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ABBREVIATIONS 


aq. ■» aqueous 

atm. » atmospheric or atmosphor 6 (s) 
at. Tol. a» atomic volume(s) 
at. vri, » atomic weight(B) 

T® or ■« absolute degrees of temperature 
b.p. » boiling point(s) 

6 ® *« centigrade degrees of temperature 
coeff. ** coefficient 

cone. « concentrated or concentration 

dil. «■ dilute 

eq. ■« equivalent(s) 

f.p. « freezing point(s) 

m.p. « melting point{ 8 ) 

mol(B) „/g~m-n>ol 6 cule( 8 ) 

' ' \gram-molecular 

mol. ht. »= molecular heat( 8 ) 

mol. vol. *• molecular volumefs) 

mol. wt. «• molecular weigh t(s) 

press. pre 88 ure(B) 

sat. » saturated 

soln. •> solution( 8 ) 

sp. gr. specific gtavity (gravities) 

Bp. ht. specific beat( 8 ) 

sp. vol. *» specific volume(8) 
temp. temperature(B) 
vap, «* vapour 

In the CPOSS references the first number in clarendon type is the number of the 
volume; the second number refers to the chapter; and the succeeding number refers to the 
** section. Thus 5. 38, 24 refers to § 24, chapter 88, volume 5. 

The 03ndes, hydrides, halides, sulphides, sulphates, carbonates, nitrates, and phosphates 
ate considered with the basic elements; the other compounds are taken in connection with 
the acidic element. The double or complex salts in connection with a given element include 
those associated with elements previously disoussed. The carbides, sUicides, titanides, 
phosphides, arsenides, etc., are considered in connection with carbon, silicon, titanium, etc. 
The intermetallic compounds of a given element include those associated with elements 
previously considered. 

The use of triangfUlar dlain^nis for representing the properties of three-component 
systems was suggested by G. G. Stokes (iVoc. Bop. Soe,, 49. 174, 1891). The method was 
immediately taken up in many directions and it has proved of great value. With practice it 
becomes aa useful for representing the properties of ternary mixtures as squared paper is for 
binary miaturee. The principle of triangular diagrams is based on the foot that in an equi¬ 
lateral triangle the sum of the perpendicular distanoes of any point from the three sides is 
a ebnstanl. Givtm any three substances B, and the composition of any possible 

combination of these can be represented by a point in or on the triangle. The apices of the 
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triangle represent the single components D, and C, the sides of the triangle represent binary 
niiistures of A and B, B and C, or C and A ; and points within the triangle^ ternary mixtures. 
The compositions of the mixtures can be represented in percentages, or referred to unity, 10, 
etc. In Fig. 1, pure A will bo represented by a point at the apex marked A, If 100 t>e the 
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standard of reference, the point A represents 100 per cent, of A and nothing else; mixtures 
containing 80 per cent, of A are represented by a point on the line 88, 60 per cent, of A by a 
point on the line 66, etc. Similarly with B and O—Piga. 8 and 2 respectively. Combine 
Figs. 1, 2, and 3 into one diagram by superposition, and Fig 4 results. Any point in this 



Fig. 4. —Standard Reference. Triangle. 

diagram, Fig. 4, thus represents a ternary mixture. For instance, the point M represents a 
mixture containing 20 per cent, of A, 20 per cent, of B, and 60 per cent, of C. 


CHAPTER LVIl 

SULPHUR 


§ 1. The History ol Sulphur 

Sulphur has been known from very early times. It is called Schwefel in 
Germany; soufre in France; solfo or zolfo in Italy; zufre or azufre in Spain ; 
and svafvel in Sweden. The name is said to be derived from the Sanscrit mlvere 
through the Latin sulphurium or sulphurum, Isodorus’ suggestion that that term 
is a corruption of sal rrvpy is not accepted. Sulphur was then frequently called 
lapis ardens. The vernacular name of sulphur was formerly brimstone, and that term 
is still used when referring to its inflammable character— e.g. it is often mentioned 
in the Bible, Revelation (19. 20), etc. In the Pentateuch— Genesis^ 19. 24—-cities 
were destroyed Trvpl koI deio )—by fire and brimstone. Ancient writers frequently 
mention a sulphurous smell accompanying lightning, and it has been suggested 
that the Greek term Oelov, divine, was extended to sulphur, for sulphur then ap¬ 
peared to accompany divine manifestations. The term deiov is frequently used by 
Homer for sulphur— e.g. in the Odyssea (22. 481), where, after the slaughter of the 
suitors, Odysseus, recognizing the need for a general clean-up, called: Quickly, 
0! Dame, bring fire that I may burn sulphur, the cure of ills^^—and sulphur was then 
used as a fumigating agent, for Homer also speaks of the “ pest-averting sulphur,’ 
the ** divine and purifying fumigation,” etc. Sulphur was also used by the ancients 
in some of their religious ceremonies ; indeed, the very term is itself derived from 
^€ 0 ?, meaning God. Dioscorides, in his iTcpi yXri^ *IarpiK^Si wTitten in the first 
century of our era, referred to ampov deloVy meaning pure or native sulphur, and 
to tr€ 7 rvpwpLivov Oetov, meaning sulphur extracted by means of fire. There are 
several allusions to sulphur in contemporaneous writers. Thus, Juvenal, in his 
ScUirm (4. 4G-47); Martial, in his Epigrammaia (1. 42 ; 10. 3); Ovid, in his Fasti 
(4.739), referred to cleaning and purifying sulphur,” and, in his Ars amaloria (Z. 
330), he alluded to the purification of houses with eggs and sulphur; and Apuleius, 
in his Metamorphoses (11. 16), mentioned a purification by a priest of Isis who used 
eggs and sulphur while holding a torch and repeating a prayer, Pliny, m his 
Historia naturalis (0. 60), also stated that sulphur had its place in religious 
ceremonies, and that it was used in fumigating houses. Pliny said : 

Sulphur is employed ceremoniously in the hallowing of houses, for many are of the 
opinion that the odour and burning thereof will keep out all enchantments—^yea, and 
drive away any foul fiends and evil spirits that do haunt the place. 

Pliny regarded sulphur as one of the most singular kinds earth, and an agent 
of great power on other substances. He said that sulphur was obtained from the 
volcanic islands between Sicily and Italy; and from the Isle of Melos ; and that 
it was mined from the hi Hs in the territories of Neapolis and Campania. When 
mined, the sulphur was purified by fire. Pliny said that there are four kinds of 
sulphur: uir. (i) Sulfur vivum^ or apyron —^introduced by fire—occurs in solid 
masses or blocks and is used for medical purposes ; (ii) gleba, or glebaceous sulphur, 
is used In the workshops of fullers; (iii) egula is used for fumigating wool; and 
(iv) sulphur that is used principally in the preparation of matches—tiwfe 8. 61, 38. 
von. X 1 » 
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Pliny indicated fourteen medicinal virtues of sulphur, which, he said, are also to he 
perceived in certain hot mineral waters. Pliny added that lightning and thunder 
are attended with a strong smell of sulphur, and the light produced by them has a 
strong sulphureous complexion. No substance, said he, ignites more readily than 
sulphur, a proof that there is iii it a great adinity to fire -ncquc alia re^ facilius 
accendiiur ; quo apparet ignimn vim magnam ctiam ei incase. This statement was 
translated by a writer of the phlogiston j)eriod, se\'enteen centuries later: ** Sulphur 
is the most inflammable substance known ; a fact which makes it evident that 
sulphur contains much plilogiston/’ 

The terms anvpov and TreTTvpcjopepov are taken to indicate that the Greeks 
knew’^ how to refine sulphur, although the operation is not mentioned by either 

Dioscorides or Pliny. It has also 
Imm^u argued, less j>robabIy, that these 
terms were intended to distinguish 
betueen flowers of sulphur and the 
wax-like variety. G. Agricola de- 
sciibed the extraction of sulphur from 
the native earth. Two pots placed 
one above the other were arranged so 
that the upper pot had a perforated 
bottom, and it was alone heated by 
the fuel. The sulphureous earth, or 
]>yrites, was placed in the upper pot, 
J, with a luted lid, L\ Fig. 1, As the 
sulphur melted, it drijiped into the 
lower })ot, B, which niight also contain 
water. Sometimes the low^er or re¬ 
ceiving pot w as buried in the ground 
as illustrated by Fig. 1, given by 
Pia. 1." -The Extraction of Sulpfmr in the G. Agricola.^ He added to Pliny s list 
Sixteenth Century. of the uses of this substance : 

Sulphur also enters into the composition of gunpowder—an execrable invention which 
has introduced a iiew' kind of w arfare for it enables missiles of iron, steel, or stone to be sliot 
far aw’ay. 

The twelfth-century Latin version of the Arabian Geber —Bumnm perfeet%ofii» 
mugkterii refers to sulphur : 

Sulphur is a fattv earth tliickened in the mine by boiling imtil it has hardened and 
become dry; and when it has hardened it is called sulphur. It has a very strong com¬ 
position and is of uniform substance in all its parts because it is homogeneous ; and tli^refor© 
its oil is not removed by distilling as is the case with other substances possessing oil. , . . 
Sulphur can be ealcinea only with great loss. It is as volatile as a spirit. When calcined 
with sulphur, all metals increase in weight, in a manner which cannot be (questioned, for 
all the metals can be combined with sulphur, excepting gold, which combines only with 
difficulty. Mercury combines with sulphur producing a sublimate of uzufur or cinnabar. 
Sulphur usually blackens tlxe metals, but it^does not transmute mercury or silver as some 
philosophers imagine. 

In his twelfth-century Compositum de amipositiSf Albertus Magnus also described 
the preparation of cinnabar in this manner; and he made a special study of the 
action of sulphur on the metals. In h^ De rd^us metaUiou et miimoMbus^ he was 
led to apply the word affinity— propter qffinilatem naturm metalla aduii —^to connote 
that relationship between combining Substances which is the cause of their union. 
Geber, in his l>e inveniione veritatis^ also mentioned the preparation of milk of tndpiiMf 
—he Butfurie: 

Rub very finely some natural sulphur, clear and gumniy, and boil in lye made from 
powdered ashes and natural chalk until it appeaxw transparent. This done, stir with a 






SULPHUR 


3 


Btick »ud cajTcftdly remove that which })as come out with the lyo by leaving the thickened 
[mrt beueath. Cool the extract a little, and put on it a fourth pai^ of good vinegar, and lo, 
the whole will congeal like milk. Remove the clear lyo as far as you can, and dry off the 
residue by a slow fire. 

Later chemists spoke about milk of sulpliur as a well-known substance; and 
Basil Valentine 2 also referred to flowers of sulphur—flores sulfur is -us a well- 
known product. The preparation of the sublimate- flowers of sulphur—was 
described by G. Agricola, and A. Libavius. 

The peculiar properties of sulphur—namely, its combustibility, its association 
with metals, and its power of uniting with metals to form a number of coloured 
compounds—led to the view that this element has a mysterious relationship with tlie 
metals; and it was soon considered to be a necessary constituent of all metals. 
Hence, the sulphur of the umteria prima theory of matter came to represent the 
principle of combustion, in the same sense that sel represented the principle of 
fixidity and solidity, and mercury the principle of gaseity and liquidity— vide 
1. 1, 12. Hence, the sulphur of the philosophers, advocated by, say, J, R. Glauber 
in the middle of the seventeenth century, w^as a mystic, inscrutable spirit, not the 
sulphur of the working alchemist, lii 1675, N. Lemery, in his Cours de chiuiie, 
opened a chapter on this substance : “ Sulphur is a kind of bitumen that is found in 
many places in Italy and Spain.’^ J. G. Wallerius said that sulphur nil aliud rst 
quam inflamtnable concentratum forma solida $eu ierrestrc. This is virtuallv the 
hypothesis expounded by Geber, and J. Kunckel said: 

Sulphur oonsiats firatly of a fatty earth whicii is a sort of combustible oil of a kind 
which is found in all vegetables ; and secondly of a fixed volatile salt and a certain thick 
eartluneaa. 

In the sixteenth and seventeenth centuries, chemists—Paracelsus, N. de liefe- 
bure, C. Glaser, etc.—regarded sulphur as a resinous or fatty earth which contained 
sulphuric acid; J. Kunckel abo believed that sulphuric acid and a combustible 
substance are the chief constituents of sulphur; and this hypothesis was advocated 
by J. R, Glauber in the middle of the seventeenth century. G. E. Stahl taught 
that sulphur itself is a compound of sulphuric acid and phlogiston: Sulphur 
K^Phlogiston+SuIphuric acid. This reaction played an important part in estab¬ 
lishing the phlogiston theory—1. 1, 15. L. A. Emmerling adopted R. Kirwan's 
view that sulphur contains 40 per cent, of phlogiston and 60 per cent, of vitriolic 
acid, and remarked that the antiphlogistians considered sulphur to be ein chemisefi 
einfacher Kdrper. After A. L. Lavoisier and other antiphlogistians had demon¬ 
strated the fallacy in G. E. Stahl’s hypothesis, sulphur was regarded as an 
elemental form of matter. Thus, in 1801, R. J. Haiiy stated that, according 
to the results of la chimie tnoderne, soufre est un corps simple. Some rival 
hypotheses were suggested—F. R. CuraudauS supposed sulphur to be a 
compound of carbon, nitrogen, and hydrogen; C. Girtanner guessed oxygen 
and hydrogen ; and H. Davy, that sulphur is a compound of small quantities oi 
oxygen and hydrogen with a basis that yields the acids of sulphur on combustion. 
Hydrogen is produced in such quantities from sulphur by voltaic electricity that it 
cannot well be considered as an accidental ingredient, and he likened sulphur to a 
hydrocarbonaceous vegetable matter. This was supported by W. Clayfield’s 
and A. B. Bcrthollet’s observations. H. Davy gave up the hypothesis that sulphur 
contained oxygen after his study of the action of chlorine on that element; J, Dalton 
argued against the idea; and J. L. Gay Lussac and L. J. Thenard proved that 
sulphur must be regarded as an element. 

T, Ooss ♦ thought that by electrolyzing a mixture of silver sulphate and sulphide 
he had transmute sulphur into a new elemei^^t which he called bytfmm, but 
iL Alexander contradict^ the results which T. Cross had reported. 
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§ 2. The Occurrence of Sulphur 

Sulphur occurs in nature free and combined. According to the estimates of 
F. VV. riarke,^ and F. W. Clarke and H. 8 . Washington, the itmeous rocks of the 
earth's 10-niile crust contain 0*052 per cent, of sulphur, and 46*42 jht cent, of 
oxygen ; and the sedimentary limestones, 0*09 per cent, of sulphur, and 42*57 
per cent, of CaO. The average amount of SO 3 in shales is 0*64 per cent, ; in sand¬ 
stones, 0*07 per cent.; and in limestones, 0*05 per cent. The estimated average for 
the earth's hthosphere is 0*049 per cent, of sulphur, and 0*026 jier cent, of 8 O 3 
when that of silica is 59*08 per cent. Otherwise expressed, the earth's lithosphere 
— or 10-mile crust—has 0*06 per cent, of sulphur (oxygen, 46*46 per cent.); the 
hydrosphere, 0*09 per cent, (oxygen, 85*20 per cent.) ; and the general average for 
lithosphere, hydrosphere, and atmosphere is 0*06 per cent, (oxygen, 49*20 per cent.); 
J. H. L. Vogt estimated that the igneous rocks of the earth’s crust contained 0*6 
per cent, of sulphur (oxygen, 47*2 per cent.). H. S. Washington gave 0*64 per 
cent., and W. Vernadsky gave 0*54 for the percentage amount, and 0*1 for the 
atomic proportion. 

Sulphur also occurs in extra-terrestrial regions. As indicated by 

E. F. F. Chladid ,2 and E. Cohen, several people have mentioned the blue flame 
and sulphureous smell of meteorites which have just fallen ; E. Mathias said that 
the colours most frequently observed with thunderbolts are those of black bodies 
cooling, i.e. yellow, orange, or red. In many cases, however, blue, or a colour 
produced by superposition of blue on one of the preceding, is observed ; these are 
attributed to burning sulphur, possibly arising from sulphur-containing organic 
matter in the atmosphere. The blackening of gilded objects, and the nature of 
odours observed in some cases, support this conclusion. Free sulphur to the extent 
of 1*24 per cent, was reported by H, E. Koscoe in the Alais meteorite, and lesser 
amounts in other meteorites have been indicated by F. Wohler, J. N. Lockyer, 

F. Pisani, N. Teclu, J. L. Smith, C. U. Shepard, and C. Reichenbach. Scores of 
meteorites have been observed to contain metal sulphides, principally pyrites— 
i)ide iron. D, Brewster,» and C. A. Young thought that they recognized the 
occurrence of the spectral lines of sulphur in the solar spectrum, but H. A. Row¬ 
land, and M, N. Saha concluded that the spectral lines of the sun show no indication 
of sulphur. J. N. Lockyer discussed the indications of sulphur in the spectral lines 
of some of the hotter stars; and I. S. Bowen, in nebulm. 
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The occurrence of combined sulphur in the form of hydrogen sulphide and 
sulphuric acid is indicated below, and its occurrence as sulphates, and sulphides is 
discussed in connection with the individual metals. The great repositoricvS of sul¬ 
phur are the beds of gypsum, limestone, and associated rocks, or else in the regions of 
active and extinct volcanoes ; thus, it is found in the encrustations of fumaroles and 
other volcanic vents ; and in sulphurous springs w^here it falls to the bottom as a 
light-coloured mud ; in many old crater lakes where the bottom is covered with 
muds and clays mixed witli sulphur. There are thus two main types of native 
sulphur : (1) The solfaiaric type found in lava fissures and in extinct volcanic vents 
(Japan, Mexico). Deposits of this type are forming at the present day in volcanic 
districts from the mutual action of hydrogen sulphide and sulphur dioxide which 
occur among volcanic gases. According to C. W. Vincent A the water from a spring 
at Krisuvik, Iceland, is ejected, with a hissing noise, to a height of 5 8 ft., and 
is accompanied by steam impregnated with hydrogen sulphide and sulphur dioxide. 
The water subsequently deposits sulphur, and in many places the surface of the 
ground has a crust of sulphur 2-3 ft. thick. This w^as at one time collected and 
exported. G. Mackenzie, speaking of the living ” sulphur mines in this region, 
said: 

It is impossible to oonvoy adequate ideaa of the wonders of its terrors. The sensations 
of a person, oven of firm nerves, standing on a support wliicli feebly sustains him, wliere 
literally fire and brimstone are in incessant action, having before his eyes tremendous 
proofs of what is going on beneath him, enveloped in thick vapours, his ears stunned with 
tliunderiug noise-s, can hardly be expressed in words, and can only be conceived by those 
who have experienced them. 

(2) The gypsum type .—The sulphur appears to have been liberated from gypsum 
by the reducing action of bituminous matters found associated with the gypaurn. 



Fio. 2.—^Tho Geographical Distribution of the Sulphur Deposits. (The dotted lines are 
Imaginary Linos through the Chief Regions of V^olcanio Activity.) 


Calcium sulphide is probably formed from the sulphate ; and this, by the action of 
water and carbon dioxide, forms sulphur, calcium carbonate, and hydrogen sulphide. 
The Sicilian deposits, and perhaps the more important sulphur deposits, are of this 
type. F. Rinno ^ reported a sulphur from Java containing 29-22 }>er cent, of arsenic 
which he called sulphttriie. 

Occurrences have been reported in various parts of the world. Most of the 
districts where sulphur is profitable are not far from the dotted lines, Fig. 2, repre¬ 
senting regions of past or present volcanic activity. These countries are the world's 
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bulplmr producers. The world’s production of sulphur in long*tons is shown in 


Table I. —The World’s Pboduction of Sulphur. 



1909 ( 

1914 

Austria 

‘“1 

12,856 ’ 

20,314 

Chile . 

4,508 ' 

10,008 

E ranee 

2.900 

— 

New Zealand 

— 

— ^ 

Greece 

1,000 1 

Nil 

Italy . 

435,000 

377,843 

Japan. 

36,317 

75,308 

Spain , . . i 

21,750 

47,180 

United States 

303.000 

347,491 

Total , 

817,391 

878,144 


1919 

-L-™. 

1923 

1925 

10,173 

15,136 


, 18,910 

11,380 ! 

8,929 

' 2,222 j 

272 1 

147 

— 

— 

269 

, 2,238 

2,243 i 

1,180 

226,126 

256,342 1 

286,249 

67,382 

37,408 1 

! 89,582 

89,586 

66,371 . 

, 77,711 

680,800 j 

1,644,904 

j 1,409,262 

‘ 1,097,437 

2,034,056 

1,873,329 


Europe. —Tiien^ are no deposits of sulphur of commercial importance in Great Britain/ 
a little lias been found associated Tcith the gj^psum of Newark, Nottingham, and in Corn¬ 
wall, Derbyshire, W’estmoreland, and Cumlierland ; and conci-etions liave been reported 
in tlie Carboniferous Limestone of Ireland. In France,^ marls containing sulphur arc 
mined in the departments of Bouches-(lu-Kh6ne and Vauclase for the us© of vineyards ; 
there are small occurrences in several other departments ; and there is a small deposit 
of sulpliur associated vsith the gypsum of Biabaux near Marseilles. There are deposits 
of sulphur in Spain * in the provinces of Mercia, Almeria, and Albacete. The sulphur 
is here associatwl with gj-psum and marl. Italy • is the most important sulphur-producing 
I’ountry in Europe, and it now ranks second to the United States in the world’s production. 
Most of the sulpliur is obtained in Sicily from a belt extending over KX) miles from Mount 
Etna on the east, to Girgenti on tli© west. The centre of the industry is at Caltanisetta. 
The sulphur occurs in veins, pockets, and impregnations associated with gypsum and 
bituminous marls. G. Baldassarri found it in the Zoccolino Grotto of Tuscany ; J. l^itton 
<le Tourncfort, in a grotto at Milo ; and G. de Dolomieu, in a cave on Aitna. It also 
o(‘curs in tlie volcanic i.slands near Sicily ; in the Solfatara near Naples ; in the bituminous 
deposits near Bologna ; etc. A few occurrences have been report-ed in Germany,^*’ 
Belgium,^' Iceland/* Galicia/* Macedonia/^ and Greece.Cyprus produced 12 tons 
in 1920. Deposits occur in Russia/* Austria,Hungary, and Switzerland.^* There is none 
in Norway. 

Africa. —A deposit of sulphur occurs at Guelma,^* Algiers ; a number of deposits hav^’e 
been reported from South and West Africa ; Bahar el Saphingue, Egypt ; Tenerlflfe ; and th© 
Islands of Tor and Bourbon. 

Asia. —Occurrences of sulphur have been found in the Transcaspian district ; in 
Palestine,** Asia Minor,** Persia,** Mesopotwia/* and Central Asia.** Deposits of 
sulphur have been reported at many places in India,** notably at Ghizri Bunder in the 
prov'ince of Golkurt near Karghari on the Mekran Coast. The most important mine is 
near Sanni, in the Kachhi district of the Kelat State, Baluchistan. Sulphur also occurs 
in Burma,** at Mawsun in th© Southern Shan States, Java,** Celebes/* th© Philippine 
Islands,*^ and China. Japan ** is an important producer of sulphur. Th© deposits are 
of volcanic origin, and occur as sulphur-bearing clays in th© beds of lakes of ancient craters, 
or in muds which have been ejected during periods of volcanic activity. A little sulphur 
also occurs in the vicinity of volcanic vents and fumaroles. Th© most important mining 
area is in Hokkaido ; there as© sulphur mines along the Kirishima volcanic zone; and 
there are many deposits in the north of Honshu. There are no sulphur deposits on 
Shikoku, and none is rained in Korea. A little sulphur is mined in several of the Kurile 
Islands ; and in th© vicinity of I>aiton volcano, Formosa, 

Australasia. — G. H. F, Ulrich ®* noted th© occurrence of sulphur in Vletoila ; 
R. W. E. Macivor, in New South Wales ; A. McIntosh Beid, in Tasmania ; and there is 
a deposit at White Island, New Zealand. Deposits have been also reported on some of 
th© Paeifle Islands,** Vanua Levu, New Hebrides, Sandwich Islands, etc. 

South America. —There is a number of important sulphur deposits of volcanic origiii 
in Chile/ ^ where the majority are situated at high altitudes. Tlie deposit worked on 
Mounts Olca and Chupiquina are at altitudes of 17,000 to 18,000 ft, above seadevel. 
There are also deposits at Mounts Ollague and Tacora. Small occurrences have l>een 
noted in the Argentine, Pern, Ecuador, Colombia, Brazil, Trinidad, and Martlnlqiie/* 

North America. —Occurrences of sulphur have been reported in McxICO/* Tho largest 
producer of sulphur is th© United StatM *• and there are deposits in California, Nev^a, 
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ITtrth, Wyoming, Toxas, Louisiana, Georgia, Virginia, Maryland, iVunsylvania, and 
Mirhigari; but 98 per cent, of the total output occuph in the deep-lying milphiir beda of 
Louisiana and Texas. TJiere are also occurrences in Unalaska, tlio Aknn Islands, and in 
the Kiitmai region, Alaska—e.gr. as incrustations about the fumaroles of the valley of 
T<‘ii Tliousand Smokes. There are deposits in Canada in the provinces of Nova Scotiii, 
Ontario, Alberta, British Columbia, and in the district of Mackenzie. 

C. Vischniac found some sulphur in iodine. W. Prandtl discussed the 
difficulties attending the preparation of hydrogen free from sulphur. The occurrence 
of sulphur in the tissues of animals and man has been discussed by E. and H. 8ab 
kowsky, etc. H. Schulz found that in the dried organs of a man aged 39 the 
percentage of sulphur varied from 0*57 in the brain to 1*03 in the jejunum. In 
the muscles of different animals, ^he percentage varied from 0*86 to 1*33 ; in the 
human aorta, from 0*47 to 0*67 ; and in the human vena cava, from 0*28 to 0*73. 
The sulphur in the liver cells of oxen was estimated by F. Kruger and co-workers : 
they also found the liver cells of man to contain 2*41 per cent, of sulphur ; and of 
newly born children, 3*56 per cent. In a case of fatty degeneration of the liver, 
there was present 2*18 })er cent, of sulphur. The sulphur in egg albumen was 
discussed by E. Drechsel,^i P. N. Raikow, E. Baumann, E. L. Salkowsky, and 
A. Kriiger ; in pig’s fat, by G. Mariani; in cow's milk, by G. Sartori; in urine, 
by R. Ijepine and co-workers, A, Heffter, E. Petry, 8. Bondzynsky and K. Panek, 
and F. If. Thiele ; in the fseces, by E. L. Salkowsky, and F. von Oefele ; in cystine, 
by W. F. Hoffman and R. A, Gortner; in human hair, by P. N. Raikow, and 
F- During; by H. Weiske, in bird’s feathers; and in wool, by H. Strunk and 
H. W. Priess, N. Raikow, and E. Grandmougni. P. Mohr found the following 
percentage amounts of sulphur : Woman’s hair dark blonde, 4*95 ; girl’s hair— 
dark brown, 5*34 ; boy’s hair—red blonde, 4*98 ; boy’s hair—red, 5*32 ; rabbit’s 
hair, 4*01 ; calf's hair, 4*35 ; horsehair, 3*56 ; pig's hair, 3*59 ; sheep’s wool, 
3*68; goose feathers, 2*r)9-3*]6 ; pig's hoof, 2*69; calf’s hoof, 3*57; ox hoof, 
white, 3*49 ; ox hoof, black, 3*45. The sulphur of wool is contained in the keratin. 
Dry wool readily absorbs hydrogen sulphide, and as such is easily oxidized to 
sulphurous acid. Hence the rejiorts that sulphites are present in wool, and that 
the keratin mol. contains sulphite. E. Laborde found approximately 0*2 per cent, 
of sulphur in tlie skin of three children : and in the healthy skin of another who had 
died from poisoning by sulphuric acid, there was 0*15 per cent., whilst the burned 
areas of the skin contained 0*37 per cent. The occurrence of sulphur in plants— 
onions, garlic, mustard, horse-radish, oils, etc.—was discussed by M. Bertheloi 
and G. Andre,**- G. Cugini, T. Jamieson, ’ J. M. H, Munro, and G. Tammann. 
A. R. Thompson found sulphur in the rice-plant. 

J. H. and C. J. Cravenhorst^*** observed that sulphur is produced when a decoction 
of vegetable matter is allowed to stand in contact with sodium sulphate— vide 
infra, hydrogen sulphide. The 
occurrence of granules of sulphur 
in the cells of .some kinds of Becf- 
fjiMoa was noted by C. Miiller. 

8. Winogradsky’s diagram of the 
Beggiatoa alba, Fig. 3, shows the 
sulphur granules present in the 
cells. In 1870, G. Hinze observed 
granules of sulphur in the cells of 
the alg® Vlothrix, and OsdUaria. 

A. Corsini showed that the sulphur 
is in the colloidal form, F. Cohn 
found that the sulphur is always 
present in certain types of bacteria Fig. 3 .— Beggiatoa alba (x 1000). 

found in sulphur springs, where 

they abound in the white, slimy masses there present. Sulphur is indeed a 
product of the life action of certain bacteria-—the BeggicUaa alba, Chronm- 
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iiam, oJceini, etc. Just as plants and animals derive energy and heat by the 
oxidation of carbon, so do these bacteria appear to obtain their energy and heat by 
the oxidation of sulphur. It is estimated that roughly 25 per cent, of their body 
is sulphur. S. Winogradsky said that the Beggiatoa do not make sulphur 
by reducing sulphates to hydrogen sulphide, and partially oxidizing the hydrogen 
sulphide to water and sulphur; rather do they oxidize the hydrogen sulphide 
to sulphur and water. They can be cultivated in a very dil. soln. of hydrogen 
sulphide ; cone. soln. are harmful. The sulphur st/Ored in the cells can be oxidized 
to sulphates. The members of another kind of sulphur bacteria can oxidize thio¬ 
sulphates to sulphuric acid : 3Na2S.203-i 50 "2j!^a2804-|-Na2S40(j. According to 
D. C. Harrison, hydrocyanic acid inhibits not only the aerobic but also the anaerobic 
oxidation of sulphur-compounds. The addition of traces of copper and iron to 
purified sulphur-compound groups accelerates their aerobic and anaerobic oxidation. 
The activation of oxygen is not a necessary process, nor does it seem that the 
catalytic action of tlie metals is due to the activation of oxygen. D. C. Harrison 
assumes that the catalysis of the oxidation of the sulphur compound group by metals 
is effected by the alternate oxidation and reduction of the catalytic metal by means 
of which hydrogen is made available for acceptance by molecular oxygen or by 
methylene blue. The reduction of methylene blue by sul])hur compounds may 
take place to an appreciable extent even in the complete absence of catalytic 
metals. 

Very little is known about the bacteria which oxidize the sulphides in soils. 
N. D. Zelinsky associated the thick layers of iron sulphide on the bottom of 
the Black Sea with the action of various micro-organisms on the ooze, and one 
of them, the Baxierium hydrosulfureum fonticum, can produce hydrogen sulphide 
from sulphates, sulphites, etc. L. Elion, however, emphasized the fact that this 
bacterium is not able to attack sulphates. Actually, the number of bacteria able 
to reduce sulphates is small. M. W. Beyerinck showed that the alleged reduction 
of sulphates by bacteria is actually an oxidation of organic matter with the 
aid of the oxygen from the combined sulphate : 2C “f-RS04+0-“RC03-f C()2 4 S, 
and the energy is derived from the combustion of the organic matter. This 
particular bacterium was called the Spirillum desulfuricans —afterwards Mw.ro.^pira 
desulfurimris. A. van Delden found the same bacterium in some vegetable mould, 
and the de})osit of iron sulphide in the Wadden shallows of the Dutch coast was 
formed by the hydrogen sulphide produced from the bacterium which he named 
Microspira cestuani. B. L. Issatchenko found this bacterium in the Black Sea ooze. 
A. Rank found the Microspira des^dfuricans in sea sand ; and C. A. H. von Wolzogen 
KUhr, in the sand and clay of the Dutch dunes. L. Elion found yet a third sulphate- 
reducing bacterium which he called Vibrio thermode^sulfuricans with an optimum 
temp, of 55'’— vide infra, the occurrence of hydrogen sulphide. 

The occurrence of sulphur in coals, and in the products of the dry distillation of 
coal, has been discussed by W. Wallace,^ etc,; in oil-shales, by E. P. Harding; in 
petroleum and gasoline, by C. F. Mabery and A. W. Smith,F. Challenger, etc.; in 
iron,^® and in natural waters by H. Moissan,^^ H, Moissan found that the water of 
the Borden Spring, Luchon, contains no hydrogen sulphide, and this gas, present in 
the air at the well, is considered to be a secondary product of the action of the carbon 
dioxide of the air on the sodium sulphide present in the water. The water has free 
sulphur in soln., and the vapour evolved from this water contains traces of hydrogen 
sulphide and of sulphur dioxide as well as some free sulphur. The free sulphur 
may be derived from three sources: (1) vaporization of sulphur from the water, 
(2) slow combustion of the hydrogen sulphide, and (3) the interaction of the hydrogen 
sulphide and the sulphur dioxide.^® 

Sulphur as a volcanic sublimate is produced by a reaction between sulphur dioxide 
and hydrogen sulphide. It is also formed by the incomplete combustion of hydrogen 
sulphide: 2H28+O2—2H20-f2S, as shown by G. ¥, Becker,^® E. Onorata, and 
J. Habennann; and by the action of steam on sulphides: 3Pb8+2H20 
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—3Pb+2H2B4-S02- 3Pb4-3S4-2H20, and by the action of steam on hydrogen 
sulphide observed by A. Oautier. J. Papish found that sulphur dioxide is reduced 
to sulphur by methane at elevated temp.; consequently, the sulphur occurring in 
volcanic regions may, in part, be formed by the reduction of sulphur dioxide by 
methane, carbon monoxide, or hydrogen—all of which occur in volcanic exhalations. 
The sulphur deposits common about mineral springs are also due to the imperfect 
oxidation of hydrogen sulphide, which is produced by the action of acidic waters 
on sulphides, or by the reduction of sulphates by micro-organisms, etc., as advocated 
by E. Plauchud, A. fitard and L. Olivier, and W. F. Hunt. A. Daubree, F. Hoppe- 
Seyler, L. Baldacci, G. Bischof, and R. Travaglia considered that the Sicilian 
sulphur has been produced by the action of organic matter—the remains of marine 
animals—on the sulphates. A. Kriimmer and R. Ewald found a large cavity 
in gypsum met with in the Barsinghausen mines was lined with bitumen, resting 
on which were large crystals of sulphur. Between the gypsum and the bitumen 
was a zone of calcium carbonate ; and the gases in the cavity contained hydrogen 
sulphide and hydrocarbons. The sulphur had no doubt been formed by the 
reducing action of the hydrocarbons on the gypsum, for example: 
CaB04+CTl4-X^aS+(»2*f^H26-CaC03+H2B+H20; followed by 2H2S+2H2O 
-I-O2—4H20~|-2S. The deposits of sulphur in Sicily, which are associated with 
gypsum and outbursts of gas containing hydrocarbons and carbon dioxide, have 
])robably been formed in a similar manner. Attempts have been made to explain 
the occurrence of sulphur and gypsum without assuming that one is derived from 
the other. A. von Lasaulx, and G. Spezia assumed that the sulphur was deposited 
from water containing hydrogen sulphide and calcium carbonate during the 
concentration of fresh water basins. G. Spezia, and A. Bechamp showed that when 
hydrogen sulphide acts on water and calcium carbonate under press., calcium 
hydrosulphide is formed, and when the soln. is evaporated calcite, gypsum, and 
sulphur are formed. R. Brauns, and L. Dieulafait also argued that when 
sulphuretted waters act on sedimentary limestones, sulphur and gypsum are 
produced. II. Sjogren, and 0. Silvestri found in a liquid inclusion of gypsum, a 
fluid like sea-water, and hydrogen sulphide. The deposits of sulphur in Western 
Texas are associated with gypsum, and with water containing hydrogen sulphide. 
E. M. Skeats showed that in some cases, the waters from sulphur-beds are strongly 
acidic owing to the presence of sulphuric acid. E. Dittler said that native sulphur 
may be produced in some cases by the action of steam on pyrites or marcasite. 
The general subject has been discussed by G. Spezia, B. Doss, F. W. Clarke, 
W. F. Hunt, E. Cortese, 0. Stutzer, W. Lindgren, and QA^. Richardson. 

Bie nulphur csrcle; — w. Lindgren has well emphasized the fact that in 
nature a large part of the sulphur is continually in movement, changing from 
sulphide to sulphate with local reversions to native sulphur, and from sulphate 
back to sulphide. He follows the cycle somewhat as follows : All active volcanoes 
give off enormous quantities of hydrogen sulphide some of which is oxidized to form 
sulphur dioxide and then the trioxide. The resulting sulphuric acid descends to the 
esurth with rain to form sulphates by reacting with the basic rocks. A part of the 
hydrogen sulphide is reduced to native sulphur. All intrusions contain sulphur 
compounds part of which are fixed as metal sulphides— €,g. pyrites—which fill 
veins or impregnate adjacent rocks; or else as sulphates— e.g. barytes, and 
anhydrite. Some of the silicated waters which come to the surface carry hydrogen 
sulphide in soln., and this gives rise to accumulations of native sulphur about the 
vent of springs. 

When the basic sulphide rocks are exposed at the surface, they are oxidized 
to soluble sulphates— €.g, iron, aluminium, magnesium, zinc, c^alcium, potassium, 
and sodium-—which find their way to the sea. The less soluble sulphates—c.j. lead 
sulphate or the basic iron sulphates—linger behind. In the average river waters, 
sulphates are present in relatively large amounts, and enormous quantities are dis¬ 
charged iuto the ocean, so that the sulphates would predominate over the chlorides 
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in the waters of the sea were it not for the continuous reduction of sulphates to 
sulphides along the littoral—particularly muddy shores rich in organic matter. 
Sulphur as iron sulphide is plentiful in shore deposits, and in 8<<^ne deep clo«;ed 
basins, like the Black Sea, similar reducing conditions obtain at the bottom, and 
the mud at the })ottom is rich in iron sulphide. 

The evaporation of sea-water or lake-water in closed basins results in the 
deposition of calcium sulphate which forms nearly all the known beds of gypsum. 
When meteoric waters loaded with hydrocarbons act on calcium sulphate, the 
sulphate is reduced to sulphur. The sulphate may be similarly reduced by bacterial 
activity. 

The muds and silts, rich in iron sulphide, largely as marcasite, are compressed, 
raised, and folded by geological processes to form shales and sandstones. The 
sulphide is then attacked by oxidizing soln., converted into soluble sulphates and 
again earned back to the sea. The meteoric waters circulating at deeper levels, 
extract sulphates from uplifted sediments—limestone, slate, or silt--near the 
surface, anti, lower down, the sulphides of hydrogen, iron, zinc, lead, copper, cad¬ 
mium, (‘ohalt, or nickel. The sulphides may be deposited elsew^hcre as in the zinc 
and lead sulpliide deposits on the limestone of the Mississippi Valley. 
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§ 3. The Extraction of Solphor 

The sulphur earth occurs in Sicily in lodes mixed with limestone and gypsum. 
The amount of sulphur in workable ” ore varies from 8 up to about 25 per cent. 
The sulphur is separated by heating the ore and allowing the molten sulphur to 
flow away from the mineral impurities. This is effected by stacking the ore on the 
sloping floor of a circular kiln without a permanent roof. The kilns are called 
calcaroni. In stacking the ore, air spaces are left at intervals to secure ventilation. 
The stack is covered with powdered or burnt ore. The sulphur is ignited near the 
bottom. A portion of the sulphur acts as fuel, and melts the remainder which 
collects at the lowest point of the inclined bottom of the kiln- After about five 
days, a plug at the lower end of the kiln is removed, and the sulphur is run into 
small wooden moulds. The opening is closed, to be reopened day by day until, in 
from three to five more days, the sulphur ceases to flbw. About one-third of the 
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sulphur is lost in the calcarone system of extraction. It is, however, cheaper to 
use the sulphur as a fuel than to import coal. The loss, however, is excessive even 
then, and in consequence, the calcarone method has been displaced by more 
economical kilns. The kiln devised by R. Gill ^ is mainly employed. This consists 
of an oven covered by a cupola called a cell. Inside is a small cupola within which 
a coke fire burns. Each cell holds up to about 5 cubic metres of ore. About six 
cells make a hutery. The gases generated in the first cell pass by lateral channels 
into the next cell. When the liquation is completed in the first cell, the contents 
of the second cell have been heated to the ignition pt)int of the gases. This cell is 
treated as in the case of the first one and so on in rotation. It is claimed that at 
least an 80 per cent, yield is attained by these kilns; the time required for each 
cell is 3-4 days ; and gases heavily charged with sulphur are not lost in the atmo¬ 
sphere, and in consequence the work can be continued all the year round without 
danger to the crops of the farmers. The process was studied by A. Ricevuto and 
M. Buogo. G. A. iStrover described the simple distillation process employed in 
Upper Burmah. The processes for extracting sulphur in Sicily have been described 
by E. Jungfleisch, B. Bruhn, S. Aichino, W. C. Phalen, etc. 

The difficulties attending the mining of sulphur at Louisiana, led H. Frasch ^ 
to devise a totally new method of extraction, which has removed from Sicily the 
domination of tiie conditions regulating the 
world’s supply of sulphur. By means of 
rigs and drills, holes are bored to the sulphur 
deposit in a way similar to those employed 
in boring for oil. Sulphur melts at IIG''. 

The subterranean sulphur is melted by super¬ 
heated steam, which is conveyed through a 
6-m. pipe to the sulphur bed, Fig, 4. The 
molten sulphur collects as a pool at the 
bottom of this pipe. Enclosed in tliis pipe 
IS another 3-iii. pipe through which the 
molten sulphur—or rather an emulsion of 
sulphur and air—is raised to the surface by 
compressed air (25() lbs. per sq. in.) forced 
tlirough an inner 1-in. pipe. The molten 
sulphur is then conveyed to a wooden bin, 
where it solidifies. The sulphur is of a high 
degree of purity—99*93-99’98 per cent, sulphur—and it contains only a trace of 
water. The process is applicable only to deposits rich in sulphur—say 60 per 
cent.—and therefore is not available for the Sicilian earths. 

The geyser-like craters in the Bungo province, Japan, emit sulphurous fumes 
intermittently. During inactive periods, the Japanese have placed pipes in the 
ground, and in crevices about its craters, so as to collect the fumes during the active 
periods. The fumes are led into suitable reservoirs, and the liquefied sulphur 
flows from there in conduits, and solidifies down the side of the mountain. The 
sulphur is then broken into fragments and sold as Bungo sulphur, 

A number of other proposals has been made for extracting sulphur from earths. 
J. G. Whitlock • suggested distilling the sulphur from large vessels. C. Bellman proposed 
extracting the sulphur with carbon disulphide. A. Walter, and F. Dickert patented 
systems of liquating sulphur from the sulphur-earth. W. Gritti melted the sulphur from 
the earth by heating with superheated steam. The idea was modified by F. W. Becraft 
and A. L. Genter, W. D. Huff, the Texas Gulf Sulphur Co., E. F. White, R, 1\ Perry, and 
W. E. Chfiord and T. H. Green ; A. K, Sedarwick melted the sulphur in the earth by super¬ 
heated steam, and separated the molten svUphur by centrifugal jwtion. M. de la Tour de 
Brenii heated the earth with a 66 per cent. soln. of calcium chloride at 120°, and collected 
tl*e liquated sulphur. A. F. Lucas and G. M. S. Tait obtained the heat for meltii^ the 
sulphur in the earth in situ by partially burning the sulphur in the deposit by a mixture 
of airland carbon dioxide, and forcing the molten sulphur to the surface by gas prm. 
W. D, Huff melted the sulphur from the eartli in situ by electrical heaters ; and R. Fleming 
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had a modification of the idea. K. M. Baum melted the crude mixture in the presence 
of an aq. soln. of zinc chloride of such a sp. gr. that the molten sulphur rises to the 
surface. 

E. Dittler ^ said that some colloidal sulphur is produced by the prolonged action 
of steam on pyrites and marcasite, and that in some cases native sulphur may have 
been produced by a similar action. Sulphur obtained by the distillation of pyrites 
or other metal sulphide is commercially possible only in a few cases. A. Walter 
partially roasted the ore in a suitable furnace ; W. A. Hall heated the ore with 
steam and a reducing flame ; the New Jersey Zinc Co. heated the ore to 600°--800° 
when the pyrites is converted into the pyrrhotite and sulphur; 6. T. Gerlach, 
O. C. D. Ross, and C. F. Claus heated the ore with superheated steam ; L, P. Wright 
heated the pyrites in an electrically heated retort and found sulphur distilled ofl, 
and iron contaminated with sulphur remained; the Rhenania Verein Chemische 
Fabrik produced sulphur by the action of sulphur dioxide on iron sulphide or 
pyrites or mixtures which peld iron sulphide on heating above 600'^. C. E. Kingsley 
heated the sulphide with dil. nitric acid (1 : 20); and J. Swinburne electrolyzed 
the molten sulphide. 

Large f|uantities of free sulphur are produced in the manufacture of coal-gas, 
or coke-oven gas, where this element accumulates in the iron oxide of the purifying 
plant. Most of the siilphated oxide is used in making sulphur dioxide, but some may 
be treated for free sulphur. E. Vaton and A. Zuaznavar ^ distilled the spent oxide 
in retorts ; and A. Derome heated the material to redness while injecting steam into 
the retort to decompose the cyanides, etc.—sulphur, ammonia, etc., pass to the con¬ 
densing chambers. P. E. W^illiams treated the pentoxide with aq. ammonia, the 
resulting polysulphide was decomposed by heat, and the escaping ammonia 'was 
collected and used over again. A number of solvents has been recommended 
boiling acetylene tetrachloride mixed with xylene. The Soci6t6 d’eclairage used 
light tar oils ; J. J. M. Becigneul, hot toluene or toluene mixed 'with carbon tetra¬ 
chloride ; E. J. Hunt and W. F. Gidden, and A. M. Chance and C. Hunt heat<id the 
material with sulphuric acid, and extracted the sulphur from the residue by means 
of a solvent. The dark colour of the product spoils its sale, so that it is nearly always 
used for making sulphur dioxide. J. J. M. Becigneul, and the Chemische Fabrik 
Phonix proposed methods for eliminating the tarry colouring matters. Some 
sulphur was also produced in the residue from the soda-ash process. 

It was proposed by J. H. Vivian ® to obtain sulphur from sulphur dioxide by 
}>assing the gas through red-hot coke; F. Reich experimented on the process in 
1858 ; and several proposed modifications—by E. Will, M. Ruthenburg, L. P. Basset, 
W. F. Lamouraux and C. W. Renwick, C. fe. Vadner, and The American Smelting 
and Refining Co.—have been based on this reaction. F. R. Carpenter passed a 
mixture of sulphur dioxide and steam through red-hot coke and produced hydrogen 
sulphide: 2S02+2H20+3C=2H2S+3C02; and SOg+HgO+SC-HgS-f 3C0. 

The mixture containing hydrogen sulphide was then burnt with the necessary 
amount of air to produce sulphur : H2S“f-0^H20-f S— vide infra. N. F. Yush- 
kevich and C. A. Karzhavin studied the reactions: 2S02+4C0=4C024’2S, and 
2C0-=:C024~C at 800^^ to 1400°. The equilibrium in the former is but slowly 
attained, particularly at low temp., and for industrial work a catalyst more active 
than ferrous sulphide is desirable. J. Papish said that sulphur dioxide alone at 
an elevated temp, is reduced to sulphur. The reduction by carbon monoxide: 
BO 2 + 2 CO— 2 CO 2 +S, was examined by E. Hanisch and M. Scbrdder, and 
M. Berthelot. F. L. Teed and oo-workers passed the sulphur dioxide mixed with 
a reducing gas—like producer gas, or water-gas—over a red-hot contact substance 
like magnesia, calcium sulphate, or ferric oxide: SO 2 + 2 CO— 2 CO 2 +S, and 
802+2H2==2H20-f S. H. Sanborn and co-workers pacsed the sulphur dioxide 
through a tower having a spray of calcium sulphide sohi. The mixea calcium sul¬ 
phide and sulphate, and sulphur are heated when sulphur distils off ; and the calcium 
sulphate when mixed 'with coke and heated regenerates calcium sulphide. The 
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Chemische Fabrik Griesheira-Elektron reduced Hulphur dioxide or sulphites to 
sulphur by means of spongy zinc. L. Wohler and co-workers found that sulphur 
dioxide reacts with calcium sulphide at temperatures below 1000 ', giving the sul¬ 
phate and sulplmr ; as the sulphate forms a protective layer on the 8ul])hide, how¬ 
ever, the reaction soon ceases, x\t temp, above the products of reaction are 

lime and sulphur, and the reaction proceeds nearly to completion. The lo\v-t(‘mp. 
reaction can, however, he accelerated l)y the catalytic action of ferrosoferric oxide. 
Zinc blende reacts with sulphur dioxide to give sulphur and zinc oxide, which latter 
forms a protective coating of a kind of l)a.sic sulphide on the blende so as to stop the 
action. Both siilphide.s of iron react with .sulphur rlioxide to give ferrosoferric oxide 
and sulphur. The reaction is rajiid and complete, being (‘atalytically accelerated 
by the ferrosoferric oxide. 

The so-called thiogcn-jnocess of S. W. Young, examined by A. K. Wells, and 
A. Butin, is employed for recovering .suljdmr fnmi th(‘ .sulphur dioxide of smelter 
fumes. It depends on the reduction of sulphur dioxide by <'thylenic hydro¬ 
carbons : 3802+02114 38-|-20()24-2H20, ^\hich is a slow and incomplete 

reaction unless stimulated by ferric oxide or calcium sulpliide as a catalyst: 
2CaS+3S02- 2 Ca 808 + 3 S ; and 2(^aS()3+(^2H4-2ra8+2C02+2H20. In another 
j>rocess, the fumes are treated with barium sulphide, which produces a mixture of 
siilpliur and a barium oxy-sulphiir compound. The mixture is heated to distil 
off the free sulphur; and then heated with carbon to regenerate the sulphide. 

N. F. Yiishkevicli and V. A. Karzhavin, C. U. ('ollins, A. H. Eustis, G. N. Kirsbom, 

and E. Will also descrified ])roces.ses for recovering the sulphur from smelter-fumes. 
W. Fold proposed to recover ammonia and suljihur from coal-gas by washing it 
uitii a sola, of ammonium ltdrathionate --in the so-called The 

tetrathionnte is thereby converted into thiovsulphate : (NH4 )m840q j-2NH3+H20 

- (NHt)2S04 f-(NH4)2SV)3i S, and 4NH3+2H2O+3SO2 -2(^+14)2804+8. The 

oxygen necessary for forming sul]duite is derived partly from the sulphur dioxide, 
that is, from the air used in burning the sulphur. When hydrogen .sulphide is 
present in the gas, it provides the necessary .sulphur: (NH4)2840e+3H2S 

(NH4)2820., I 58 j 3H2O. Tlie tetrathionate is recovered by the action of sulphur 
dioxide an<l .sul[>hur: 2(N 114)28203 j 380 . 2+8 =2(NH4)2S4dfl. The chemistry of 
the process was dismissed by E. Terres and F. Overdick. F. Bayer and Co. obtained 
suljdiur and .sulphates from sola, containing sulpliites and thiosulpliates by adding 
polythionates and heating the mixture in open vessels ; C, Hansen used a similar 
process. F. Bayer and CoJ also obtained it by heating a mixture of water with a 
sulphite and hydrosulphite in an autoclave at 150 '^ for 4 hrs.: 2 NaHS 08 +Na2803 

- 2Na2S04-f-H20h~8. 

Hydrogen sulphide has been frequently examined as a source of sulphur. In 
C. F. Claus’ process, the gas is mixed with the necessary amount of air, and passed 
over red-hot iron oxide as catalyst, 2H28+02-^-2Ho0+2S. The mixture of sulphur 
vapour and steam passes out of the kiln into chambers where the sulphur is con¬ 
densed. E. E. Naef partially oxidized the hydrogen sulphide with activated carbon 
as cal/alyat. F. Projahn used bauxite, and titanic iron ore as catalyst; and 

O . E. Tyers and J. Hedley, a salt or ore of titanium. 8. E. Liuder oxidized the gas 
with manganese dioxide. 6. H. Hellsing brought the hydrogen sulphide in contact 
with a cone. soln. of sulphurous acid ; W. Feld treated mixed hydrogep sulphide 
and sulphur dioxide with a compound of a metal- zinc, manganese, or iron—pro¬ 
ducing an insoluble .sulphide, which is decomposed by sulphur dioxide alone or in 
the presence of air or an oxidizing agent, producing sulphui*. He also brought about 
the reaction between hydrogen sulphide and sulphur dioxide: 2H2S+SO2 
~-2H20+3S, in the presence of a heavy coal-tar oil at 40 ^^ capable of dissolving the 
sulphur. Modifications of the process involving the reaction between sulphur 
dioxide and hydrogen sulphide were described by P. Fritzsche, L. Bemelmans, 
F. Bayer and Co., S. Norrbin, and R. von Walther. The Badische Anilin- und 
Sodafabrik obtained sulphur from ammonium sulphide soln. The Deutsche 

von. X. o 
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Pet roleum A .G. passed steam or steam mixed with a reducing gas over an alkaline 
earth sulphide at about 1200° ; and the Nurnberg Consortium treated the sulphide 
with chlorine at a high t^mp. until the sulphuryl chloride in the distillate suffices 
for chlorinating the polysulphide formed, which is then decomposed in aq. soln., 
forming the chloride and free sulphur. The Farbenindustrie A.G. described a 
continuous process for recovering sulphur from ammonium polysulphide. M. Malzac 
proposed obtaining sulphur from the sulphides of copper, silver, zinc, cadmium, 
cobalt, and nickel, and simultaneously forming the hydroxides of these metals, 
by the action of ammonia and air: (hio 8 + 04 NH 34 -aIL.O~“ 2 Cu(OH) pS~}-NHjj 
"I (?» - 1 )H 20 . The cuprous r)xide dissolves in the acp ttinmonia. J. Jakobi 
discussed the <'athodic extraction of suljdmr from sul])hides. 

Sulphur can be obtained from sulphates in several w'ays. K. A. Tilghman ® 
])Htented a proces.s in 1847 for making sulphur dioxide by passing steam over 
lieated gypsum ; cahnum oxi<le, sulphur dioxide, oxygen, and a little sulphur 
tim)xide were fontied. A similar process w’^as patented by V. Polony in Austria in 
b"i87. 11. Precht proposed reducing kieserite by heating it with charcoal: 

2 MgS 04 -i-C “-2Mg0+2802+C02. E- H. Riesenfeld showed that the reaction 
in ]»art progresses : MgS 04 +C -MgO+SOo+CO. The re.sidue always contained 
sulphur if less than one at. proportion of carbon W’as present to one of magnesium. 
At 7r>() ’ 850'', tlie best results were obtained with the 1 : 1 proportion ; and at 950 
with tile })roportion 1*5 : 1. The sulphur was obtained as sulphur dioxide with the 
exception of a little free sulphur. If a greater proportion of carbon is used, reduction 
is not conqdete because the molten sulphide then ])rotecta the suli>hate from attack. 
The reduction of gypsum or anhydrite by carbon starts })elow 500° and is rapid 
above 700°, The main reaction is : Ca 864 + 3 C-^ CaS 4 -C 02 + 2 C 0 ; and similarly 
with strontium and barium sulphates. This subject was also studied by F. Weereu. 
The composition of the gas phase is determined by the CO 2 : CO: C-e(juilihrium, 
but with magnesium sulphate there is a disturbance due to the action of sulphur 
dioxide on carbon monoxide. The equilibrium : CaS ~fC 02 =r“CaC 03 “f*H 2 ^ 
cannot be utilized because at 700" the formation of calcium sulphide is favoured. 
Gypsum is dehydrated below 8 (K)°, but at 800°-1000°, the gypsum is reduced by 
methane, Ca 804 +CH 4 -=Ca 8 -i-(X )2 f 2 H 2 O ; above 1100 °, some calcium oxide is 
produced: CaS I H 2 O—OaO f H 28 . Excels of steam favours the removal of 
sulphur at 12fK>°-K5(X)°- Owing to the dissociation of the hydrogen sulphide, 
movst of the sulphur was obtaine<l as sulphur dioxide or free sulphur, the latter 
predominating if only a slight excess of water is used. If steam acts on carbon 
and calcium sulphate at 12 (X)°, the sulphur is converted into sulphur dioxide, and 
the reaction is six times as fast at 1300°. The reducing action of carbon monoxide 
and hydrogen on sulphur dioxide produces free sulphur, so that only 50 per cent, of 
the theoretical amount of sulphur dioxide is obtained even when 850 times the 
theoretical proportion of steam is used. 

J. Zawidsky and co-workers, and W. Dominik studied the thermal decom¬ 
position of calcium sulphite with the idea of utilizing the reaction for the production 
of sulphur dioxide. At 600°, there are the two reactions : 4 CaS 03 ~-CaS+ 3 CaS 04 ; 
and CaS 4 3 CaS 04 ~— 4 Ca 04 ' 4 S 02 . There is a condition of equilibrium in which the 
j)res 8 ure of the sulphur dioxide depends on the temperature. At higher temp., 
there is a further reaction between sulphur dioxide and calcium oxide or sulphide, 
which leads to the separation of sulphur. Above 1150°, the only products of the 
interaction between sulphur dioxide and calcium oxide are calcium sulphate and 
sulphur. The decomposition of a mixture of one part of calcium sulphide to three 
parts of sulphate takes place at tenip. which are much lower than those re<juired 
for the decomposition of pure calcium sulphate. The extraction of sulphur dioxide 
(q.v.) from the sulphates of the alkaline earths was discussed by O. Fuchs, B. Neu¬ 
mann, P. P. Budnikoff, E. V. Tsytovitch, J. H. Frydlender, and H. Molitor. 
W. Althammer showed that magnesium sulphate is quantitatively reduced when 
heated with an eq. amount of carbon at 750°, and a 40 j>er cent, yield of free sulphur 
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is obtained. Even with a fivefold excess of carbon, no majrnesium sulphide is 
obtained, but simply an increase in the yield of free sulphur. The primary reaction 
is according to the equation, MgSO^-fU MgO { SOo+CO. The production of 
sulphur follows the reversif)le secondary reactions: 2(T) 4 -^ 02 -^S-{- 2 C 02 and 
CO 2 +C—2C0. Illuminating gas, hydrogen, carbon dioxide, benzene vajiour, 
acetylene, and producer gases all reduce magn(‘siiim Hul[)hate at 65()^"7(K)‘\ The 
effect of ])roducer gases depends ]>rinci))ally on their hydrogen content. In the 
case of reduction with hydrogen, over 70 jier cent, of the sulphur present is obtained 
in the free state. The Cliemische Fabriken v<>rm Weiler obtained sulphur dioxide 
by heating a mixture of calcium sulj)hate and sulphide: rjCaSO^-ffhH 
--4Ca0“}-4S02. The reduction of sulphates ])y <‘oke, or reducing gases was the 
subject of patents by the Verein ( hemischer Fabriken Mannheim, (\ Puiasehowsky, 
A. Bamback, J. and F. Wceren, A. M. Chance. F. Claus and co-workers, E. Jacob¬ 
sen, A. Vogt, and the Badisclie Anilin- und Sodafabrik. Jt is said that the pre.para- 
tion of 8ul])hur from calcium sulphate was one of the chemical o[)erations rendered 
necessary by the isolation of Germany during the 1914 1918 war. The sulphur 
dioxide obtained from the sulphates is converted into sulphur; as previously 
indicated. 

Crude sulphur may be partially purified l>y melting it in cast-iron vessels, 
skimming off the coarser particles with a ])erfonite(l ladle, and afler standing some 
time to allow the fine particles to settle, pouring ofi the molten sulj)hur into large 
wa)oden moulds to furni.sh the so-called rock-sulphur, or in cvlindrical wooden 
moulds//>//?/e. Roll-sulplinr is usually obtained by distilling the crude 
sulphur, ami ladelling the liquid condensate into suitable wooden moulds. 
C. A. Schliiter ^ described an arrangement for distilling suljihur placed in a series 
of retorts arranged in rows in a kind of reverberatory furnaci*. The head of the 
retort has a beak passing into a receiver outside the furnace. M. Michel heated 
the sulphur in a large cast-iron boih^r and passed th(‘ vapour into a large brick-work 
chainlier, where it cuudenHed as a light, flocculeiit jiowder called //oicm of sulphur, 
or floret sulphuris. Afterwards, as the chamber becomes heated, tine suljiliur may 
collect at the bottom in a fused state, and be drawn off by a lateral ojiening. Usually, 
however, care is taken to prevent the chamber becoming hot enough to melt the 
sulphur. The sublimed sulphur collects on the walls and floor, and only a little 
fused sulphur is found where the neck of the retort enters the chamber. The 
product is then shaken through sieves of about 40\s mesh, and transferred as 
flowers of sulphur to bags or casks. The coarser ])articles, and the semi-fused 
material, are used for other purposes. H. G. Greenish has descrilied the manu¬ 
facture of flowers of sulphur. L. N. Vauquelin .said that .sulphur jiuritied by any oi 
these methods may still retain arsenic sulphide, and bituminous matters, and it 
requires a number of fractional distillations to lower ilie ])roj)()rtion of these 
impurities. G. Osann said that half a dozen distillations give a pro<iuct which 
sublimes without leaving a carbonaceous residue. G. S. Alliright and J. J. flood 
said that sulphur can be freed from organic matter by keeping it for a long time at 
a temp, in proximity to its b.p. The purification of suljihur was the subject of 
patents by F. Boude, A. Walter, E. Rasse-Courbet, E. F. J. Bert, A. A. I’onsoli, 
A. Dementieff, A. R. Hcott and A. Meyer, the Sochde Anoiiynn^ Metallurgique, 
C, Marx, E. Legeler, etc. J. W. Schwab purified suljdiur of a bad colour by melting 
it with finely-divided, active carbon. 

The refined sulphur of commerce is of a high degree of jmrity. C. Mene found 
that the crude sulphur contained 88-7-96'2 per cent, of sulphur soluble in carbon 
disulphide and 1*5-2*! per cent, insoluble in that menstruum; 0*5-1*1 ]>er cent, 
of bituminous matters; 1 *5-5*5 per cent, of sand, or silica ; and 1*8 4*1 per 
cent, of alkaline earth sulphate. Flowers of sulphur may be contaminated with 
adsorbed sulphur dioxide which cannot all be removexl by washing. H. Rfissler 
found that while roll-sulphur is almost free from acids, flowers of sulphur may 
contain 3*142 c.c, of sulphur dioxide per 100 grms,, and some sulphuric aci(l. 
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N. Leonhard observed an acidity eq. to 0'02>-0*25 per cent. H 2 SO 4 . A. Harpf, 
W. Windisch, and N. Leonhard discussed the formation of this acid by sulphur 
when exposed to air, F. A. Fliickiger said that some thiosulphuric acid is always 
present. Fl(»wers of sulphur contains up to 33 per cent, of sulphur insoluble in 
carbon disulphide ; and when first cast, H. 8 t. C. lleville said that that roll-sulphur 
contains a certain proportion of amorjdious sulphur and of sulphur insoluble in 
carbon disulphide ; but this very gradually reverts to ordinary sulphur on keeping. 
This subject was discussed by A. Domergue, and E. Heckel. A. Payeii showed 
that roll-sulphur, heated by itself, and flowers of sulphur, heated in contact with 
w'ater, gave off hydrogen sulphide ; but moist sulphur was found by A. Pleischl to 
give off the gas when heated. J. B, A. Dumas also showed that when sulphur enters 
into combination with the metals it may give off up to 0-1 per cent, of hydrogen ; 
but if the sulphur has been previously fused, only a trace of hydrogen is evolved. 
Hence sulphur may contain hydrogen sulphide, or, as L. Prumer .supposed, hydrogen 
p(TsuIphidc, the hydrogen may come from organic matters, or water ; or it may 
be occluded hydrogen. 

Sulphur made from the spent oxide of gas-works is sometimes quite blackened 
with the so-called bituminous matters present. A. Peratoner found 0*03-2*44 
per cent, of bitumen in ordinary crude Sicilian sulphur, and 5-8 per cent, in dark- 
coloured brimstone. R. V. Hasslinger observed that all the commercial sulphur 
he examined deposited on boiling a precipitate containing iron and carbon. Arsenic 
occurs in sulphur mainly as arsenic trisulphide; this may be partially oxidized as 
arsenic trioxide and, in exceptional cases, as calcium or ferric arsenite. This subject 
ha.s been discussed by H. Hager, F. 0. Steel, J. Brand, H. Schappi, and H. S. and 
M. 1). Davis. No arsenic was observed in sulphur from Texas. Sulphur, parti¬ 
cularly that from ,Iapan, may contain selenium. W. Smith found in Japanese 
sulphur, 0*3-0-8 per cent. As, and 0*045-0*152 per cent. Se. P. Klason found 
1-2 grms. of selenium per ton of Japanese sulphur, and 0*9 grin, per ton in Sicilian 
sulphur. G, V. Browm also found selenium in sulphur from Sicily, Lipari, New 
Zealand, and Hawaii. Sulphur sometimes contains traces of tellurium. Sulphur 
at most contains 2 per cent, of ash, and F. Janda observed up to 0*283 per cent, 
of ash in 30 samples of commercial sulphur. E. Durier observed that in some cases 
the earthy matters present in ground sulphur are adulterants. 

R, Threlfall and co-workers obtained sulphur of a high degree of purity by 
filtering molten sulphur through glass-wool, and then distilling it in vacuo. The 
product has no smell, and it can be evaporated or dissolved in carbon disulphide 
without residue. 

The so-called sublimed sulphur is obtained from the coUec^ting chamber. A. Domergue 
suggested that the term flowers of sulphur should not l)e applied unless the newly-made 
product contains not less than 33 per cent, of sulphur insoluble in carbon disulphide; if it 
contains less than this, it should be called sublimed sulphur. F. Diaoon graded sublimed 
sulphiu* into grisil, ipongea^ grapiUons^ and candt, according to its degree of fineness. The 
gr6sil is the finest grade, and is a pure sublimate collected at a distance from the vapour 
inlet tube, whilst the candi is the coarsest grade, and is collected near the vapour inlet 
tube. Much crude, or imported Sicilian or Louisiana sulphur is reduced to a fine powder 
by f^inding~—groi4nd sulphur. It is graded by sifting. The finest grade obtained by 
pneumatic silting or fanning is called zolfo vetUilcUo. To avoid sparking and explosion 
during the grinding and sifting, A. Walter circulated an inert gas through the plant while 
in operation. H. K6hler recommended reducing the sulphur to a fine powder by dissolving 
it in its own weight of fused naphthalene, and removing the solvent by heat or extraction 
with a solvent. The so-called pUistic sulphur of Imbert, for use in agriculture and vini¬ 
culture, is not the viscous or plastic sulphur indicated in the next section, but is a mixture 
of sulphur with 0 06 per cent, of oxgall. The so-called precipitated sulphur of P. Kulisch 
is not the precipitated sulphur or milk of sulphur indicated below in connection with 
colloidal sulphur, but is a brown or black powder containing only 33 per cent, of real 
sulphur, and 50 per cent, of ferruginous ashes. 
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§ 4, The AUotropic Forms of Sulphur 

Several allotropic formH of sulphur have been reported, and these are 
characterized by differences in the crystalline form, sp. gr., solubility, etc. There 
is also the so-called amorphous sulphur, which, when really non-crystalline, may be 
regarded as colloidal sulphur. There are also tvo varieties of liquid sulphur. 
The general subject was discussed by M. Copisarow.^ The varieties now called 
a-sulphur and jS-suIphur were discovered by E. Mitscherlich in 1825—the former is 
the ordinarj'^ variety and furnishes octahedral crystals belonging to the rhombic 
system, and the latter prismatic crystals belonging to the monoclinic system. 
Natural sulphur, and sulphur crystallized from carbon disulphide, chloroform, 
bromoform—or, according to P. Gaubert, acetylene tetrabromide—or other solvents 
at not too high a temp., furnishes rhombic, octahedral or a-sulphur, or Muthmanu^s 
sulphur I. C. Brame, P. Schiitzenberger, L. Bombicci, 0. Silvestri and G. vom 
Rath obtained rhombic crystals from the molten magma ; R. Brauns said that it is 
easiest to obtain the rhombic form from molten sulphur by seeding the undercooled 
liquid with a rhombic crystal; and J. H. L. Vogt said that the free sulphur in slags 
always occurs in a.ssociation witli the cubic monosulphides. A. Daubroe observed 
this form of sulphur in some cracks in the masonry of the burner of a sulphuric acid 
works at Sirassburg, in which sulphur was melted at a temp, of about ; A. Arzruni 
found some in a mine at Zielcnzig, Brandenburg ; 6. Leonhard, and P. Groth, from a 
gob-fire in the coal-shales of Duttweiler, Saarbriicken ; and F. Ulrich, and A. Brezina, 
from a furnace at Oker, Harz. The crystals in both cases are supposed to have been 
produced by sublimation. H. Erdmann observed some rhombic crystals were 
formed in a vessel in which alcohol and a dye containing sulphur has been kept for 
twenty years. According to L. Ilsovay de Nagy Ilosva, if the sulphur crystallizes 
at a temp, over 12(f ^ it appears in the prismatic, monoclinic form, and below 120®, 
in the rhombic, octahedral form. M. Spica treated calcium polysulphide with 
hydrochloric acid and dissolved the white precipitate in ether and obtained crystala 
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’^\luch L. Maquenne said are really rhombic although they have the prismatic 
form, P. Hautefeuille obtained rhombic crystals of sulphur by repeatedly heating 
and cooling a mixture of sulphur and cone, hydriodic acid in a sealed tube. 
E. R. Ahrens obser\ed that the slow oxidation of hydrogen sulphide dissolved in 
j>yridine or picoline furnished rhombic crystals of sulj>hur. W. Spring observed that 
nionorlinic sulphur passes into the rhombic form under a ])ress. of 5CXKJ atm, ; and 
J. W. Judd, and R. Threlfall obtained a similar result from amorphous sulphur at 
a ])ress. of 0000 atm. E. Kohler studied the rhythmic crystallization of sulphur. 

J. B. L. Rome de risle,^ in 1783, fpund that the crystals, obtained by cooling 
molten sulphur, occ ur en aiguilles jines, divergentes, et rhomhoidales. According to 
E, Mitscherlich, prismatic, monoclmic, or jS-si^phur—or Muthmann’s sulphur n— 
is formed if, say, 500 grms. of sulphur ]>e melted in a clay or porcelain crucible and 
the mass allowed to stand until a surface crust is formed. Long, prismatic, needle¬ 
like crystals of wax-yellow^ sulphur will be found to have growui on the walls of the 
crucible, and on the underside of the crust w^hen the crust is pierced, and the still 
fluid sulphur is poured aw^ay. Hot sat soln. of sulphur in alcohol, ether, and benzene 
were found by C. J. St.C.Deville to give this form of sulj)hur, A. G. Bloxam obtained 
it from soln. in alcohol; E. Royer, and W . Muthmann, from soln. in hot turpentine ; 
and P. Gaubert, in acetylene tetrabromide. The variety obtained l>y W. Muthmann 
by exposing in air an alcoholic soln. of ammonium sulphide was at first thought to be 
/9-sulphur, but later, was found to be another variety—3-sulphur, M. L. Franken- 
heini said that this form of sulphur is produced by sublimation or precipitation at a 
temp, near the m.p. of sulphur—L. llsovay de Nagy Tlosva said above 120^. 
0. Silvestri, A. Oglialoro-Todaro, and P. Groth stated that this form of sulphur may 
occur as stalactites in the craters of volcanoes ; and that it is very quickly trans¬ 
formed into the rhombic variety. W. Haidinger applied the term sulfurite to the 
monoclmic form of sulphur regarded as a mineral. According to W. Muthmann, 
some of the prismatic sulphur described by previous investigators is really a different 
variety of ])rismatic sulphur. Roll-sulphur when freshly cast was found by 
C. J. Fritz^che to be /3-sulphur; and this soon changes to a-sulphur. Under the 
microscope, Aowtts of sulphur has the appearance of smooth, opaque spherules with 
a non-crystalline fracture. The minute drops, condensed from sulphur vapour on 
a glass plate, may remain liquid for days if left at rest, and they finally solidify to 
form smooth globules ; if the drops are agitated, or exposed to light, they solidify 
in a few hours by spreading themselves on the glass plate in the form of opaque 
heimspheres with crystalline points of rhombic-octahedra. If the glass plate be 
wetted with oil, the crystals arc larger and are more quickly formed. L. Frischauer 
found that drops with a diameter below SO/x do not crystallize spontaneously, 
while those over 180^ crystallize in a few minutes. j8-rays hasten the crystalli¬ 
zation of under-cooled sulphur. R. Brauns found that the metastable monoclinic 
sulphur can be kept unchanged for years between a microscopic slide and cover-glass. 

L. Pasteur said that monoclinic crystals can be obtained at ordinary temp, from 
soln. of sulphur in carbon disulphide ; 8. Barilari obtained the crystals of the same 
form by the spontaneous evaporation of a soln. of sulphur in a mixture of alcohol and 
ammonium sulphide ; while D. Gernez found that a supersaturated soln. of sulphur 
furnishes either rhombic or monoclinic sulphur, or both forms simultaneously, if 
the soln. be seeded with a fragment of the desired form. E. Royer said that if a 
hot sat. soln. of sulphur in turpentine be rapidly cooled, monoclinic sulphur is formed, 
and if slowly cooled, rhombic sulphur is produced. In repeating this experiment, 
W. Muthmann found that only the 8-form was produced, if more sulphur was present 
than the turpentine (at 150°) could dissolve. C, J. St. C. DeviUe found that alco¬ 
holic soln. give both forms of sulphur; while benzene soln. furnish first the /8- 
and then the a-fonns. H. J. Debray observed that when a mixture of sulphur axid 
carbon disulphide (2 :1) is heated in a glass tube to 80°", and rapidly cooled,\here 
are produced prisms of the /9-form which quickly pass to thea-form. 

According to E. Mitscherlich, a-sulphur passes into the /S-form in the proximity 



SULPHUR 


25 


of its m.p.; B. C. Brodi(' said hetweeu ICX)'' and 114*5". L. T. Keichcr gave ^5*6" 
for the transition temp. ; I). Gernez, 97*6" ; G. Tammann, 94*f)". K. F. Marchand 
and T. Scheerer found that the crystals of ^-sulphur, when kept a few days at ordinary 
temp, hliow isolated })right yellow, opaque spots which gradually spread themselves 
out so that the mass l»ecomes briglit yellow, opaque, and specifically heavier 
<»wing to the formation of a-sulphur— the crystals are pseudomorphs after ^-sulphur. 
The change is accompanied by the formation of internal fissures. If a-sulphur be 
kept some days at IOC)"--] 10^ it becomes specifically lighter, but the former sp. gr. 
is restored when it is kept at ordinary temp, a few days. The change is a case of 
enimtiotro])k allotropy -ivavrio^, opposite ; rpono^y habit—for, as L. T. Reicher 
showed, it is reversible ; above or below the transition temp, only one of the two 
forms is stable and the other unstable. According to D. Gernez, a-sulphur does not 
[)ass into the /S-forra if heated below its m.p., and yet above the transition temp., the 
transition occurs only when a trace of jS-sulphur is present. When the transformation 
IS suspended beyond its transition point, the sulphur is in a state of what D. Gernez, 
and E. Mallard called la mrfusion crisialline. The passage from^ a- to ^-sulphur 
can be detected at about 97*5", but it varies with the source from which the sulphur 
is obtained, and P. Duhem showed that it depends on the proportion of soluble 
and insoluble sulphur })reaent--it rises with an increasing proportion of insoluble 
sulphur—and it also de]>ends on other physical conditions. C, J. St. C. Deville 
observed that at a low temp., unstable 
monoclinic sulphur is but slowly trans¬ 
formed into stable rhombic sulphur. This 
subject was discussed by E. Cohen. 

1). Gernez measured the effect of temp, on 
the rate of transformation of a- to ^-sulphur 
betw^een 97*5" and the m.p., and of /S- to 
a*sulphur from 95*1" to --23". The results 
in the latter case are shown graphically in 
Fig. 5. K. Brauns, L. T. Reicher, and 
P. Duhem also showed that the efiect is 
dependent on the temp. J. M. Ruys ob¬ 
served that the transformation of a given 
mass occupied twelve days between —36" 
and —15", and ten days between —31" 
and —5", The subject wa.s investigated by S. L. Bigelow and E. A. Rykenboer. 
W. Friinkel and W\ Goez assumed that the transformation originates at a number of 
points and s])read8 outwards, with a constant linear velocity at a constant temp., 
tlie amount of transformation of monoclinic to rhombic sulphur at temp, a little 
above the ordinary temp., and for rhombic to monoclinic sulphur at 100", in unit 
time, increases with the square of the time until the boundaries of the changed 
areas meet, the transformation velocity is then constant, and finally diminishes. 
The curve for the total amount of transformation thhs rises at first with the third 
power of the time, it then gradually flattens, and then falls. For supercooled 
raonoclinic sulphur, the maximum rate of transformation to rhombic sulphur 
occurs at —20". C. Montemartini and L. Losana measured the rate of con¬ 
version from one form to another by means of an* automatic recording apparatus ; 
W. Fldrke described demonstration experiments on the subject. 

P. Duhem said that jS-sulphur which has been kept for some time below the 
transition temp, furnishes a-sulphur which has a rate of transformation to ^-sulphur 
difierent from that which is obtained with ordinary sulphur. R. Threlfall and 
co-workers also said that a-sulphur obtained from ^-sulphur is ^fierent from 
that which is obtained in the ordinary way. As indicated above, this is connected 
with the diflEerent proportions of the soluble and insoluble sulphur present in the 
mixture. The transformation of j8- to a«sulphur is accelerated by the presence of 
a*8ulphur, by contact with carbon disulphide and other solvents, and, according to 
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E. Mitsclierlich, “ by the slightest agitation, even blowing on the crystals/’ 
C. Brume also noticed that the transformation is accjeleruteil by the chemically 
active rays of light. The effect of press, was found l)y 1^. T. Reichcr to be such that 
the transition point is raised 0*05^ per atm. ; and (x Tarnmann found that at higher 
press., p kgrras. per sq. cm., 

P , , , I 12:{ nris st.i iios i:i5o 

Traiteition temp. 1)4 lOO lP 11011° 120 01° 129-91° 140 1° 150 1° 

At 1320 kgrma. per sq. cm., and 150*L’, there is a triple point in which a- and 
^-sulphur are in ecpiilibrium with molten sulphurEig. 6. H. W. B. Rooze- 
boom calculated 400 atrn. press., and 131 ’ for the triple point. Curve PGj, Fig. b, is 
obtained by plotting the vap. }>ress of rhombic sulphur at different temp.; similarly, 
the curve 0^)^, is obtained by plotting the vap. press, curve of monoclinic sul[)hur, 
this variety of .sulphur melts at 12(C ; is obtained by continuing the vap. press, 
curve of the liquid ; the curve (>x^h ihy plotting the transition points of rhombic 
sulphur at different press. ; and the curve 04h^ hy plotting the m p. of monoclinic 
sulphur at different pre.ss. The curves are exaggerated in the diagram. Mono- 
clinic sulphur cannot exist in a stable state at press, higher than that represented by 
the point 0^. The continuation of the curve O^N represents the effect of pre.ss. 
on the rn p of thombic sulphur. In Fig. G, there is the additional complication 
Q corresponding with the two forms of sulphur now 
under consideration. The phase rule enables a very 
clear idea of the conditions of equilibrium to be 
formed. There are here only one component sulphur, 
and four possible phases—.sulphur vapour and 
Hijuid, and rhombic and monoclinic sulphur. When 
the condition of tlie system is represented by a pres.s. 
and temp, corresponding with one of the three triple 
points—Oj, Oo, and 0 ^—the system is univariant, 
and any change in temp, or pre.ss. will lead to the 
suppression of one of the three phases; points on 
one of the curves—POj, etc.—represent 

a univanant system; and points in one of the three 
regions—P(i), QO^N, NO^P —represent a bivariant 

system. Can all four phases exist under any con- 
Sulphur (I)iaRruminatic). ^ 

brium ? According to the phase rule, the variance of such a system will be 
1 —4 |-2-~ -i. Thi.s is an impossible value. Such a system would not be in a state 
of true eciuilibrium. The metastable states are interesting. The curves QO2 and the 
POi meet at a point corresponding with 114-5^". This is the m.p. of rhombic 
sulphur. If the transformation of rhombic to monoclinic were very fast, it would 
be impossible to state the m.p. of rhombic sulphur, because it would pass into the 
monoclinic form before a determination could be made. The upward left-to-right 
slopes of the curves NOq and OjOg correspond with the fact that the m.j). of sulphur 
is raised by increasing press. The converse is true in the case of ice, and in conse¬ 
quence, the corresponding curve with ice slopes the opposite way. 

D. Gernez 3 recognized another variety of sulphur which he called soufre mere. 
It was, however, probably obtained before D, Gernez’s time. D. Gernez obtained 
y-8xilphur mixed with some a- and ^-sulphur from crystallizing molten sulphur— 
melted at 150° and cooled to 90°—when crystallization is initiated by rubbing the 
walls of the glass containing vessel with a glass rod or a platinum wire. R. Brauns 
obtained nacreous sulphur by cooling a drop of molten sulphur at a temp, exceed- 
ing 120° on a glass microscopic slide; and P. Gaubert also obtained it from 
drops of under-cooled liquid sulphur at ordinary temp. W. Salomon supposed 
that the crystals obtained by 0. Biitschli from drops of under-cooled sulphur 
sublimed on to a glass-dip, were y-sulphur. W. Muthmann thought that the labile 
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Kulphur obtained by 0. Lehmann fi:om molten sulphur might be y- or S-sulphur. 
P. Groth supposed it to be y-sulphur. Jt is formed when sulphur is produced by 
certain chemical reaction ; for instance, by the slow diffusion of aq. soln. of sodium 
thiosulphate and potassium hydrosulphate. The yellowish-white crystals have a 
mother-of-pearl lustre, and they are monoclinic with axial ratios different from 
those of ^-sulphur —vide infra. This variety of sulphur is called nacreous sulphur, 
y-SOlphur, or Muthmann’s sulphur HI. It may be noted that the term y-sulphur 
was also applied to a colloidal or amorphous sulphur insoluble in water and in 
carbon disulphide, but the time is ready for another enumeration. Similar crystals 
were made by E. Mitscherlich by saturating an alcoholic soln. of sodium sulphide 
with sulphur; filtering off the clear reddish-colon red supernatant liquid, and, after 
adding a little more alcohol, letting the soln. stand for some time. Needle-like crystals 
of nacreous sulphur grow from the surface of the soln. M. Spica obtained this form 
by treating calcium poly sulphide witli hydrochloric acid ; and the amorphous 
sulphur, soluble in carbon disulphide, obtained by M. Berthelot by treating alkali 
thiosulphates with hydrochloric acid, was probably this variety. Similarly also 
S. Cloez obtained this form by the slow decomposition of sulphur monochloride or 
monobromide in moist air. The product quickly passes into a-sulphur by contact 
with the liquid monochloride, and W. Muthmann found it better to leave a beaker 
of sulphur rnonochloride and one of methyl alcohol standing under a clock glass in 
a warm place. H. W. Kohlschiitter discussed the transformation to rhombic 
sulphur. P. Sabatier, L. Maquenne, and J. H. Walton and L. B. Parsons obtained 
similar crystals by treating hydrogen disulphide with alcohol, ether, or ethyl acetate, 
and also by adding ether to a soln. of sulphur in carbon disulphide. Nacreous 
sulphur was also })repared by 1), Gernez in the following manner : Heat sulphur in 
a sealed tube with benzene, or toluene, carbon disulphide, alcohol, etc., so that 
there is no undissolved sulj)hur in the tube when the tube is hot. Then immerse 
one end of the tube in a freezing mixture formed, say, by dissolving ammonium 
nitrate in cold water. Long, nacreous flakes separate at the cold end of the tube 
and gradually extend into the remaining soln. 

A nuinF>er of reports is not so clear. A. Payen obtained from a hot sat. soln. of sulphur 
in alcohol, benzene, turf)entine, or olive oil, prismatic crystals of what was probably /S- 
Bulphur, and tabular crystals of y-sulphur ; J. St. C. Deville obtained similar crystals 
by cooling between 75^ and 80° a soln. of sulphur in chloroform, alcohol, ether, or benzene— 
some a-sulplmr appears at 23° or 24°, and below 22°, according to W. Muthmann, all is 
a>8ulphur. Only crystals of y-sulphur are formed by heating a soln. of sulphur in benzene 
in a sealed tube at 140'. By raf}idly cooling a hot, sat. carbon di.s\ilphide soln. of sulphur 
in a sealed tube, B. J. Debray obtained only a-.sulphur ; and D. Gernez, using carbon 
disulphide, btmzone, or toluene as solvents, obtained y-sulphur. E. Royer obtained 
a-sulphur by slowly cooling a hot sat, soln. of sulphur in terpentine ; and ^-sulphur, by 
slowly cooling the soln. If boiling tur{>entine be treated wdth more sulphur than it can 
dissolve, and a drop of the soln., sat. at 150°, l>e placed on the object glass of a microscope 
and rapidly cooled, W. Muthmann said that only y-sulphur is formed. M. K. D€»scliamps, 
C. L. Bloxam, C. M. Wetherill, and S. Barilari also reported forms of sulpliur—probably 
y-sulphur—obtained from hot alcoholic soln. 

A fourth modification of sulphur, also monoclinic, is sometimes called tabular 
aulphur^ and also Muthmann’s sulphur IV, or S-sulphur— the old S-sulphur is a 
colloidal form soluble in both carbon disulphide, and water. It is obtained in thin 
tabular crystals, mixed with some y-sulphur, from a soln. of sulphur in an alcoholic 
soln. of ammonium sulphide cooled to 5°. This form passes so readily into the 
adorm that the crystals have not been accurately measured. 

A fifth variety of sulphur, also called rhombohedial or trigonal sulphur, or 
cHnilphur, was obtained % R. Engel by pouring, with continual stirring, one voL 
of a soln. of sodium thiosulphate, sat. at ordinary temp., into 2 vols. of a soln. of 
hydrochloric acid, sat. at and cooling the mixture to about 10"". Sodium 

chloride is precipitated, and the thiosulphuric acid is so far stable that the liquid 
can be filtered. The filtrate is at first colourless, but soon becomes yellow, the 
intensity of the colour gradually increasing, as if a soluble sulphur establishes 
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ecjuiiibrium iu the decomposition of the thiosulphuric acid ; sulphur dioxide is 
evolved at the same time. When the liquid has acquired a deep-yellow colour, hut 
while it is still quite transparent, it is ap;itated with its own vol. of chloroh>rm, 
which becomes yellow, whilst the colour of tlie aq. soln. becomes less intense. If the 
chloroform is allowed to evaporate, orange-yellow crystals of sulphur are obtained, 
quite different from octahedral sulphur. C. Eriedel said that the orange-yellow 
crystals are trigonal, and, with converging polarized light, they show the cross and 
rings of birefringent, uniaxial substances. Tellurium and selenium also crystallize 
in the trigonal form. R. Engel added that the crystals are denser tlian octahedral 
sulphur (sp. gr. ■-=-2-135), and at first are transparent, but in three or four hours 
they increase in volume, and pass gradually into the state of amorphous, insoluble 
sulphur. They melt below 100°, and pass into the condition of the pasty sulphur 
from the thiosulphates and become partially soluble in carbon disulphide, 

C. Friedel reported another form —tnclinic milphur or ^-sulphur -whieli colletjted um n 
sublimate in the upper part of a sulphur vapour bath. The crystals wore said to be very 
unstable and to pass rapidly into a-sulphur. Those observations have nut been verified. 

According to G. Linck and E. Korinth, if a soln. of sulphur in carbon disulphide 
be thickened with rubber or Canada balsam, and allowed to evaporate, the suljdiur 
first appears as a cloud of globulitcs about iyu in diameter. Some of these increase 
in size at the expense of their neighbours. When a crystal is formed it grows in 
the same way, the drops in the vicinity moving towards it being carried by tlie 
stream of the more cone. soln. to the crystal. An unstable, pale yellow, tetragonal 
form, or ^-sulphur, appears in the soln. E. Korinth also observed the same variety 
to be formed from a chlorof(.)rm soln. of sulphur thickened wdth rubber, and mixed 
with a few drops of benzonitrile. This unstable form rapidly })asses into what 
appears to be W. Muthmann’s 8 -sulphur, Another variety of sulpluir, ^-sulphur, 
was obtained from this soln. It forms colourless, rhombic plates which have a 
■weak double refraction. There is also formed a variety, 7 /-salphur» which furnishes 
colourless, doubly refracting, hexagonal plates. Both the and 77 -forms are more 
stable than 8 - 8 ulphur. Excluding the trigonal e-sulphur, and the triclinic 
l^-sulphur, the stability and transformations of the other varieties are thought by 
E. Korinth to follow the sequence of changes : 

0-totragonal—>8-monochuic—>t 7 -monoclmic—>(-monoclimc—> 
7-monoclinic-»)3-monochnic ^a-rhombic. 
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§ 5. Amorphous and Colloidal Sulphur 

A number of varieties of sulphur have in the past been classed as amorphous 
sulphur. The lac sulpliurisy prepared by Geber,i 6. E. Stahl, C. W. Scheele, and 
T. Bergman, is an example of one kind. A. F. de Fourcroy and M. de la Porte 
observed that Veau sulfureiise d'Enghien has un^ odeurhepalique, and when oxidized, 
it becomes turbid. The suspended sulphur is not removed by filtration for la 
liqueur passoU trouble et laiteuse d travers deux papiers. The liquor is irh'-trans- 
parente, and d"unc couleur ISgemeni citrine. C. L. Berthollet added : par ^addition 
d'un set, tel que le muriale de sonde le prkipite seformoit promptemevt et la liqueur 
restoit daire. Analogous observations with respect to the sulphur produced by 
the oxidation of a soln. of hydrogen sulphide were made by M. le Veillard, J. J. Ber¬ 
zelius, J. W. Dobereiner, J. Persoz, J. Dalton, etc. M. Berthelot reported a 
variety soluble in carbon disulphide to be formed by the action of hydrochloric 
or sulphuric acid on alkali or alkaline earth polysulphides, by the spontaneous 
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decomposition of hydrogen polyanlphide, and by the slow oxidation of a soln. of 
hydrogen sulphide in air. If the poly sulphides are oxidized by ferric chloride, 
nitric acid, etc., part of the sulphur is insoluble in carbon disulphide. H. R. Brown- 
lee showed that when a soln. of calcium or sodium polysulphide is treated with 
cone, hydrochloric acid, the precipitate contains a small proportion of insoluble 
sulphur, but with acetic or dil. hydrochloric acid, insoluble sulphur is not 
produced. It is found that the so-called “ soluble " or “ soft, amorphous sulphur 
precipitated from polysulphidea is not amorphous, but crystalline. D. Gernez, and 
E. Petersen consider that this form of sulphur i.s not essentially different from 
ordinary sulphur ; and W. Muthmaiin, that the crystals first formed are y-sulphur. 
8. Cloez thought that sulphur precipitated from acid or alkaline soln. was respec¬ 
tively soluble or insoluble ; but H. K. Brownlee showed that freshly precipitated 
sulphur consists entirely of insoluble sulphur and that the reversion to soluble 
sulphur is retarded by the contact action of the acid or halogen in the liquid. 
The proportion of insoluble sulphur which overcopies this tendency to revert 
depends on the concentration of the acid or halogen employed. 

The so-called 7nilk of sulphur, or lar sulphuri^t is obtained from cold aq. soln. containing 
hydrogen sulphide--c.f/. C. F. Jhicholz, and H. W. F. Wackenrodor used aq. soln. of a 
preparation containing allmli or alkaline earth polysulphide. ()ne ot these liquids is allowed 
to stand a few days, filtered, diluted with water, and the sulphur precipitated by adding 
sulphuric, iiydrocldoric, or acetic acid in small portions at a time with constant stirring. 
If acid be added in excess, ordinary yellow auiphiir will }>e preiipitated along with the 
white or grey milk of sulphur. T, Thomson thought that milk of sulphur is hydrated, but 
C. F. Bucliolz, and G. Kisehof found that this is not the case. W. 8pung, however, regarded 
oolloidal sulphur as a hydrate Sg.H jO. J d. Berzelius found tliat some hydrogen sulphide, 
not water, is given off in drying ,* and H. Bose inferred that milk ot sulpliur is a eompound 
of sulphur and hydrogen sulphide or polysulphide I'lecause the amount evolved on drying 
IS constant ; the polysulplnde cannot be removed by W’aishing ; and milk oi sulpliur is 
formed only from liquids containing hydrogen sulphide. H. HOssler observed that milk of 
sulphur always contains some thiosulphiiric acid ; L. iTunior, some hydrogen polysulphide, 
wliich is gradually diM^omposed by washing ; and G. Osa-nn, some admixed carbon. 

Aiiotl\#>r form of amorphous sulphur is sai<l to be a variety invsolubic in carbon 
disnljihide ; it is converted into the insoluble form by repeated dissolution in 
carbon disulphide and evaporation. C. J. 8t. C. Deviile, R. Weber, M. Berthelot, 
and F. Selmi and G. Missaghi found that it is formed along with an insoluble form 
by many of the methods indicated below. G. Magnus and R. Weber obtained it by 
strongly heating and rapidly cooling ordinary sulphur, and extracting with carbon 
disulphide. The a-sulphur crystallizes out first, and there remains this variety in a 
form which they called kruwliqen SchwefcL It is doubtful if this is a specific 
variety ; rather is it a mixture of sulphur soluble and insoluble in carbon disulphide. 

There is a variety of amorphous sulphur which is insoluble in carbon disulphide, 
and which has been called y-sulp/mr, but that term is here used for a variety of 
crystalline sulphur. The varieties of so-called amorphous sulphur just indicated, 
as ]>ciiig solulile in that menstruum, are probably not specific individuals, but’ 
rather mixtures of two or more other varieties. The insoluble, amorphous sulphur 
is generally regarded as being the/i-form of sulphur discussed below ; and soluble, 
amorphous sulphur as the A-form. In all the methods of making insoluble, amorphous 
sulphur, some soluble sulphur is formed at the same time, and this is removed by 
extraction with carbon disulphide, leaving insoluble, amorphous sulphur as a residue. 
This variety is produced in numerous ways. It was prepared by E. Mitscherlich,^ 
G. Osann, C. J. 8t. C. Deviile, B. C. Brodie, R. F, Marchand and T. Scheerer, 
E. Petersen, B. Rathke, M. Topler, and A. Smith and W, B. Holmes by pouring 
sulphur, melted at a high temp., into cold water, and, after some days, extracting the 
product with carbon disulphide. A. Lallemand obtained it by exposing a cone. soba. 
of sulphur in carbon disulphide to sunlight; M. Berthelot found that the electric 
light acted in the same way, and that hydrogen 8ul})hide in the soln. retards the 
change. Solid sulphur in sunlight does not suffer this change. Some insoluble, 
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amorphous sulphur is formed when sulphur vapour is condensed in air, and flowers 
of sulphur, as previously indicated, contains some of this variety. The reaction 
was examined by V. J. 8t. C. Deville, and M. Berthelot, As show^n by F. 8elmi, 
F. Sestini, W. Muller, C. F. Cross and A. F. Higgin, and M. Berthelot, it is formed 
when sulphur vapour is condensed in water or in steam ; and, according to J. Gal, 
when sulphur vapour is condensed on the surface of a cold liquid such as water, 
(lil. nitric acid, dil. hydrochloric acid, or a soln. of sodium hydroxide, plastic sulphur 
is formed in thin ])ale-'yellow j>late8 which under the microsco})e are seen to be 
formed of transparent, rounded grains. The plates consist of a mixture of soluble 
and insoluble sulphur ; if heated at KX)*^ for an hour, 13-6 per cent, remains insoluble 
in place of the 0-3 })er cent, in the case of ordinary plastic sulphur, and 23 per cent, 
in the case of ilowers of sulphur. The proportion of insoluble sulpliur in plastic 
sulphur formed from vapour varies wdth the conditions, and esj^ecially with the 
temp, of vaj)irization. The percentages of insoluble sulphur at various temp, 
above 21KV are : 

2 . 10 " 245 '* 260 ® 2 ^ 0 ® 30 . 5 “ 320 ® 

Insol. 8ol 18 22 25 28 31 34 30 37 

Water, nitric and hydrochloric acids, and soln. of sodium and potassium hydroxides 
and sulj)hurouK acid at O'" give practically the same result, the product containing 
45 ])cr cent, of irwoJuble suljihiir. With sulphuric acid, the pro]>ortion of insoluble 
sulj)hur i.s as higli as 75 })er cent., whilst with ammonia it is as low as 15 per cent. 
In the last case the product is not soft, but forms brittle plates. There is, however, 
no relation between the elasticity of the product and the proportion of insoluble 
sulphur that it Cfuitains ; the sulphur condensed on the surface of a block of ice is 
very elastic, but only 20 ])er cent, of it is insoluble. For one and the same con¬ 
densing liquid, the proportion of insoluble sulphur is higher the higher the temp, 
of the sulphur vay)our. With sulphuric acid and sulphur vapour at 3(Kf, a varia¬ 
tion in the temj) of the acid between 0° and IBO"" has no influence on the insolubility 
of the product. With sulphur vapour at 440^ and sulphuric acid, or with sulphur 
vapour at 300'^ or 440^ and water, or liquid sulphur at 440"* and water, the proportion 
of insoluble sulphur in the product is higher the lower the temp, of the condensing 
liquid. If the flame of hydrogen sulphide or carbon bisulphide is allowed to impinge 
on the surface of a cold liquid, the hydrogen or carbon burns before the sulphur, 
and the latter is condensed in a plastic condition. M. Berthelot obtained insoluble 
amorphous sulphur by the actioU of, say, 15-20 vols. of wat4?r on sulphur mono¬ 
chloride or bromide frequently shaken for about six days—E. Petersen used a 
dil. soln. of sodium carbonate. M. Berthelot decomposed thiocarb<'ayl dichloride 
with a dil. soln. of sodium carbonate ; and by extracting the t ^-called sulphur 
monoiodide with carbon disulphide either at ordinary temp., or at SO'^-lOO'^, 
M. J. Fordos and A. Gelis, and M. Berthelot obtaine<l this form of sulphur 
by the action of hydrochloric acid on a soln. of sodium thiosulphate; and 
M. Berthelot also used sulphuric and sulphurous acids. M. Berthelot also 
obtained this form of sulphur by the action of an acid on potassium tri- 
thionate, sodium tetratbionate, or pentathionic acid ; by the eleotrolysi.s of sul- 
])huTOUs acid, and by heating sulphuric acid to 16(F-180° in a sealed tube; 
H. W. F. *Wackenroder, A. Sobrero and F. Selmi, M. J, Fordos and A. Gelis, S. de 
Luca and J. Ubaldini, and M. Berthelot, by the action of hydrogen sulphide on 
sulphurous acid ; M, Bertlielot, by the action of sulphur dioxide on soln. of alkali 
sulphides; and by the electrolysis of cone, sulphuric acid or by the action of hydro¬ 
gen sulphide or phosphine on that acid. E. Munster, and E. Mulder obtained it 
by the action of hydrogen sulphide on fuming nitric acid; W. R. E. Hodgkinson, 
by the action of hydrogen sulphide on chlorine, bromine, or iodine ; and F. Selmi, 
on nitrogen tetroxide, nitric acid, aqua regia, and soln. of ferric salts; F. Selmi 
and G. Missagi, on sulphur monochloride; and M. Berthelot, on chromic acid, 
P. Sabatier obtained it by the action of a sat. soln. of hydrogen sulphide on hydrogen 
polysulphide, and M. Berthelot, by the action of fuming nitric acid on metal 
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sulphides. Nitric acid, or sulphur dioxide, acts on molten sulphur above 115®, form¬ 
ing some insoluble, amorphous sulphur. M. Dietzenbacher found that by heating 
400 parts of sulphur with one part of iodine or potassium iodide much insoluble siib 
phur is produced ; bromine acts at 2(X) \ and chlorine at 240°, producing respectively 
75-80 per cent, and 65-70 per cent, of insoluble sulphur. According to A. Wigand, 
when liquid or dissolved sulphur—with benzene or carbon tetrachloride as solvents 
—is exposed to light, the insoluble sulphur which separates —S;x—is in the colloidal 
state. The change of soluble sulphur— Sa —into insoluble sulphur on exposure to 
light is reversible, and a true photochemical equilibrium is attained, both in the 
case of liquid and dissolved sulphur. The position of equilibrium and the rate of 
change depend on a number of factors, such as the temp., rate of stirring, nature 
of solvent, extent of surface exposed to light, etc. J. Amann found that under 
the influence of light, soln. of sulphur in carbon disulphide, carbon tetrachloride, 
benzene, amyl alcohol, or turpentine, show considerable changes in the ultra- 
microsco]>ic character of the solutions. The transition from the amicroscopic to 
the micellary condition diminishes in velocity as the viscosity of the dispersive 
medium increases. The adsorption of the particles by the glass walls of the 
containing vessel decreases simultaneously. 

According to K. Schaum, ail kinds of sulphur, which are insoluble in carbon 
disulphide, are amorphous, and when pure furnish flocculent powders. M. Berthelot 
found that th«‘se forms of sulphur very slowly pass into the a-form, for flowers of 
sulphur which has been kept 50 years still contains some insoluble sulphur. The 
change to the stable a-furm is rapid with this and all other varieties of sulphur when 
heated above the m.p. and slowly cooled ; and if heated to 110 -120° for some weeks 
in contact with soln. of alkalies, alkali sulphides, or hydrogen sulphide. U. J. St. 
(\ Deville found that insoluble sulphur is very slowly transformed into soluble 
sulphur at 60''-70''' ; and A. Smith and W. B. Holmes observed that a sample with 
2*8 per cent, of insoluble sulphur when kept 10 hrs. at 70 , contained only 0-57 per 
cent., and none when treated similarly at 1(X)^. M. J. Fordos and A. Gelis, G. Magnus, 
M. Berthelot, B. C. Brodie, and R. Weber also noticed that the transformation readily 
occurs in contact with water at 100° or by simply heating the insoluble sulphur to 
that temp. M. Berthelot said that the insoluble sulphur prepared from thiosulphates 
is least stable towards heat, and passes into soluble a-sulphur most rapidly. At 
first, the transformation with the insoluble variety of sulphur prepared from sulphur 
monochloride proceeds more quickly than is the case with that obtained from flowers 
of sulphur , but after 15 minutes, the transformation with the variety obtained 
from sulphur inonochloride proceeds most slowly. M. Berthelot found that contact 
with iodine, sui] !iur monochloride or bromide, or with fuming nitric acid, favours 
the transformation of the less stable insoluble form into the more stable a- or 
soluble form. K. Bchaum, and A. Smith and W. B. Holmes observed that contact 
with carbon disulphide favours the transformation of insoluble into soluble sulphur. 
K. Schaum supposed that there is a state of equilibrium between the two forms in 
the presence of carbon disulphide as is shown by the passage of a-sulphur into the 
insoluble form by exposure to light. According to F. W. Kiister, when soluble 
sulphur is heated in vacuo at 141*7®, about 5-2 per cent, of insoluble sulphur is 
formed, the amount formed being independent of the time; after 1 hour, this 
amount is approximately the same as after 16 hours. When heated at 183®, the 
amount of insoluble sulphur is also independent of the time, and also apparently 
of the temp., since about 6 per cent, of insoluble sulphur was obtained. AVhen 
heated at 448® for 15 minutes and then gradually cooled, 1*8 to 3*3 per cent, of in¬ 
soluble sulphur is formed ; when, however, the molten sulphur is suddenly cooled 
by plunging into cold water, 30*9 to 34*2 per cent, of insoluble sulphur is obtained. 
The formation of the insoluble modification and the converse formation of soluble 
sulphur take place, therefore, with extreme rapidity, so that the amount of in¬ 
soluble sulphur which is present after crystallization is not dependent on the temp, 
and time of the heating, but on the rate of the crystallization and the temp, at which 
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it takes place. A sample of insoluble sulphur which has been kept for 5 months, 
when treated with carbon bisulphide, gives the same percentage of soluf)le matter 
as when freshly prepared. On evaporating the solution, the sulphur separates in 
solid drops which show no signs of crystallization under the microscope, but give 
evidence of crystallization when subjected to polarized light. This sulphur is not 
completely soluble in carbon bisulphide, so that the “ insolublemodification, 
when dissolved, is not completely converted into the soluble modification. Hence, 
it is concluded that the soluble and insoluble modifications have different molecules 
in soln., that they are not only physical isomerides, but chemical isornerides, having a 
relation to each other similar to that of ozone to oxygen. According to W. Spring, 
at 8000 atm. press., the insoluble part of flowers of sulphur passes into the a~forru 
at ; K. Threlfall and co-workers also noticed that when the insoluble form 
of sulphur is subject to press., it passes into the soluble form. L. Troost and 
P. Hautefeuille found the sp. gr. of soluble sulphur to be 2*046 ; E. Petersen, 1*87 ; 
B. F. Marchand and F. Scheercr, 1*957--1*961 ; C. J. St. C. Deville, 1*919 "1*928 : 
B. Bathke, 1*91-^1*93; G. Osann, 2*027; and M. Topler, 1*849 at 40 -50". 
M. Topler also found that if the sp. vol. of liquid sulphur at 120" is unity that of 
insoluble sulphur at 30" is 0*903 ; at 60", 0*979 ; at 120", 0*995 ; at 140", 1*001; 
at 160", 1*007 ; at 180", 1*014 ; and at 2(X)", 1*021. The coeff. of thermal expan¬ 
sion is 0*0003A)*0004 at 30". M. Berthelot observed that the passage from the 
insoluble to the soluble form is attended by a rise of temp., and that this is due 
to the insoluble sulphur posusessing a greater sp. ht. than a-sulphur. The heats of 
oxidation of both forms is 69*1 Cals. K. Petersen gave 71*99 Cals, for the insoluble 
amorphous form, and 71*99 Cals, for ordinary a-sulphur. P. A. Favre showed that 
the heat of oxidation of insoluble sulphur to sulphuric acid is less than is the case 
with a-sulphur ; and is such that an eq. of a-sulphur develops 2102 cals, in passing 
to insoluble sulphur ; while the passage of an eq, of oily sulphur from thiosul]>hate 
develops 3102 cals, in passing to insoluble amorphous sulphur. P. A. Favre and 
J. T. Silbermann found that sulphur recently melted and crystallized has a higher 
heat of oxidation than that which has been crystallized for a long time. 

M. Berthelot assumes that the sulphur present in different compounds is in a 
different state— e.g. the sulphur in the alkali polysulphides is said to be piesent in the 
soluble form; whilst in the thiosulphates and sulphur monochloride, it is in the in¬ 
soluble state; and that sulphur is soluble when present as an electronegative element, 
and insoluble when electropositive. He considers that this is shown by the inodes 
of formation of the different varieties of sulphur, as well as by the electrolysis of an 
aq. soln. of hydrogen sulphide where only soluble sidphur appears on the positi\e 
pole ; and in the electrolysis of sulphurous acid, almost insoluble sulphur collects 
on the negative pole. The soluble sulphur is said to unite more readily wdth the 
metals than does insoluble sulphur, but P. A. Favre found that the insoluble sulphur 
is oxidized more readily by hypochlorous acid than a-sulphur. S. Cloez does not 
agree with M. Berthelot since he found that insoluble sulphur unites more rea<lily 
with iron and mercury, and with nascent hydrogen produces more hydrogen sulphide 
than does soluble sulphur. Pie supposed that sulphur separates from all com¬ 
pounds in the insoluble form, and that it is transformed by the surrounding liquid 
into more or less soluble sulphur. L. Faucher found that when flowers of sulphur 
is boiled with a soln. of sodium hydrosulphite, the insoluble form of sidphur is the 
first to dissolve; F. Bellamy also found that the insoluble form of sulphur gives 
more hydrogen sulphide when boiled writh a soln. of sodium sulphite and it is dis¬ 
solved more quickly. W. Schmitz-Dumont said that both kinds of sulj)hur give the 
same amount of hydrogen sulphide, but the insoluble form does dissolv,? more 
quickly. W. Miiller-Erzbach showed that insoluble sulphur is oxidized b> potas¬ 
sium permanganate more quickly than is the soluble form ; and M. Berthelot, that 
the insoluble sulphur is more active in forming trithionio acid than is the case with 
a-sulphur. 

A variety of sulphur, called black sulphur, or metallic sulphur, was rejorted by 
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(jJ. Magnus/ and F. Knap[). It is said to l»e formed when Bulphur is repoato<lIy heated to 
ul>oiit 300'^ and abruptly ruoled. Magnus called the pmduct rotm otlcr Hchwarzcn 
Schwefeh Ho also obtuimMl jt by melting together equal parts ol sodium carboimte and 
sulphur, since it is (considered that liver of sulphur owes its coloration to this form of sulphur. 
The rod, insoluble residue romaining when the liver of sulpimr is treated with a soln. of 
I>ota88iuin cyanide, wasliod and dried, is supposed to b<.> black sulphur. When viewed in 
tlun films hy transmitted hglit, black sulphur appears intensely blue, and it imparts a 
blue colour to fused salts—borax, sodium and potassium chlorides, sodium sulphate, etc. 
JE. Mitscherlich considered black sulphur to bo ordinary sulphur coloured by admixed organic 
matter, and he showed that the pieaenco of 0-002 part of fat is able to colour rod a thin 
layer of sulphur, and a thick mass, black. Cl. Magnus, J. Moutier and M. X>ietzenbachor, 
and A. Keller showed tliat num<’‘rous organic substances l>eHide8 fat and metal sul¬ 
phides will do the same thing when heated to 300'. H. 0. Jones found that black siiljiliur 
remained as a residue wlicn sulphur is bui-nt in air. (». Magnus and K. Welwr, and F. Knapp 
regai-ded black sulphur as a s{>ecial nioditicalion of the element. H. Biltz and G, Prouner 
allowed that a black rcisidue minaiiLS when sulphur is distilled, and K. von Hasslinger 
found that this residue is not the same as black sulphur siiK-e it contains an iron 
carbide formexl by distilling biilphur with iron and a hydrocarbon, but not wdth iron alone. 
M. C. Schuyt>en assumed tliat Schwejel sidi bci langHatticr Vcrbrvnnung an dcr Luft teilweittc 
in Kisen vcrwandeU, B. Neumann found black sulphur occurring native in Mexico, and 
conc’iuded that the so-called black sulphur is not an allotropic modification, but ordinary 
yellow sulpliur coloured black by small (juantities of carbon or of metab -iron or platinum- - 
sulphides. He said that the proaeneo of carbon in the black sulphur is explicable on the 
assumption that the hydixicarbons in the volcanic exhalations from which the sulpliur is 
deposited do not come into contacit with sufficient air for complete combustion, with the 
result that carbon is deposited. The micropliotographs of black sulphur show the presences 
of sulphur and amorphous corlion side by side. (5. Magnus supposed that black sulphur 
is the cause of the dark colour tissumed by viscid or plastic sulphur. W. Muthmann 
suggested that black sulphur is the metallic form corresponding with metallic tellurium 
and selenium (q.v.), and if so it sliould crystallize in the trigonal system. 

According to F. Wohler, K. Weber, F. C. and A. Vogel, and J, S. (\ Schweigger, 
if a cone. soln. of ferric chloride be mixed with 50-100 times its vol. of a soln, of 
hydrogen sulphide, the liquid assumes a deep blue colour— blue sulphur. II. Schiff 
added that if a soln. of liver of sulphur be added to the ferric chloride soln., violet- 
coloured sulphur is formed, while if the ferric chloride soln. be added to the 
other soln. drop by drop, the colour passes from green to dark blue— vide infra^ 
sulphur sesquioxide. J. W. Dobereiner noticed the blue colour of the colloidal soln. 
of sulphur obtained by oxidizing a soln. of hydrogen sulphide. A. Muller and 
H. Dubois obtained the blue colour when preparing carbon tetrachloride by the 
reaction: CS 2 -| 2 S 2 Cl 2 ""CCl 44 3^2 in the presence of ferric chloride ; with aluminium 
chloride, the colour is darkened ; and with cadmium chloride, green. C. J. Gil 
obtained a blue coloration when alcohol or acetone acts on ammonium, sodium, 
or calcium polysulphide. C. Geitner obtained an ephemeral blue colour on heating 
sulphurous acid and barium or strontium carbonate in a sealed tube at ; 

by heating sulphur with water and hydrogen, metallic zinc, or aluminium hydroxide ; 
and by heating an aq. soln. of hydrogen sulphide to 200® in a sealed tube—on cooling 
the blue colour disappeared. In general, the blue sulphur appears at the moment 
sulphur is formed ; N. A. Orloff found t^t when a benzene soln. of sulphur mono¬ 
chloride acts on metal sulphides—especially bismuth trisulphide—a green, 
amorphous powder is formed which is not soluble in any solvent—water or acids 
—excepting carbon disulphide, to which it imparts a pale green tint. Uranyl 
sulphide, platinum disulphide, and silver sulphide give similar results with sulphur 
monochloride. Cadmium sulphide and sulphur monobromide boiled with toluene 
also yield blue or green sulphur; but with sulphur iodide, no such reaction ixjcurs. 
Smaller yields are obtained if no solvent is us^. Among the conditions of forma¬ 
tion of this modification of sulphur, the most striking feature is the influence of dis¬ 
sociation on the incompleteness of the reactions by which it is formed. Such 
reactions are that of ammonium sulphide on alcohol or acetone. According to 
E. Patemo and A. Mazzucchelli, when 95 per cent, alcohol is mixed wiA traces of 
jwlysulphide there is produced a blue, and with iar^ quantities a green, colora¬ 
tion, but only when the alcohol is heated ; in the com, the liquid assumes a yellow 
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folour. Tlie reaction is sharper with 2 >otassiuin or sociuim [xjlysuli^hitle witli 
the ammonium compound, but, in any case, tlio coloration is only transitory. 
With acetone the colorations are more intense and more j)Ci‘Mstciit, the best results 
(>emg obtained by adding an alcoholic soln. of potassium polysu1[»hid(' to boiling 
acetone ; ev^en in the cold these solutions give a blue toloration, ]jut this changes to 
green and ultimately to yellow with less quaiititie.^ of the polysulphide than when 
boiling acetone is employed. The view that these colorations are due t(j a limited 
decornjiosition of the polysiilphide is supj)orted by the o}>st‘rvati()ns that intense 
and mod(‘rately jiersistent cadorations are obtained with basK*. solvents such as 
pyridine, ethylamine, and allylamine, A^hich are able to form saline comjioimds 
with persulphuric acid, whilst with water, the most liighiy dissuciating solvent, no 
coloration is formed, it is also jirodueed by the action of heat on potasMum 
thiocyanate. Thus, according to E. Paterno ami A. Mazziic'chelii, when ]>ota-Mum 
thiocyanate is heated, it melts at J72-3' to a co]ourl(*ss li(|uid, which begins to turn 
blue at 430^^^, the colour gradually deepening to an intense indigo if this temperature 
is maintained. When the salt is cooled, the colour begins to fade at about 
but only disapjiears comjiletely in the neighliourhood of the in.]). If the blue lujiiid 
is maintained at above it changes to an opaque, incandescent, led licpiid, Imt 
again becomes blue immediately on cooling ; even at this tenijc tluTC is no dp])ieci- 
able separation of free sulphur, although the thiocyanate rcdains a yellow colour 
after cooling. When heated in a current of oxygen at above 400 ', potassium thio¬ 
cyanate loses in weight rajudly, siil])hate and polysiilphide being formed. The 
reaction wa.s also studied by W. JL Giles, and J. Milbauer, Green sulphur merits 
when heated and burns in air to an inajipreciable residue ; and it has all the 
properties of preci])itatcd sulphur. The green powder loses its colour w'hen dried 
or w^hen acted on by Avater, alcohol, or ether, and it can be kept only und(*r benzene, 
toluene, carbon disulphide, or olive oil. When placed under commerciul xA'lem*, 
it acquires first a blue and afterw^ards a red tint. When lu'ated with persulphuric 
acid, the latter acquires a yellow colour ; green sulphur is oxidized by hot mine m hi. 
P. P. von Weimani found that a soln. of sulphur in glycerol or ethylene glycol is 
colourless, but when heated to IGO’, it becomes clear blue, the dejith of colour in¬ 
creases Avith rise of tem]>., and Avith the cone, of the suljihur. The colour is not due 
to an oxidation product in the solvent because it is not altered when oxygen is 
expelled by hydrogen or carbon dioxide. Acids- boric acid—completely inhibit 

the colour, but the smallest addition of alkali suffices to intensify it to an indigo-blue. 
Methyl, ethyl, projiyl, butyl, and amyl alcohols give either colourless or yellow i'>h- 
green solutions of sulphur, but if a little alkali or alkaline-earth oxide be added, a 
blue or greenish-blue soln. is obtained. Similar results are given with acetone and 
even with water. Ammonium polysulphide soln. at certain dilutions, and sulphu r dis¬ 
solved in fused })otassium thiocyanate or potassium chloride, show the same colour. 

According to Wo. Ostwald and K. Auerbach, cryoscopic measurements with 
the clear blue solutions of sulphur in pyrosulphuric acid show the mols. to be 
diatomic. It is to be assumed that blue soln, in other solvents hot glycerol) 
also contain the sulphur in this form, which is thus much more highly dispersed 
than in most organic solvents in which the mols. are octatomic. There are two 
series of sulphur soln. of varying degrees of dispersion and varying colour. One 
is obtained, e.^., by the progressive dilution of pyrosulphuric acid-sulphur soln. 
with water ; and the second, ^.< 7 ,, by the decomposition of thiosulphates with acid. 
The first scries begins with the highly-dispersed mols. and passes through the 
colloidal range to coarse dispersions. The second begins at the smallest colloidal 
particles and finishes also at coarse suspensions. The colours of the first series start 
at pure ultramarine blue and pass to green, then to opalescent yellow, red, violet, 
then to a very turbid and impure blue and green, and finally to yellow, macroscopic 
sulphur. In the second series, the latter colours are more readily reproducible. 
They commence Avith the opalescent yellow and thereafter follow the same order. 
Sulphur sola, with sufficiently wide variations of dispersion thus pass through the 
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visible spectrum twice, and thus furnish a colloidal analogue to the colours observed 
by J. Piccard with organic compounds. The colour changes are produced by 
the movement of three absorption bands. In molecularly dispersed ( 82 ) sola., 
two of these bands are in the ultra-vdolet, and one in the visible spectrum. With 
decreasing dispersity, the bands shift towards the longer wave-lengths. 
N. A. Orlolf infers that a blue modification of sul]jhur really exists, that it appears 
green when mixed with yellow sulphur, and that it is very unstable, being able to 
exist at the moment of its formation in certain reactions, and in a peculiar state of 
fixation in some inorganic or organic compounds. Thus, bismuth, zinc, or cadmium 
sulphide furnishes a green sulphur which dries w hite, and 'which is associated with 
a little of the metal chloride. H. Moissan observed coloured soln. were obtained 
with sulphur and liquid ammonia and likewise also A. Stock and M. Blix. 

J. Hofmann suggested that the blue colour of a soln. of disulphur trioxide in cone, 
sulphuric acid, observed by C. F. Bucholz, is due to the presence of a trace of colloidal 
sulphur. Wo. Ostw^ald obtained coloured soln. of sulphur by putting pieces of 
ordinary sulphur in boiling glycerol. H. E. Liesegang obtained a blue soln. by the 
action of citric acid on a gelatinous soln. of sodium thiosulphate. If the reaction 
goes too slowly, the colour disappears. The phenomenon is attributed to the Ixigh 
degree of dispersion of the precipitated sul])hur. Coloured soln. of sulj)hur in boric 
oxide, phosphorus pentoxide, }>otassium thiocyanate, potassium cyanide, and glycerol 
were observed by J. Hofmann ; and in ethyl alcohol and acetone, by E, Paterno 
and A. Mazzucchelli. C. Geitner also referred to the colour of some minerals— 
celestiiie, heavy spar, flint, hauyne, etc —supposed to he due to the blue modification 
of sulphur. C. Geituer, and G. N. Lewis and co-workers observed that when 
sulphur is heated in quartz with dil. neutral or shghtly alkaline soln. of non-reacting 
salts such as potassium chloride, sodium sul})hate, magnesium sulphate or potassium 
OTthophos[»hate, a blue colour of the shade of indigo appears, and is first noticeable, 
in tu})C of 0*5 cm. diameter, at about 130 . T}h‘ intensity of the colour increases 
rapidly with the temp. On cooling, the (‘olonr dhsaj>pears and milky sulphur is 
precipitated. Pure water in quartz gives no (olour with sulphur, but in glass 
the colour appears, owing doubtless to the dj.-^solved alkali. In the presence of acid 
this colour docs not appear. A. Colson, and J. ii, Senderens made some observations 
on this subject. N. A, Orloff likens the formati»>n of ]>lue sulphur by oxidizing 
hydrogen sulphide wuth ferric chloride soln. t»> the formation of ozone by oxidizing 
water with fluorine; it w^as suggested, solely by llie analogy with this reaction, 
that, like ozone, O 3 , the mol. formula is S 3 , and this hypothetical compound 
has been called tbiozone. The analogy is a j)Oor one. The argument has 
been supported by the observation that sulj)hur in cerfain combinations pro¬ 
duces an intense coloration as in the tbiozonides of H. Erdmann. E. Paterno 
and A. Mazzucchelli added that the properties of blue sulphur and ozone allow of no 
such analogy being drawn. They also found that w hen sulphur is vaporized in a 
transparent, quartz vessel, it is seen that it has at first a deep, reddish-yellow 
colour, which, at^higher temp., becomes very faint, and is ultimately replaced by a 
characteristic, pale-blue colour, this disappearing w hen the vapour cools. The same 
blue colour is observed when sulphur is volatilized in an atmosphere of carbon 
dioxide, but not when an atmosphere of sulphur dioxide is employed. N. A. Orloff, 
and F. Knapp regard the blue colour of ultramarine (q.v,) as due to the presence of 
sulphur in a special state of aggregation, a view not held by some workers because 
the blue colour is retained at a red-heat. This subject W’as also discussed by 
J. Hofmann. 

0. C. M. Davis and F. W. Rixon associate the chromogenetic properties of jsulpbur 
with the energy of combination, and more particularly with the energy left 
imabsorbed from the gross energy of the system, though in the case of sulphur 
itself, the variations in colour may be due to the sizes of the particles, and variations 
in intermoIecuJar structure. The colour of ordinary sulphur and of plastic sulphur, 
and of the polysulphides; the yellow sulphur mono* and di-chlorides ; the brownish- 
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red sulphur tetrachloride ; the yellowish or greenish-yellow soln. of sulphur dioxide 
in cone, soln. of alkali or ammonium hydrosulphites; the yellow compounds of 
thiosulphates and sulphur dioxide ; and the yellow compounds of sulphur dioxide 
with potassium iodide or thiosulphate are of interest. In the colourless sulphur 
compounds^ sulphides, hydrosulphides, hydrogen sulphide, sulphites, sulphates, 
thiosulphates, and polythionates—H. Bassett and R. Gr. Durrant have pointed out 
that the sulphur atom is surrounded by a shell of 8 electrons, and the co-ordination 
number ranges from zero in the case of the S"-ions to 4 in the case of the sulphates. 
Hence the lack of colour is assumed to depend on the presence of an outer shell of 
8 electrons, and to be independent of the co-ordination number of the atom. The 
sulphur atom iu colourless sulphur hexafluoride has an outer shell of 12 electrons. 
They assume that an outer shell of 10 electrons determines the visible colour f reduced 
by sulphur, although the actual colour of a particular compound must depend on its 
structure and composition as a whole. Thus, the union of a 10-electron sulphur 
atom with one of 8 electrons may promote the colour in a similar way to that 
assumed by R. Willstiitter and J. Piccard in organic compounds with a meri- 
quinonuidal structure. This is the case with yellow sulphur tetrachloride ; in 
potassium thiocyanate when associated with sulphur dioxide; in the greenish- 
yellow sulphite soln. containing H 2 SO 3 .SO 2 ; and in the yellow thiosulphate soln. 
associated with sulphur dioxide and containing K 2 S 2 O 3 .SO 2 . Potassium chloride 
and bromide form colourless compounds with sulphur dioxide, so that the coloured 
compound with potassium iodide must be connected with the iodine. Sulphur 
dichloride on this hypothesis should be colourless; its yellow colour may be 
dependent on association in the liquid state—that is, the co-ordination of a molecule 
with the sulpliur atoms of other molecules. The colour of suljjhur and the poly¬ 


sulphides is based on a colourless S<^ molecule in which all the sulj^hur atoms have 
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8 -electron outer shells, or of a S : S.S-molecule in which each sulphur atom has an 
8 -electron sheath. Hydrogen dLsulphide, H.S.S.H, is colourless, but iu yellow 
hydrogen trisulphide, one of the sulphur atoms has a 10-electron sheath. It is not 
probable that the sulphur-sulphur linkages in themselves have any great influence 
on the colour because thiosulphates and poljd/hionates have these linkages and are 
yet colourless. M. Delepine showed that, as a rule, compounds containing sulphur 
singly linked to carbon are not coloured, while those having sulphur doubly linked 
to carbon are coloured if the molecule also contains an acid group acting as an 
auxochrome—the dithiocarbamates of J.* von Braun and F. Stechele. 
J. E, Purvis and co-workers showed that the bivalent S : C-group must be regarded 
as a powerful chromophore— infra, absorption spectra. H. Lecher attributed 
the darkening of the yellow colour of diphenyl disulphide, (CeH 5 )S.S(C(jH 5 ), which 
occurs when this compound is heated, not to a dissociation into free radicles, or to 
a rearrangement of the atoms, but to a redistribution of the valencies. 

P. P. von Weimarn showed that sulphur dissolves with an indigo or blue colora¬ 
tion in water, ethyl, propyl, i^obutyl, and amyl alcohols, acetone, glycerol, and 
ethylene glycol if these solvents are rendered alkaline; with the last two solvents 
it is, indeed, unnecessary to add alkali, but this may come from the glass. When 
these solvents are neutral or acidified, no blue colour appears. Any soln, of a 
polysulphide becomes blue when heated if tlie solvent is not acid in character, and 
does not decompose sulphides in general, and by variation of the cone, and temp, 
such soln. may be obtained of any colour in the spectrum. The blue colour observed 
in the above cases and that exhibited by fused potassium chloride and sulphur, soln. 
of sulphur in ammonia or sulphur trioxide, etc., occurs when the linking of the 
sulphur in these compounds, which are classed together as ‘‘ sulphydrates,** is 
weakened, that is, when the sulphur atoms approach a condition of freedom from 
combination. The blue colour may appear over an interval of temp, ranging from 
—80** to W. Biltz referred colour to unsaturation. The subject was also 

discussed by W. Kossel, J. Meisenheimer, and Wo, Ostwald and R. Auerbach— 
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vulf v[fra, sulphur sescpiioxide. P. P. von Weimarn inferred from the widely 
dift'orent nature of t!ie solvents which form blue soln. of sulphur, and the necessity 
of their bchig alkaline or neutral, that the colour is due to the formation of poly- 
sulphidcKS in which the sulphur is held by a specially weak linking. The presence 
of single Ksulj)hur atoms or of combinations of sulphur atoms, not stable under 
ordinary conditions, is regarded as possible. The blue colour of sulphur sesquioxide 
(soln. of sulphur in sulphur trioxide) and*of compounds of nitrogen and sul])hur 
{soln. of sulphur in liquid ammonia) is held to be due to the same condition of the 
sulphur atoms. All such compounds are embraced by tlie term sulphurates, and they 
give true soln. A classification of blue sulphur soln. is made in which, in addition 
to the siil])hurate grou]) already flescrihed, three other groups are defined as follows : 

(i) in which the colour is observed only by reflected light, i.e. due to opalescence ; 

(ii) in which the colour is observed by traiisniitted light, but is due to the scattering 
of light from com[>arjti\ely coarse colloid particles; and (iii) in which the colour 
depends on the relation between the refraction coeff. of the dispersing and dispersed 
phases— vhIc infra, .sulphur sesquioxide. 

According to R, Auerbach,'* colloidal SUlphUT is caj)able of exhibiting various 
colours de])endent on it^ degree of dispersion, or the fineness of its particles. The 
colour changes are well shown by adding a soln. of 0*1 c.c. of j)hosphoric acid of 
a[). gr. 1-70 in 9*9 c.c. (»f water to a 0*05iV-soln. of sodium thiosulphate. There is 
first a feeble turbidity, tlien a yellowish-blue opalescence, and this is followed 
successively by yellow, green, red, violet, and blue colorations, and finally in about 
20 minutes, sul]>hur is precipitated. As previously indicated, C. L. Berthollct in 1798, 
J. Dalton in 1808, and J. W. Dobereiner in 1813, prepared a colloidal solution ol 
sulphur by the action of sulphur dioxide on an aq. soln. of hydrogen sulphide ; and 
H. W. F. Wackenroder observed that if the licj[uid be frozen and thawed, a great 
part but not all the suspended sul^ihur separates out ; and if a neutral salt of an 
alkali, like sodium chloride, he added to the acidic liquid, all the sulphur 
is immediately precipitated m large flocks.’' Four years later, A. Sobrero and 
F. Selmi investigated the sol, and concluded : 

If uatcr is added to it, it diMdc'*^ \ip, forming an einulsjon, fioin wladi it doesi not 
reparato out, e\cn on prolonged standing (hoveral months) . . . If a little aqueous soln. 
of a neutral potassium or sociium salt is added to the emulsion, siilpliur is itujneditttel\ 
precipitated, but, singulaih, if a sodium salt is used, the sulphur do<‘S not lose the property 
of dniding itself up again in water. All that is necessary is to decant the liquid containing 
tl»e sodium salt, and to wash the p^eclpitat€^ several times with distilled winter; after 
ffie .se< ond or tliird washing the sulpfiur does not wdtle out, but regenerates tlie emulsion. 
11 a potassium salt, esjiecially tlie sulphate, has been used, the pre<‘ipitated sul[>hiir lias 
completely lost tlie property of emulsifying in w'ater. ... In spite of reflated washing, 
it always retains a trace of the potas.sium sulpliate employed for the precipitation. . . . 
Tfiia enormous quantity of sulphur is, one would lie inclined to say, dissolved, for it hardly 
atYects the limpidity ol the liquid. , , . Sulphur can thus l>o modified in an extraordinarj' 
manner by tlie substances present at the time of deposition, these adhering obstinately, 
probably by simple adhesion, and can either acquire the property of emulsifying in water, 
or assume a state of aggregation which prevents it dividing up in water. It thus appears 
that sulphur exhibits phenomena analogous to those observed with many otlier 8ul>8tanee8, 
whicli possess the power (»f dispersing and dividing themselves in a liquid, without com¬ 
pletely dissolving in it, as e.g. soap, starch, and pnissian blue, on which F. Selmi has pre¬ 
viously made obsert^aiions similar to those now described. These facts are related to a 
set of phenomena which F. Selmi has classed togetlier under the name of pseudo-solutions. 
The number of pseudo-soluble substances seems to b© rather large. 

H. Debus obtained the colloidal sulphur, whjch he called 8-suIphur, by passing 
hydrogen sulphide into sulphurous acid. The term S-sulphur is here employed for 
a variety of crystalline sulphur. E. Engel obtained it by the action of hydrochloric 
acid on thiosulphuric acid--C. A. L. de Bruyn used about 0-5iV-HCl and 
0-5A'-Na2S2O5, and W. Biltz and W. Gahl also found that a colloidal soln. of sulphur 
is produced by the hydrolysis of thiosulphuric acid (q.v.). M. Rnffo found that in 
order to s^'p^^rate the soluble and insoluble sulphur, the thick, cloudy liquid is diluted 
somewhat, heated to 80^, and filtered through glass-wool. It is then left in a cool 
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place for 12 hours, again heated and filtered, and these operations are repeated 
until the whole of the insoluble sulphur has been removed. The eml-product is a 
cloudy, yellowish-white mass, which, on warming, yields a perfectly (;lcar, yellow 
liquid. On cooling, the colloidal sulphur 8e])arateH, and is removed by etjntrifuging, 
washed w'ith a little cold water, again centrifuged, and dissolved in the least possible 
quantity of water. The liquid is neutralized by addition of sodium carbonate, which 
causes the suijjhur to separate, and, after centrifuging, a residue of very nearly j>ure 
soluble sulphur is obtained. On removing the sodium sulphate from t)ie neutralized 
soln, by dialysis, the soln. becomes unstable and insoluble sulphur separates. Hence, 
a })ure aq. soln. of colloidal sulphur cannot be obtained. Coagulation also occurs on 
the addition of various electrolytes. The sulphur jirecipitated by sodium chloride or 
nitrate dissolves on warming or on dilution, and that precijiitated by potassium 
chloride, nitrate, or sulphate is insoluble. Precipitation does not take place, in 
general, on the addition of ammonium sulphate, nitrate, or chloride, or of sodium 
sulphate. Dilute un-neutralized soln. remain clear for long periods, although small 
quantities of rhombic and monoclinic sulphur are gradually deposited. Cone, 
soln. become chmdy in consequence of the separation of insoluble sulphur. 
M. Kaffo and J. Mancini concluded that definite amounts of electrolytes are necessary 
for a stable sol. Potassium salts are more active than the corresponding sodium 
salts ; whilst these are a little less effective than magnesium or zinc salts. M. Raffo 
and C. Rossi showed that if the suljdmr in a colloidal soln. is precipitated by sunlight, 
the electrical conductivity of the resulting aq. soln. containing sodium sulphate and 
sulphuric acid is very much larger than that of the original colloidal soln. When 
further quantifiers of the sul])!iates are added to the colloidal sulphur soln., the 
observed increase in conductivity agrees, however, wdth that calculated on the 
assumption that the sulpliur is without iniluence on the added electrolytes. These 
facts seem to show tliat the suljiliates originally present in the colloidal soln. are in 
some way associated with the sulj)hur. This condition cannot be attained by the 
subsequent addition of the salts to the colloid. H. Vogel, and H. Bovel modified 
tlie process. M. Schaffner and W. Helbig treated hydrogen sulj>hide with sulphur 
dioxide in a solij. of calcium or magnesium chloride ; J. Guareschi passed a mixture 
of hydrogen sulphide and sulphur dioxide tl;)rough water, and found that the latter 
becomes milky owing to the dejiosition of colloidal sulphur, which is precipitated 
in arborescent formal ion and falls from the surface to the bottom of the liquid in 
spirals, each of w iiich is terminated by a ring similar to the vortex-rings. E. Dittler 
observed that when steam acts for a prolongecl period on pyrites or marcasite, small 
quantities of colloidal sulphur are produced. R. H. Brownlee foimd that the 
amorphous sulphur, from sulphurous acid and hydrogen sulphur, contains 79 to 82-6 
per cent, of insoluble sulphur. i\ J. Fritzsche, ami C. Brame mentioned the utri¬ 
cular form of the particles of colloidal sulphur. .1. Stingl and T. Morawsky said that 
at the moment of separation tlie particles of sulphur have a s]>herical form; and 
in the presence of salt soln., the spherules flocculate together. The action of the 
salts does not follow stoichiometrical laws, but the effect is physical. The Chemische 
Fabrik von Heyden prepared colloidal sulphur, for medicinal purposes, by pre¬ 
cipitating sulphur from ihs soln. in the presence of protective colloids, say an albume- 
noid, redissolving the product in a dil. soln. of alkali hydroxide, and precipitating 
by alcohol, a mixture of alcohol and ether, or acetone. A. Himmelbauer prepared 
colloidal sulphur by the action of gelatine or colloidal silica on a soln. of hydrogen 
sulphide; L. Sarason, by acidulating soln. of thiosulphates in glycerol thickened 
with gelatine ; and by decomposing soln. of sulphur dioxide and hydrogen sulphide 
in volatile solvents— carbon disulphide or tetrachloride, benzene, etc. According 
to H. Vogel, the two gases arc jmssed simultaneously into water containing a pro¬ 
tective colloid. The hydrogen suljihidc is kept in excess, in order to increase the 
yield of colloidal sulphur and to reduce the formation of polytliionic acids. The 
size of the particles depends on the temp, of the liquid, and is less than 25^ when 
the temp, is kept between 3'" and 4"". For storage, the soln. are placed in closed 
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receptacles while still saturated with hydrogen sulphide. The Aktiebolaget passed 
a mixture of these two gases into 0*liV-acid, and precipitated the colloidal sulphur 
with sodium chloride. The gel may be converted into a sol in the usual 
way. J. Meyer saturated a few c.c. of a soln. of hydrazine sulphate with ground 
sulphur, and poured a few drops of the soln. into several litres of water, with 
vigorous agitation. P. P. von Weimarn and co-workers based a process for pre- 
})anng colloidal soln. of sulphur on the rapid condensation of the mols. of the dis¬ 
solved substances when the solvent, alcohol, is replaced by a dispersion medium, 
water, which dissolves the solvent, but dissolves very little or none of the sulphur. 
If a cone. soln. is added to such a dispersion medium, fine disperse particles are 
obtained, but not colloidal soln. E. Muller and R. Nowakowsky prepared colloidal 
soln. of sulphur by the eethodic disintegration of a piece of sulphur fused on the 
platinum with an e.m.f. of 220 volts. T. Svedberg also obtained the colloidal sol 
by an electric discharge ; and If. H. Wilkinson, by condensing the vapour in vacuo. 
F. Sekera sprayed a soln. of sulphur in a solvent into a room hot enough to evaporate 
the solvent. Wo. Ostwald and I. Egger obtained the colloid by pouring a soln. of 
sulphur in hydrazine hydrate into hot water, and dialyzing the product. 

The Thomsen Chemical Co. }>repared colloidal sulphur by grinding it with a 
colloid—say, 50 parts of sulphur, 5 of glue, and 50 of water; other protective colloids 
can be used—extract of soap-bark, Irish moss, gum tragacanth, or gum arahic. 
The soln. is not precipitated by sulphuric acid, and is used as an insecticide, 
P. Ducancel and H. Gouthiere incorporated very finely-divided sulphur with a 
saccharate of an alkaline earth, and found that the product is miscible with water. 
It is used for the treatment of vine diseases. W. F. Sutherst and H. Philipp, and 
F. C. Elphiok and J. R. Gray prepared colloidal soln. of sulphur from the poly¬ 
sulphides. A. Mittasch and F. Winkler, and the Hevea Corporation mixed resin, 
soap, or other protective colloid with an aq. soln. of a polysulphide and then treated 
the mixture with an acid; and J, Y. Johnson used soap, gelatin, csDsein, sulphite 
cellulose waste liquor, glycerol, etc., as protective colloid. M. Lora and M. Tamayo 
obtained a hydrosol by adding drop by drop with stirring a hot alcoholic soln. 
of sulphur to an equal vol. of a one per cent. soln. of gelatin, and heating the mixture 
under reduced press, until half the alcohol had evaporated. A. Gutbier passed super¬ 
heated sulphur vapour free from air into air-free water, and obtained a white 
sulphur hydrosol containing up to 0*082 per cent. S. The soln. has an acidic reaction 
owing to the presence of traces of polythionic acid and water. Sols with a higher 
sulphur content—up to 0*85 per cent.—were made by condensing sulphur vapour 
in ^1. soln. of organic protective colloids— e.g, 0*5 per cent, saponin or a 1*0 per cent, 
soln. of starch. H. Plauson, A. J. Auspitzer, P. P. von Weimarn and S. Utzino 
studied the colloidal sulphur soln. obtained by grinding sulphur wdth dextrose, etc, 
S. Roginsky and A. Schalnikoff obtained the colloid by condensing the vapour on 
a surface cooled by liquid air. 

According to R. E. Liesegang, if a few drops of a 20 per cent, soln. of citric acid 
be placed on a thin layer of a solidified soln. containing gelatin and sodium thio¬ 
sulphate, the precipitation of sulphur which results from the diffusion of the acid 
is accompanied by the development of colour effects. In transmitted light, the 
colour is a deep lilac-blue. The colour is not due to interference, but appears to be 
determined by the size of the colloidal particles. After about twenty-four hours, 
the colour effects disappear, and this is supposed to be due to the conversion of 

into Sy. A, Lottermoser examined the particles with the ultramicroscope. 
R. Zsigmondy measured the osmotic pressure. S. Oden showed that in the coagula^ 
tion of colloidal soln. of sulphur of different degrees of dispersion, the cone, of 
electrol;]^ necessary for coagulation increases as the suspended phase becomes 
more highly dispersed. The stability of the sol towards sodium chloride and 
hydrochloric acid increases with the dispersion of the sol; but S. Utrino found that 
the maximum stability does not occur with colloidal soln. with particles in the 
finest state of subdivision. S. Od6n prepared sulphur hydrosols with partioles of 
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nearly uniform sizes. Jn T. Svedberg’s relation between the solubility, C, of 
colloidal sulphur, the temp,, 6, and the cone, of the dissolved electrolyte, 
where C denotes the percentage cone, of the colloidal sulphur; and 6q and k are 
constants depending on the degree of dispersion of the hydrosol, and the cone, of 
the electrolytes in soln., it was found that for a given dispersion, k is nearly inde¬ 
pendent of the cone, of the electrolyte—sodium chloride—whilst 0q increases wdth 
the quantity of the coagulant. For a given cone, of the salt, k and 6q diminish as 
the degree of dispersion of the hydrosol increases, the rate of diminution of being 
much greater than that of k. The addition of acids in small quantities reduces the 
value of Oqj while k remains unchanged. If the particles are of diSerent sizes, the 
equation no longer represents the relation between the coagulum and the soln. 
on the temp. 8. Oden studied the sp. gr., the viscosity, and the surface tension 
of colloidal soln. of sulphur; D. N. Chakravarti and N. R. Dhar, the viscosity ; and 
P. P. von Weimarn and 8. Utzino found the life-curves of dispersed sulphur 
supported the theory that adsorption and chemical forces are essentially the same. 
G. Quinck found that the particles have a negative charge and travel cataphoretically 
to the anode during the electrolysis of a colloidal soln. of sulphur. I. Parankiewicz 
calculated the elementary charge on the particles to be of the order 
electrostatic units; R. Bar gave ; and K. Welter, 4'8 x10“~a‘*. 

A. F. Guerasimoff studied the electrical endosmose of sulphur sols. D. N. Chakra¬ 
varti and N. R. Dhar found that the sp. electrical conductivity of a sol of sulphur 
with 3*5 grins, of sulphur per litre changed from 3*84xl0"~3 to 3-06 xlO'”^ in 89 
days, and the viscosity changed from 0-00989 to 0*01054. 

P. Bary said that colloidal sulphur in the form of a limpid liquid is a hydrophilic 
colloid, capable of absorbing water. This absorption is favoured by the presence 
in soln. of small amounts of salts of univalent metals, whilst it is prevented by the 
action of salts of bivalent metals. Such colloidal sulphur is not pure sulphur, but 
a compound containing sulphur in a highly polymerized state. The compounds 
are easily dissociable, and only exist in aq. medium in the presence of substances 
which limit their decomposition. When the swelling of the granules, due to the 
absorption of water, becomes small, the granules lose their tran8})arency and the 
liquid becomes milky and loses its stability. According to H. Freundlich and 
P. Scholz, colloidal sulphur obtained by the interaction of hydrogen sulphide and 
sulphur dioxide, or by the decomposition of the thionic acids, are hydrophilic, whilst 
that obtained by pouring an alcoholic soln. of sulphur into water is hydrophobic. 
Hydrophobic sulphur is negatively charged, and it is coagulated by electrolytes 
according to the general laws concerning the coagulation of hydrophobic sols, 
namely, (i) the strong influence of the adsorbability and valency of the cations, (ii) the 
strong effect of the hydrogen-ion, and (iii) the slight effect of the hydroxyl-ion. The 
sols may only be prepared in relatively small concentrations, the coagulum is not 
peptized by washing with water, and the sols may be preserved for a day or two 
only. The coagulation of the hydrophilic soln. is markedly different; and the 
difference is shown mainly in the following points: (i) alkali salts have a ten to 
twenty times weaker coagulating action than with Weimarn’s sol; (ii) the lyotropic 
series of the cations is well-defined; lithium-ions have a very weak coagulating 
action, whilst sodium-, potassium-, rubidium-, and ca>sium-ions are markedly and 
increasingly stronger; (iii) acids have a still weaker coagulating action than the 
alkali salts ; (iv) alkalies convert the hydrophilic sol into one with properties similar 
to those of the hydrophobic sol. The assumption that the micellas of the hydrophobic 
sol consists of A-sulphur and those of the hydrophilic sol of/Lt-sulphur is not sufficient 
to explain the differences, because the behaviour towards either bases is not 
explained. A possible explanation is that the hydrophilic sol contains pentathionic 
acid, while the hydrophobic sol does not. The presence of pentathionic acid is 
proved by (i) the acid can be detected in the filtrate from coagulated sulphur by the 
fact that on the addition of alkali more sulphur is deposited ; (ii) prolonged action 
of alkali on coagulated sulphur or sulphur micelleo brings about the formation of 
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thiosulphate ; this action is brought about by ammonia without the 8 ul]>hur itself 
being markedly attacked. It is probable that the pentathionic acid is adsorbed 
in the sulphur particles, since this substance is very difficult to remove by washing. 
The quantity of pentathionic acid bound to the sulphur is found to be 0*1 to 0-7 
milliinol. per gram of sulphur. The influence of pentathionic acid on the stability 
of the hydroj)hiJic sol is explained by assuming that this acid has a constitution 
closely related to that of water and sulphur, and therefore facilitates the formation 
of micella?, which, in addition to sulphur and pentathionic acid, contain large 
quantities of'w'ater. The greater water content of the hydrophilic sol is indicated 
by its greater transparency when compared with a hydrophobic sol of equal sulphur 
content. The micellre are represented by 



Hydrophillr soJ. IlydrophobU >ol. 

This hypotliesis explains the behaviour on coagulation when (i) alkalies d(‘( ompose 
the pentathionic acid, whereby the loose combination })etween tlie sulphur and water 
is also disturbed and converted into one whiph us similar to that of the hvdrophobic 
fiol; and (ii) acids have such a feeble coagulating power because they increase the 
stability of the pentathionic acid and produce more pentathionic acid from the 
peiitathionates which may be present. The structure also is in keeping with 
the fact that hydrogen sulphide has an action on the sol similar to that of the alkalies; 
that is, it converts it into a hydrophobic sol which is much less stalile because the 
pentathionic a^id is decomposed by hydrogen sulphide with separation of sul})hur. 
Further, sols of the same nature as hydrophilic sol are obtained by reactions which 
produce both sulphur and pentathionic acid; for example, the decomposition’ 
of sulphur monochloride by water: 5S-| H 2 S 5 OC+IOHCI. The 

stability of hydrophilic sol, which is due to jientathionie acid, does not depend on 
the charge of the micellae. Whether or no hydrophilic sol contains cannot be 
definitely answered, although the yellow colour of the sol makes it extremely 
likely that this variety of sulphur is present. The peptization and coagulation of 
sulphur hydrosols was studied by A. Gutbier, P. C. L. Thorne and co-workers, 
A. Fodor and R. Rivlin, A. von Buzagh, G. Rossi, W^o. Ostwald. N. N. Andreeff, 
A. Ivanitzkaja and L. Orlova, S. Oden, S. Ghosh and N. R. Dhar, A. von Kuzagh, 
H. B. W^eiser and G. E, Cunningham, W. A. Dortman, E. Iwase, H. Freundlich, and 
G. Rossi and A. Marescotti. I. D. Garard and F. M. Colt found that soln. of sulphur 
in benzene, toluene, xylene, kerfisene, acetone, and ethyl acetate were prepared by 
the reaction between hydrogen sulphide and sulphur dioxide. The benzene sols 
had a deep yellow colour and contained 1*4 to 1-8 per cent, of sulphur. At the end 
of four months, one samjile gave no indication of coagulation ; it was affected little 
or not at all by the electrolytes and organic substances which were tried as 
coagulants. When the benzene was removed by evaporation, there remained a 
sticky, yellow residue of amorphous sulphur, which could not be re-disperscd in 
benzene. It dialyzed more slowly than dissolved sulphur through membranes of 
ox-bladder and of celbdose acetate. It seems doubtful whether either water or 
acids is responsible for the stability of these sols. E. Iwase studied the action of 
mercaptan on the life-period of the sol. L. S. Bhatta and co-workers observed 
that the addition of gelatin first makes the colloid more sensitive to coagulation 
by potassium chloride, and with more gelatin, the soln. becomes stable. 

P. L. Browne ascribed variations in the heat of coagulation of a su^hur hydrosol 
with the coagulant and with cone., to the heats of mixing of the coagulants 
with the polythionic acids in the sols, as well as to incidental changes in adsorption. 
Sulphur in the coagulum is in the same allotropic state as in the sf)l. 0. Rossi 
examined the coagulation of c(»Iloidal sulphur soln. by electrolytes. The amount 
of potassium chloride or bromide required for flocculation increases with the pro- 
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portions of sulphuric acid and sodium sulphate present in the soln. The quantity 
of potassium permanganate adsorbed by sulphur is greater with dialyzed than with 
non-dialyzed sulphur. J. Traube and E. Rackwitz discussed the action of protective 
colloids. M. Raffo and G. Rossi showed that with a series of salts of the same 
inetnl, the ])recipitation increases with the formula weight of the anion—but 
nitrates are excoptimial. The amount of sulphur precipitated by a fi?ced quantity 
of the same electrolyte decreases as the cone, of the sodium sulphate and sulphuric 
acid increases. The sulphuric acid and sodium sulphate are regarded as crystalloids 
of formation. The electrical conductivity of a soln. of colloidal sulphur containing 
sul])huric acid and sodium sulphate is lower than that of a similar soln. containing 
no colloidal sul})hur. The b.p. of a soln. of the same kind as the above is lower 
after the colloidal sulphur has been removed than when the colloid is j>resent. 
Further, if a colloidal sulphur soln. containing sulphuric acid and sodium sulphate 
is dialyzed to remove the electrolytes, and the same amount of electrolytes added 
to the dialyzed soln., then the electrical conductivity has the same higher value o( 
the soln. from which the colloid has been removed. Hence, the action of the colloidal 
sulphur extends to sulphuric acid and sodium sulphate even when these are present 
in quantities larger than those required to stabilize the sol, provided that the excess 
of these substances was present when the colloid was formed. Additional quantities 
of these su}>stancea added after th(‘ formation of the colloid are not affected by the 
colloid. It is therefore as.sumed that crystalloids, in the form of sulphuric acid and 
sodium sulphate, undergo a change in their physical nature in the presence of 
colloids, which is shown by a reduction in the electrical conductivity and the 
osmotic press. H. Rinde studied the adsorption of ions of colloidal sulphur. 

H. Frenndlich and E. Schalek measured the viscosity of colloidal soln. of sulphur; 

I. Lifschitz and J. Brandt, the refractive index of colloidal soln., and found the 
/Lt-formula gave more constant results than the fx‘-^-formula ; N. Pihlblad measured 
the adsorption of light by soln. with particles of different sizes. Colloidal soln. 
containing i)articles for which the average diameter is 550/i/Lfc, give a flat absorption 
curve without any evidence of a maximum. For particles of average diameter 

the absorption is greater, and a maximum occurs at A==340/uft,; for 
])erticles of diameter -llO/x/x. the maximum shifts tn X^ 2S0; and for more 
highly disperseid soln., no maximum was found within the limits of observation, 
but with diminishing size of the particles, the curv’o of absorption approximates 
continuously to that of a molecular soln. G. I. Pokrowsky studied the dispersion 
and polarization of light by sulphur suspensions; and Y. Bjornstahl, the bire¬ 
fringence. G. I, Pokrowsky found that the dispersion of the particles produced 
by the decomposition of thiosulphuric acid is in agreement with Lord Rayleigh's 
theory of dispersion. P. Lai and P. B. Ganguly studied the action of ultra-violet 
light on the colloid. 

When sulphur is heated, it melts at about 115° to form a brownish-yellow, 
transparent, mobile liquid ; as the temp, rises, the liquid becomes more and more 
viscid and at the same time it becomes dark reddish-brown, and is no longer trans¬ 
parent except in thin films. Between 220° and 250°, the sulphur is so viscid that 
it does not run out when the containing vessel is inverted. At a still higher temp., 
the sulphur again becomes more fluid, but not so much as it was at 120°. It also 
acquires a greater transparency, but remains brown. If this liquid, or if the viscid 
liquid be suddenly quenched by pouring it into cold water, a soft, elastic product 
is obtained— plastic, 5 i^/p/mr~wMch hardens in the course of a few days. T. Iredale * 
prepared elastic^ sulphur by treating powdered sodium thiosulphate with one-half 
its weight of cone, nitric acid, and after the reaction is complete, adding water 
and washing the product. A yellow, elastic, transparent mass is obtained which 
after distension to four times its length will regain its original form. Cooling te 
0 ° makes it opaque and brittle, but heating in water to 100° reproduces the elastic 
characteristics. After 24 hrs., it passes completely into the crystalline form. 
P. P. von Weimarn found that when sulphur at above 400° is poured in a thin 
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stream into liquid air, it is obtained in the form of a thin thread of diameter 0*5- 
1 mm. When removed from the liquid air, this thread is quite hard and brittle, 
but, when the temp, rises somewhat, it assumes extraordinary elasticity. This 
sulphur has a polished surface, and appears pale grey in reflected light and pale 
yellow in transmitted light, being completely transparent and without sign of 
opalescence. The maximum extension of a thread about 1 mm. in diameter is 
approximately 5*5 times the original length, and if the extension is less than the 
maximum, the thread is able to return almost to its original length. The elasticity 
is lost in about half an hour after the thread is removed from the liquid air, the 
sulphur then becoming plastic and remaining so for about twenty-four hours. 
According to J. Dussy, when liquid sulphur, tempered between 157*^ and 175°, 
solidifies very rapidly, it has a characteristic vitreous appearance. Sulphur heated 
to 220°, poured suddenly into cold water, and allowed to cool in contact with it, 
yields an outer layer of plastic sulphur, an intermediate layer of vitreous sulphur^ 
and an inner core of the prismatic variety. This vitreous form seems to be the 
analogue of the well-known vitreous selenium. A. AVigand regarded plastic sulphur 
as a liquid with a very great internal friction. G. Magnus, and C. J. St. C. Devxlle re¬ 
garded plastic sulphur as a soluble variety of amorphous sulphur. M. L. Frankenhcim 
explained the change in the viscosity of molten sulphur by assuming that at 260°, 
where a break occurs in the beating curve, a new liquid state of sulphur appears. 
The new liquid variety of sulphur is formed at 170°, and an increasing proportion is 
produced as the temp, rises. He said that between 170° and 260°, the mass is an 
emulsion of minute droplets of two liquids, and owes its viscosity to the ascendency 
of the surface properties over those natural to either liquid taken separately. But, 
according to the phase rule, one substance cannot exist in 3 })hases—two liquid 
and one vapour—except as non-variant system which cannot have an extended 
region of stability. J. H. Kastle and W. P. Kelley said that plastic sulphur 
is composed of several molecularly different kinds of sulphur, all of which are 
amorphous, G. Quincke assumed that there are four forms of sulphur which are 
stable respectively between the limits 0°--96°, 96°~160°, 160°-300°, and 3(X)°~448°; 
further, that liquid sulphur has a jelly-like cellular structure, and represents a 
mixture of solutions containing these allotropic modifications in different propor¬ 
tions, the several solutions being separated by limiting surfaces in which surface- 
tension forces play an important part. At one and the same temp., liquid sulphur 
may contain soln. in which these modifications are present in different proportions, 
this being determined by the previous physical treatment of the sulphur. 

C, M. Marx observed irregularities on the heating and cooling curves of sulphur ; 
and M. L. Frankenheim showed that different specimens gave different results 
which he attributed to irregularities due to unequal heating or cooling owing to 
changes in the viscosity. All specimens agreed, however, in giving marked absorp¬ 
tion of heat on the heating curve at 260°-260°, and on cooling, an evolution of heat. 
C. J. St. C. Deville, on the contrary, found the behaviour at 2M°~260° quite normal, 
but he observed on the heating curve an evolution of heat at 120°~160°, and also 
at 180°-230°; while the cooling curve gave a slight evolution of heat at 240°~210° ; 
an absorption at 180°~160°; a slight evolution at 160°~145°; and an absorption at 
145°-135°. He considered the evolution of heat between 240° and 210° to be the 
only significant part of the phenomena, and this he attributed to the great viscosity 
of sulphur between these temp. K. Schaum observed a notable absorption of heat 
near 168°. A. Smith and W. B. Holmes showed that the effect is so sensitive to 
the effects of various degrees of superheating, and undercooling, that even when 
the sulphur is constantly agitated, the results are of no value in establishing the 
existence of transition points. 

As indicated above, when molten sulphur is cooled, rhombic crystals of a-sulphur 
separate if the temp, is below the transition point, and monoclinio crystals of 
^-sulphur separate above that temp. This subject has been discussed by C. Brame, 
P. Schiitzenberger, J. Fritzsche, etc. D. Qemez showed that if the undercooled 
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liquid be seeded with rhombic sulphur, the rhombic crystals will form and separate ; 
similarly also with monoclinic sulphur. R. Brauns observed that during the freezing 
of molten sulphur monoclinic and rhombic crystals, aggregates of radial threads, and 
trichitic aggregates—?.e. bunches of hair-like crystallites—may be formed. P. Gau* 
bert said that if sulphur be heated above 100^^, and then suddenly cooled, a modifi¬ 
cation is produced which is slightly birefringent, and is blue by transmitted light. 
The blue colour is due to the librosity of the spherolites. Amongst these spherolites 
arc some formed by very slender fibres having a spiral winding. They exhibit 
numerous varieties, but it is possible to obtain perfect spherolites the crystalline 
particles of which are wound round the mean index. The fibres rarely show more 
than three turns in the winding, the distance between the coils varying from one 
spherolite to another, and generally not exceeding 0*2 mm. Some amorphous 
sulphur, insoluble in carbon disul])hide, is formed if the molten sulphur is heated 
above its m.p. According to B. C. Brodie, the formation begins above 120^ ; 
C. J.* St. C. Deville said at 150° ; and M. Berthelot, at 155°. In order to obtain a 
maximum formation of the insoluble sulphur, the molten sulphur should be heated 
until the viscid mass has become a mobile liquid, and then rapidly cooled, and the 
sulphur should be kept in a molten state for a long time—J. B. A. Dumas said at 
230°-'260° ; 0. J. St. C. Deville, at 260° ; A. Schrotter, at 360° ; and B. C. Brodie, 
at the b.p. The formation of the insoluble sulphur, said C. J. St. C. Deville, pro¬ 
ceeds slowly at 155°, but is rapid at 170° ; and no more is formed by heating at a 
higher temp. Quenching the molten sulphur in cold water furnishes about 35 per 
cent, of insoluble form; G. Magnus and R. Weber said 46 per cent.; and A. Smith 
and W. B. Holrpes, 51 per cent, w^hen a stream of burning distilled sulphur is 
quenched in ice. A. Wigand observed that a sample of plastic sulphur kept for 
2 days contained 89*8 per cent, of insoluble sulphur, and when kept for 2 years it 
contained 29*6 per cent. M. Berthelot regarded the formation of insoluble sulphur to 
f)e a kind of per salium change at about 170°, for only a trace appeared at 155° ; 
very little at 163°; 25 per cent, at 170°; 29 per cent, at 185°~205° ; and 30 
])er cent, at 230°, and between 220° and 448°, the amount is fairly constant—over 
30 per cent. On the other hand, A. Moitessier found the following percentage 
amounts of insoluble sulphur were formed by quenching molten sulphur at the 
indicated teni]). : 

143’ 148 G" 159 r 107 4" 179-4“ 213 5“ 249 9" 284-9" 440^ 

^in^oluWe • ^ 2 54 7-03 14-77 22-60 27 09 26-31 29-31 30-27 

M. Berthelot believed that tlie reason the amount of insoluble sulphur obtained 
above 170° falls short of 100 per cent, is because the cooling is not sufficiently 
rapid. By using a fine stream or a succession of droplets he obtained 61 per cent.; 
by cooling in ether, 71 per cent.; and if the cooled material be immediately tested 
with carbon disulphide, 85 per cent.—if the material giving 85 per cent, be extracted 
next day it gave 45 per cent., and if extracted 2 days afterwards, 39 per cent. On 
the other hand, A. Moitessier, and A. Smith and W. B. Holmes showed that 
M. Berthelot erred when he found no insoluble sulphur below 170° ; and the method 
of contraction with carbon disulphide is quite unreliable when the sulphur is in a 
plastic condition. F. W. Kiister obtained 34*2 per cent, of insoluble sulphur at 
448°, and K. Schaum, A. Smith and W. B. Holmes, and F. W. Kiister symbolized 
the reaction in the molten sulphur: Siujoiubie^S^oiubie- The formation of 
insoluble sulphur is said to be endothermal because the proportion of the soluble 
converted into the insoluble form increases with rise of temp. M. Berthelot observed 
no thermal change at 18° ; between 18° and above 160° there was an absorption of 
heat; and above this temp, the transformation of soluble into insoluble sulphur 
is exothermal. According to R. Huerre, amorphous, insoluble sulphur is converted 
into the soluble form by heating it to about 100° with animal or vegetable oil, or 
with a 10 per cent. soln. of sodium sulphite, or with water alone. M. Berthelot 
found that the passage of insoluble into soluble sulphur is hindered by keeping 
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ifc in contact with fuming nitric or sulphurotis acid. The ])re8ence of a trace of 
iodine favours tlie formation of insoluble sulphur. A. Smith and W. B. Holmes 
also observed that the formation of insobible sulphur depends on the presence or 
absence of foreign matters. For instance, hydrogen chloride, air, sulphur dioxide 
2)assed through the molten sul])hu!* increases the yield, so does jnTophosphoric 
acid ; solid alkalies, nitrogen, and carbon dioxide lower the yield ; hydrogen 
sulphide greatly retards the transformation of soluble to insoluble siilphiir and 
ammonia inhibits it altogether. A. Smith and W. B. Holmes explained the 2 )eculiar 
behaviour of molten sulphur on the assumption that liquid sulphur can exist in 
two states which are partially, but only partially, miscible. The one is a pale yellow, 
mobile liquid which is the nornml a])}>earance of molten, rhombic sulphur at temp, 
below 160'^. Thi.s is called A sulphur, or The other is a browm, viscid liquid 
called /x-sulphur, or 8^. According to A, Smith and C. M. Carson, the pro 2 )ortiou of 
insoluble 8^ in the e<iuilibrium mixture 8;^^8^ is raised by the addition of iodine. 
Thus, wdth two i)arts of iodine j>er 100 j>arts of sulphur, the following results were 
obtained: 


Temperature . 

150” 

165” 

220” 

310 

448” 

S/JL without iodine 

0 7 

140 

20'1 

32'6 

34-1 per cent 

S/i with iodine . 

13-8 

1!41 

470 

512 

62-7 „ 


According to A, Smith and W. B, Holnn^s, a small amount of the latter is formed 
as soon as the sulphur melts, and it ap]>ears in increasing proportions as the temp, 
ri.ses. The actual i>ro])ortiou is determined by the reversible reaction At 160'^ 

the 8;^ has become a sat. soln. of Sju, the 2 )ro 2 )ortion of 
the latter at this temp. }>robably not exceeding 12 per 
cent. When the temj). is raised beyond this point super- 
saturation with 8^ ensues and a ncw' phase consisting of 
8^, in which is dissolved a certain proportion of 8;^, arises. 
According to the phase rule, with one substance, three 
phases (two liquids and vapour) ca?) coexist only at a 
definite temp.—the transition point (160^). Hence, a}>ove 
160^' only •%, containing amounts of dissolved S;^ wdiicli 
become smaller as the temp, rises, is stable. Rapid heating 
and the j)re8ence or absence of certain foreign substances iiostjxuie the transition 
of to 8;^ and lead to the familiar variations in the temp, at which the sudden 
viscosity first appears. Conversely, rapid cooling from temp, above 160'', par¬ 
ticularly when certain foreign bodies are present, jx)stpones the transition of 
to Sa and hinders or prevents almost entirely the occurrence of the change on 
which an extensive transformation into 8;^ depends. When conditions are favourable, 
a large proportion of the 8^ may survive to reach the ordinary temp. The chilled 
product is then a more or less sticky mass which in time partly reverts to soluble 
sulphur and partly assumes a quasi-solid, difficultly-soluble form. The latter sub¬ 
stance is that commonly knowm as amorphous sulphur. Like all amorjihous 
substanc^, it is a supercooled.8tate of a liquid, namely, S^. The part which reaches 
the condition 8;^ gives brittle, crystalline, soluble sulphur when it solidifies. Curves 
representing the effects of viscosity, thermal expansion, solubility, vap. press., 
refractive index, etc., and the temp, of molten sulphur, all take on a new direction 
on account of the apparent transition occurring near 160'', since A-sulphur jjre- 
dominat^ below 160°, and/^-sulphur above that temp. A. Smith and C. M. Carson's 
observations on the solubility of the two forms in triphenylmethane are illustrated 
})y Fig. 7—the solubility of A-sulphur increases while that of /x-sulphur decreases 
with rise of temp. A. Pmith and co-workers, and F, Hoffmann and R. Rothe 
observed that a terrace indicating an absorption of heat, showed on the heating 
curve, from 161*7° to 167*5°; and, on the cooling curve, an irregularity occurred 
between 159*5° and 145°. If the cooling liquid be properly stirred to eliminate the 
effects of undercooling, 0. M. Carson observefl no irregularity in the rate of cooHng; 



Fkj. 7.—Solubility of 
A- and ^-Sulphur in 
T ripheny Imethane. 
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aiitl the thermal change indicated on the heating eurv^e is greatly influenced by the 
presence of foreign substances. If molten sulphur be heated ra})idly, say 2^ per 
niinuic, and then chilled, the proportion of /x-sulphur in the product is much below 
the equilibrium value ; thus, 


Temp. befui'O cliilliiig 
t? 1-1 f observed 
/X- n p uii equilibrii 


jr>4^ 150^ 

004 r>*4 CiT 

;b7r> 75 80 


100 '^ ](>5 

() 4 7-5 

] 0*7 13 3 


107^ 

10-3 per 
10*7 „ 


The inference is that wlien sulphur is rapidly heated, the cone, of the /x-sul])hur 
i.s about 4 per cent, less than that required for equilibrium u]) to about 167 -at 
higher temp, there follows a more ra{)id formation of /t-siilphur, and the liquid 
begins to become viscid. If the liquid is heated slowly the /x-sul[>hur does not differ 
much from the equilibrium value, a rapid fornuition of p-sulphur does not occur, 
and no break occurs in th(‘ heating curve corresjKUiding with a sudden endotherrnal 
change. The a})pareiit se[)aration of liquid sulphur into two phases was found by 
A. Sinits, and H. L. de Leeuw to be brought about by the* differences in temj). 
which arise in a column of the liquid, owing to the bad conduction of heat. In 
reality there is no formation of two pliases, the differences in colour being accounted 
for by the differences in temp.; and, contrary also to A. Smith and co-workers, 
li. R. Kruyt assumed a nietastabie region of partial miscibility. The subject w as 
studied by P. Mondaiii-Monval and P. Schneider. 

II. L. de Leeuw' showed that there is no satisfactory 
evidence for tlic aasumj)iion of a region miscibility in 
the liquid }>hase. The occurrence of tw'o liquid layers 
is due to differences in temp., w^hich may atnount to 
and which is ))ro(luced by the poor heat-con¬ 
ductivity of molten sulphur. When the thermal con¬ 
ductivity is increased by the introduction of platinum 
ware or gauze, the plienomenon occurs very indistinctly 
or not at all. The transition tern}), from rhombic to 
monoclinic sulphur i.> lowered from 95*45' to about 71‘^ 
by rapidly cooling sulphur from its b.p. so as to ensure 
the presence of a large proportion of p-sulphur. As 
the proportion of p-sulphur decreases, the transition 
temp, rises until it readies 95*45^, which is regarded as 
the true unary transition temp. Similarly with the 
m.p., H. K, Kruyt observed that rhombic sulphur in 
equilibrium at 90^"' has a m.p. of 110*9^^; and when the sulphur had attained 
equilibrium at 65^ the lu.p. was 111*4°. These results are in harmony with 
A. Smits' theory of allotropy which assumes that equilibrium in the solid rhombic 
phase involves a state of e<iuilibrium between various alIotroi)ic components. Let 
Sf and 8^ denote these two components, the conclusion that the lower the temp, 
at w’hich the inner equilibrium is established the higher the temp, at which the 
phase commences to melt is then illustrated graphically by Fig, 8. A. Smits, 
and H. L. de Leeuw have made tentative, ternary, equilibrium diagrapis to include 
more phaaes than those indicated diagrammatically in*Fig. 8. 

According to J. B. A. Dumas, sulphur which has been fused at various temp, 
and then quickly cooled in single drops by immersion in cold water, behaves as 
follows ; at 110°~170°, it solidifies to a yellow mass the colour of ordinary sulphur; 
at 190°, it, is first soft and transparent, but quickly becomes brittle and Opaque, 
and acquires the colour of ordinary sulphur; at 220°; it becomes soft, transparent, 
and brownish-yellow; at 230°~260°, it becomes soft, ductile, transparent, and of a 
reddish colour; at the b.p., it becomes very soft, transparent, and reddish-brown. 
All depends on the temp.; the time of fusion has no perceptible influence. If 
sulphur be poured into water in large masses, the inner portions which cool slowly 
mMHy m ordinary sulphur; rapd cooling prevents crystallization. According 



Fig. 8 .—Effect of 8 ^ on 
the Melting Point of Sy. 
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to J. Fritzsche, when viscid sulphur is dropped into oil it becomes covered with 
well-developed crystals and loses its transparency. C. J. St. C, Deville observed 
that the sp. gr. of receptly-fuscd sulphur was 1*9578, and owing to h movement dans 
les de7}sites^ this constant became 2*0498 in 20 months. This inetastability was 
discussed by E. Cohen. H. V. Regnaiilt observed that if the plastic sulphur be kept 
at 93° its temp, rises to 110° as it passes into the crystalline state. The rate of 
crystallization was found by D. Gernez to be a maximum for sulphur which had been 
heated to 170°; P. Duhem, A. Smith and W. B. Holmes, and G. Tammann found 
that the rate of crystallization varies j)roportionally with the degree of undercooling 
—Fig. 8 ; and D. Gernez, that when the undercooled liquid is seeded, the velocity of 
crystallization is smaller with rhombic than with monoclinic sulphur, being 7*50 secs, 
in the former case and 0*20 sec. in the latter case with sulphur kept 15 mins, at 
129 5°, and then cooled to 80*9°. J. H. Kastle and W. P, Kelley found that the 
rate of change of plastic into crystalline sulphur varies with the temp, to which the 
sulphur was heat<^d before being poured into water, and also with the temp., for 
the higher the temp, at which the sulphur is kept, the faster the crystallization. 
Light, amber-coloured, plastic sulphur cr}stallize8 easily, while the reddish-brown 
varieties crystallize more slowly. The velocity of the change of plastic into 
crystalline sulphur begins comparatively rapidly, about 10 per cent, of the total 
change takes place in the first 30 minutes, and then gradually diminishes. This 

gradual decrease in the rate of crvstallization indi- 



0 50 


T/rne /// /foi/rs 

Fig, 9 -—Speed of Crystal¬ 
lization of Plastic Sul¬ 
phur, under W'ater, and 
under a AT-solution of 

Iodine. 


cates that several molecular forms are present in the 
supercooled liquid, some of which change to the crystal¬ 
line variety of the element more rapidly than others. 
The presence of ammonia, alcohol, and bromine accele¬ 
rates the crystallization. The slopes of the curves, 
Fig. 9, indicate the rates of crystallization in contact 
with water and in contact with a O-lA'-soln. of iodine. 

G. Linck and E. Korinth studied the crystallization 
of sulphur and the formation of diffusion rings. 

H. Freundlich and F. Oppenheimer found that sulphur 
sols lower the velocity of crystalbzation of water. 

J. B. A. Dumas gave 108°~109° for the f.p. of 
sulphur. C. M. Marx showed that during the freezing 
at 99°~100° the temp, rises to 109°-110° ; M. L. Frank- 


enheim, that when sulphur cooled to 105°-108° 
begins to freeze, the temp, rises to 112°, and there remains until all is solidified. 
B. C. Brodie, R, F. Marchand and T. Scheerer, M. Faraday, and A. Bellani also 
made observations on this subject. D. Gernez showed that sulphur always freezes 
below its m.p., and this is not because of the effects of undercooling. D. Gernez, 
A. Smith and W, B. Holmes, and J. Dussy showed that the f.p. of molten sulphur 
is not constant since it depends on the temp, at which the sulphur has been 
heated, for the fused sulphur is a homogeneous mixture of soluble and insolable 
sulphur. R. F. Marchand gave 113° for the f.p.; H. V. Regnault, 113*6°; and 
D. Gernez found 117*4° for sulphur which had been heated to 121°; 1134°, 
when heated to 144° ; 112*2°, when heated to 170°; and 1144°, when heated to 
200°--447°. A. Smith and W. B. Holmes extrapolated the results for rhombic 
sulphur free from the insoluble form, and gave for the f.p. of idealized sulphur 
119*25°. H. R. Kruyt said that mixed crystals of /x- and A-sulphur separate 
when a homogeneous liquid mixture is allowed to cool, but A. Wigand showed 
that pure crystalline A-sulphur separates out fixst. E. Beckmann and co-workers 
attributed the absence of a sharp m.p. with sulphur to the presence in the liquid 
of molecules of different degrees of complexity. 

In general, as shown by P. Duhem, H. W. B. Roozeboom, and W. D. Bancroft, 
substances which freeze belovr their m.p. are capable of existing in two solid forms 
which melt at different temp, and form liquid systems of ideutical constitution iu 
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which the liquid states of the two fornris can coexist in equilibrium. The two forms 
of liquid sulphur : A- 8 ulphur^/i,*sul})hur, is taken to be a case of (hptanu'c allotropij 
because the change is reversible, there is no transi¬ 


tion temp., and the amount of each form present 
in the system, when in equilibrium, is determined 
by the temp. The two forms are also called dynamic 
uonierides. In Fig. 10 , A may be regarded as the 
f.p. of A-sulphur ; B, that of />t-siil])hiir ; and that 
of the eutectic. The line A(^ rejuesenta the effect 
of /x-sulphur pn the f.j). of A-sulphur. Here and 
B are unknown ; but the line AC has been traced 
as far as 112-45“ and 5-3 per cent of /x-snl]>hur. 
TXi represents the })roportion of the two dynamic 
iaomerides in the liquid phase at different temp., 



and Z>, 114*5^, is the f.p. in a system in equilibrium 10 -The Effect of Tem- 
with 3*7 per cent, of /x-sulphur at the time of freez- perature on tlie KquiUbnum 
ing. Hence, W. D. Bancroft would call this the l^roportions of sa and S^,. 


natural freezwy-point of sul])}uir—c?V/c supra, Li^i, 

Fig. 8 . It is really a trij)]e point at which the three phases—liquid 8 ;^ and 8 ^ ; 
Ejolid monoclinic sulphur ; and vapour of sulphur—are in equilibrium. At the 


b.p. there is 34-1 ]>er cent, of /x-sulphur in equilibrium wuth the liquid; and 
C. M. Carson found : 


12 r 157^ 159 25 ICO^ TOP lO.T 165^ 

/i-SiiIphur . . . a 75 7 7 8 2 10*4 11*5 12-5 13 9 1.5-5 


I). L. Harnmick and (*o-workers obtained the results summarized by the light curve, 
Fig. 10 . 

B. Lange and W. Cousins also showed that in the molten state the sulphur 
molecules are depolymerized, say 83^^284 and 2 S 4 ;r^S 2 +S 6 . A. H. W. Aten 
showed that if a soln. of rhombic sulphur in sul])hur monochloride, sat. at ordinary 
temp., be heated to about 150\ and then cooled, much more sulphur can be dis¬ 
solved by the liquid. Thus, mixtures of A-sul])hur and sulphur monochloride in 
sealed tubes were heated to J(K)° for several hours and quickly cooled. Repre¬ 
senting compositions by the number of gram-atoms of sulphur per 100 gram atoms 
of S-t- 82 Cl 2 in the original mixture, the sat. soln. at the temj). named contained : 


Original 

. 

0 

28-7 

49-9 

79-4 

80*1 

90-1 

98-0 


(-60'^ 

11-6 

31-9 

42-9 

65-2 

60-1 

_ 

_ 

Sat. soln. 

. \ 0^ 


47-4 

50-0 

720 

71-0 

80-5 

_ _ 


1 25*^ 

53-5 

02-0 

00-4 

—. 

— 

— 

93-4 


Similar results were obtained with mixtures pre\’iously heated to 50°, 75 °, and 
125°. It is inferred that this is not due to the formation of /it-sulphur from A-sulphur, 
for the solubility of the former is very small at ordinary temp., and if soln. be sat. 
with this form of sulphur at a liigher temp., it readily separates out on cooling. 
It was also shown that the phenomenon is not due to the combination of sulphur 
with sulphur monochloride; and it was inferred that the phenomenon is a result 
of the formation of another form of liquid sulphur— Tr-snlphlir. Indications of the 
formation of Tr-sulphur, in the absence of sulphur monochloride, were obtained, for 
if sulphur be heated alone to 125° and rapidly cooled, its solubility in sulphur 
monochloride is distinctly greater than that of the unheated rhombic sulphur. 
Thus, sfi^mples of sulphur were heated to the indicated temp., and rapidly cooled. 
The number of gram-atoms of sulphur dissolved per 100 gram-atoms of S+S 2 CI 2 were 
as follows : Unheat^d sulphur, 53-5 ; mixture of rhombic and amorphous sulphur, 
54*5; rhombic sulphur heated to 125°, 56-0 to 58-5, rhombic sulphur heated to 
165°—freshly prepared, 60 ; kept an hour, 59*5 ; kept 24 hrs., 57*5 ; and kept 8 
days, 63*2. * Sulphur which has been heated to 170° and chilled contains as much 
TT-sulphur as when heated to 445° and chilled. The tr-sulphur dissolved in sulphur 
VOL. X. ' E 
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inonocliloride quickly changes into /x-sulphur. Similar results were obtained with 
toluene as a solvent. The increased solubility of sulphur which has been heated 
to 170' is due to the 7r-sulphur which is present as a mixture, or as a solid soln. 
with A-siilphur. Soln. containing Tr-sulphur are all yellow; a carbon disulphide 
soln. with 18 at. per cent. 7 r-sulplmr is as yellow as a cone. aq. soln, of potassium 
chromate. When a carbon disulphide soln. of A- and 7r-sulphur is cooled to —80^, 
the whole of the A-suIphur separates out leaving only Tr-sulphur in soln. If this 
soln, be evaj)orated, white, amorphous/ct-sulphur remains. If the solvent is removed 
at —80' , by a reduction of press., sulphur soluble in carbon disulphide with a small 
residue of ju-sulphur is formed. When soln. of A-suIphur and of mixed tt- and A-sulphur 
are exposed to a strong light, less /x-sulphur is precipitated with the mixed soln. than 
in the case of the soln. of A-sulphur. If tr-sulphur is really /x-sulphur more should 
have been precipitated from the mixed soln. The relative j)roportions of the three 
forms of sulphur can be determined in a given sample of sulphur; for, if solid 
sulphur be digested with carbon disulphide, the /x-sulphur remains undissolved; 
and if the mixed soln. be cooled to —80"^, the A-sulphur is alone precipitated. 
Sulphur which has been heated to the temp, indicated was found to contain the 
following proportions of these three forms: 



120*’ 

130’ 

140’ 

160’ 

170’ 

180’ 

220’ 

445 ’ 

^-Sulphur 

96-4 

95*4 

93-7 

89*2 

80'9 

731 

62*7 

59*1 

77* Sulphur 

3*6 

4 3 

60 

6-7 

6-8 

6-6 

6-3 

40 

A-Sulphur 

01 

0-3 

1*3 

41 

13-3 

20-4 

32-2 

36*9 


The amount of Tr-sulphur is a maximum in that which has been heated to 180"^; 
the quantity of /x-siilphur decreases as the temp, rises from 120® to 445®—the 
greatest rate of decrease is between 170®-180®; the proportion of A-suIphur increases 
with rise of temp. The change of tt- to /x-sulphur is at first very rapid, but the 
velocity quickly decreases and becomes very small when only a little Tr-sulphur is 
present. The effect of ammonia on the equilibria: is to increase the 

transformation of the Tr-sulphur more than it does /x-sulphur. A. Smith and co- 
workers found that ammonia accelerates the formation of A-sulphur from /x-sulphur, 
while iodine acts in the converse way. A. H. W. Aten found that iodine has no 
effect on the transformation The soft variety of ordinary /x-sulphur is 

really a mixture of all these varieties, but with the proportion of A-sulphur very 
small. In agreement with A. H. W. Aten, E. Beckmann and co-workers hold that 
it is TT-sulphur, not /x-sulphur, which is the cause of the depressed or natural f.p. 
of sulphur. Sulphur with its f.p. 114*5® has 2*78 per cent, of Tr-sulphur, not 3*6 per 
cent, of /x-sulphur, as A. Smith and co-workers supposed. E. Beckmann and 
co-workers showed that amorphous sulphur prepared in a variety of ways has no 
effect on the f.p., but this sulphur is readily transformed into a mixture of A- and 
TT-sulphur in the same proportions as is present in the fused mass. If the fusion is 
rapidly cooled after the addition of the /x-sulphur, only about 24 per cent, of the 
added sulphur is still insoluble in carbon disulphide. T^en added to a fused mass 
liaving a lower f.p. than 114-5®, /x-sulphur has no effect, but when added to one 
having a higher f.p., it has the effect of lowering it towards the natural f.p., indicating 
that at the higher temp, relatively more Tr-sulphur is formed from the /x-sulphur. 
When /x-«ulphur is heat^, it shows no sharp m.p., but, having reached 120®, it has 
at once the natural f.p. 114-5®. If a mixture of rhombic sulphur with about 5 per 
cent, /x-sulphur is melted, it has a f.p. about 2® lower than that of a sample of 
rhombic sulphur similarly treated, indicating that under these conditions, the 
/x-sulphur decomi)ose8 into 23 per cent. Tr-sulphur and 77 per cent. A-sulphur. When 
a sample of Tr-sulphur was added to a sample of natural sulphur, it lowered the 
f.p. slightly, indicating, however, only about 4-6 ^per cent. Tr-sulphur in the pre¬ 
paration. Both rhombic and monoclmic sulphur raise the f.p. of natural sulphur 
by increasing the proportion of A-suIphur. 
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1854; Proc. Poy. Soc., 7. 24, 185(5; T. Wada, Minerals of Japan, Tokyo, 1916; G. Pisati, 
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Proc. Poy. Soc. Edin., 26. 362, 1906; ZeU. phys. Chem., 57. 685, 19<d6; 61. 200, 1908 ; 77. 6(>1, 
1911 ; A. Smith and R. H. Brownlee, ib., 61. 209, 1908; H. J. Brownlee, Journ. Amer. Chem. 
Soc., 29. 1032, 1907 ; A. Wigand, Ueber Temp^aturabhdngigkeit der spezifischen Wwmt fester 
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1907 ; ZeU. phys. Chem., 72. 762, 1910; 77. 423, 1911; E. Cohen, ib., 109. 109, 1924; Proc. 
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474, 1910; Zeit. KoU., 6. 250, 1910 ; G. Quincke, 4nn. Physik, (4), 26. 625, 1908 ; R. Huenre, 
Joum, Pharm. Chim., (7), 28. 223, 1923 ; H. Freundlich and F. Oppenheimer, Ber., 58. B, 143, 
1926; Q. linck and E. Korinth, Zeit. anorg. Chem., 171. 312, 1928; B. Lange and W. Cousinfi. 
Zeit. phys. Chem., 143. 136, 1929; P. Mondain-Moval and P. Schneider, Compt. Rend., 186. 
751, 1928. 

§ 6. The Physical Properties of Sulphur 

The 0(dour at native sulphur may be straw-yellow, honey-yellow, yellowish- 
brown, greenish, reddish, or yellowish-grey, and even black owing to the presence of 
carbonaceous matter. C. F. Schonbein^ found that, at —50°, a-sulphur, and flowers 
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of .suij)iuii ;jR* almost colourless, and at 0 it is paler than at ordinary temp.; whilst 
at 100“, it is deep yellows R. Engel’s trigonal sulphur is orange*yellow. The colour 
of colloidal sulphur and of sulphur coiiipounds has been discussed abov^e. Pre¬ 
cipitated suljihur may be white or yellow according to the grain-size of the particles. 
Plastic sulphur is brown, and the darkening of the colour which occurs when sulphur 
is heated has been previously discussed. J. L. Howe and S. G. llainner said that 
the colour of the vapour varies with the temp., being orauge-yellow' - like A^-KoCr 207 
—just above the li.p. The colour darkens as the tem[) rises until it becomes deep 
red—resembling that of a soln. of ferric thiocyanate. The red is most intense at 
about 500^ ; the colour then bec'omes paler and jialer as the temp, rises until, at 
634°, it is strawy-yellow. A. N. Dey and S. Dutt studied the eHect of sul}>hur on 
the colour of compounds with suljihur. 



Fig. 11. —Forms of Crystals of Rhombic or a-Sulphur. 

Sulphur may occur massive, in powder, as incrustations, in stalactitic or 
stalagmitic forms, and in spherical or reniform shaj^es. The crystals of rhombic 
sulphur were obtained, in 1782, by B. Pelletier ^ by evaporating a soln, of 
sulphur in turpentine. J. Alexander observed crystallitic transition forms between 
colloidal and crystalline sulphur deposited from soln. in carbon disulphide in the 
presence of Canada balsam; they commonly occur in acute pyramids, sometimes 
thick tables parallel to the (OOl)-faces; and also with a spheriodal habit. 
G. Aminoff made observations on this subject; and G. Linck and E. Korinth 
noted the formation of difiusion rings and globulites in the evaporation of a 
soln. of sulphur in carbon disulphide thickened with rubber or Canada balsam. The 
angles were described by J. B. L. Rome de ITsle in 1783; and by R. J. Haiiy in 
1801. The rhombic bipyramidal crystals of a-sulphur were found by A. Brezina 
to have the axial ratios a\h: c=U*8108: 1 : 1*9005; N. von Kokscharoff gave 
0*81309 ; 1 : 1*90339 ; A. Scacchi, 0*813:1 : 1*906 ; V. Goldschmidt, 0*8138; 1 ; 
1*9051; L. Bombicci, 0*81264 ; 1 : 1*90880; A. Arzruni, 0*81365 : 1 : 1*89863; and 
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G. Iscliermak, 0*8130 : 1 : 1*0037. Observaticjns were also made ]>y H Baumliaiicr, 

K. Beierle, F. K. Bichowsky, C‘, Brame, K. Busz, 11. Buttgenbach, E. »S. Dana, 

L. Fletcher, G. Flink, P. Gaubert, P. Groth, F. Hessonberg, A. Johnsen, A. G. Keim- 
gott, R. Kbchlin, A. Maier, E. Manasse, E. Mitscherlich, G. A. F. Moleiigraaf, 
W. Muthmann, T. Nicolau, P. Niggli, L. Pasteur, A. Pelikan, C. Perrier, E. Quercigh, 
G. yoni Rath, V. Kosicky, A. Scacehi, A. Schrauf, E. C. Schroder, S. J. Shand, 
A. Simek, E. Tacconi,W. Vernadsky, W. H. Weed and L. V. Pirsson, V.R. von Ze])ha- 
rovich, and R. von Zcynek. Phe fundamental form of the crystals is sliown at A, 
l<ig. n ; B is one of the ]>rincipal forms of the crystal; C, by G. vom Rath, repr(\senis 
a crystal from Racalmuta ; D, by K. Busz, Ls from Wheatley Mines ; B, by K. Busz, 
is from Monte Poni; F, by A. Brezina, is from Oker; (j, by A. Simek, is from Kostai- 
nika ; //, by K. Busz, is from Wheatley Mines; J, and by A. Simek, are from 
Kostainika ; and L, by F. R. von Bichowsky, is an unusual artificial crystal. F. Ran- 
faldi discussed the crystallographic data of rhombohedral sulphur produced by 
volcanic eruptions. According to G. vom Rath, tw inning occurs about the (101)- 
plane ; and symmetrical penetration twins sometimes occur ; twinning also occurs 
about the (Oll)-plane, and rarely about the (llO)-plane. The cleavages on the 
(001)>, (110)-, and (lll)-face8 are imperfect. G. Wulff discussed the cleavage of 
sulphur crystals. A. d(is Cloize^ux gave for the optiC angles 2//o~103‘^ 18' 
for red-light, 104° 12' for yellow-light, and 106 ^ 16' for blue-light at 17° ; 2F^69° 2' 
for red-light, 69" 5' for yellow-light, and 69° 13' for blue-light. A. Schrauf gave for 
Na-light at 8°, 2K--69° 4' 50", 2(?-98° 19' 4", and 2i^=-103° 3' 55"; at 20°, 
2F--68° 58' 0", 2G-~97° 58' 9", and 2Zf--103° 6' 45" ; and at 30°, 2F---68° 53' 2", 
26^-97° 40' 44", and 2N J()3° 9' 6"; and for Tl-light at 8°, 2F~^ 68° 53' 48", 

99° 7' 11", and 2/J ~ 103° 54' 24" ; at 20°, 2F -68° 46' 11", 2^=98° 44' 51", and 
2/i--103°55'53"; andat30°, 2F- 68°39' 17", 2(B -98°23' 13", and2/7- 103°54'4". 

V. Rosicky, S. Kreutz, T. Wada, L. Bombicci, G. Aminoif, and S. J. Shand inves¬ 
tigated the corrosion figures and the symmetry of the rhombic crystals. A. von 
Fischer-Treiienfeld described the ring and dendritic structures which have been 
observed when thin films of liquid sulphur are allowed to crystallize. The effects 
are ascribed to the action of capillary forces, in virtue of which the crystalline 
aggregates exert an attractive force on the neighbouring liquid. Other forms 
have been indicated previously in connection with the freezing of molten 
sulphur. 

The tabular or acicular monoclinic crystals of S-sulpbur were found by A. Mit¬ 
scherlich to have the axial ratios a: b: c--0*9958 : 1 : 0*9998, and )8“95° 16'. 

W. Muthmann gave 0*99575 :1: 0*99983, 
and j3=95° 46'. Two forms of the 
prismatic crystals are shown in Fig. 13. 

Twinning occurs about the (100)- or the 
(Oll)-plane. This subject was discussed 
by E. Mitscherlich, A. T. Kupfler, 

J. J. Bemhardi, F. A. Quenstedt, 

R. Brauns, and P. Gaubert. The 
(110)-cleavage is distinct. E. Kordes 
said that monoclinic sulphur separates 
from a soln. of sulphur in naphthalene 


Fig. 12.—Crystal of y-Sulphur or le 
0 oufre Mere* 

or iodine. The so-called Dailon-sulpkur from the volcano of Daiton, Japan, was 
supposed by M. Suzuki, and T. Wada to occur in monoclinic prisms, but R. Ohaalu 
showed that the crystals are more probably rhombic. W. Muthmann gave for the 





Fig. 13.—Forms of Crystals of Monoolinio 



50 


INORGANIC ANT) THEORETICAL CHEMISTRY 


axial ratios of the mouoclinic ])lates of y-sul])liur, Fig. 12, a : b : c~ 1*0609 : 1: 0*7094, 
ami j8~91 ' 47. The angles ?/? : m--56*^ 4'; q : q 40^ 24'; o : o =60^ 0'; q : fn 
88'10'; o:q ^ 140^* 43'; and n : m- V2i^ 45'. The crystals 
\\ere also examined hv W. Salomon, and P. Gaubert. W. Muth- 
mann also sliowed that the hexagonal plates of 5-sul[diur, 
Fig, 14, are probably monoclitiic, with the crystal angles 
n:c- 70^ 30', tvir -70 ; and a ; w R. Engel's variety 

—€~sulphur was found by C. Friedel to crystallize in orange- 
u p lur. yellow' })lates belonging tirthe trigonal system. W. Schneider 
examined the [liezoelectnc effect. W. H. Bragg made some observations on the 
X-radiograill of rhomliic sulphur. H. Mark and E. Wigner found that the sjiace- 
lattice of the rhombic bipyramids has the diinenaioiis a -10*61 A., h 12*87 A., 
and c- 24*50 A.~ values twdce as large us those obtained by W. H. Bragg, who 
gave a 5*23 A., 5^0*43 A., and c--12*23 A. The elementary cell is estimated 
to contain 128 atoms, of which 16 are geometrically related to form the crystal 
molecule. The centres of gravity of the.se groups form a rhombic diamond lattice. 
H. Whitaker3 said that nacreous sul])hur forms six-sided plates with 3 pairs of 
opposite sides parallel. The colours are due to interference. The jilates gradually 
disintegrate into the more stable octahedral form. 

In 1690, R. Boyle gave 2*(K) for the specific gravity of sulphur vivum, and 
1-98 for that of a very fine sample from Germany. For native sulphur. A. le 
Roger and J. B. A. Dumas gave 2*080 ; (\ J. B. Karsten, 2*05001 ; R. F. Marchand 
and T. 8cheerer, 2*062 to 2*070 ; H. Koj>p. 2*069; G. vom Rath, 1*97 : 0. Silvestri, 
2*CK)1 to 2*009 ; and 2*00030 at 26^ ; G. Fi.sati, 2*0748 at 0^^ ; V. Goldschmidt, 

2*069 at 18 ’; G. Vicentini and I). Omodei, 2*0748at (P; R. von Bichowsky, 2*01 ; 
C. J. St. G Devi He, 2*070 ; and Bra me, 2*0757 ; F. Mohs, 2*072 ; and A. Schrauf, 
2*06665 at 16*75'^/14^'; and for the .>p. gr. of pieces of sulphur 2*0681Mj at 7*8D, and 
2*07019 at 23*28" ; 2*06939 at 8*25^ and 2*07060 at 26*05" ; 2*06974 at 8*64^ and 
2*07085 at 26-32"*; and 2*06984 at 8*27^ and 2*07057 at 25*22^ W. Spring gave for 
sulphur from Sicily, 2*0788 at 2*0688 at 20^ 2*0583 at 40'\ 2*0479 at G(P, 2*0373 
at 80'", and 2*0220 at 100"\ For roll sulphur, M. J. Brisson gave 1*9907 ; J. Dalton, 
1*98-1*99; C. W. Bdckmanu, 1*868; and T. Thomson, 1*9777 to 2*(K)()0, For 
sulphur crystallized from fusion, C. J. B. Karsten gave 1*9889. J. K. Gehler gave 
for flowers of sulphur, 2*086 ; and L. Playfair and J. P. Joule, 1 *913. J. S. E. Julia- 
Fontenelle gave for crystalline sulphur, 1*898 ; A. Breithaupt, 1*989 ; L. Playfair 
and J. P. Joule, 2*010 ; and L. Maquenne, 2*041 to 2*049 ; G. Bis<3hof gave 1*927 for 
sulphur crystallized from soln, ; R. F. Marchand and T. Scheerer, 2*0518 ; J, St. 
C. Deville, 2*063 ; E. Petersen, 2*01 in pieces and 1*99 in powder; L. M. Arons, 
2*07 ; L. Hecht, 2*06 ; and W. Spring, 2*0477 at 2*0370 at 20^ 2*0283 at 40", 
2*0182 at 60°, 2*0014 at 80°, and 1*9756 at 100°. E. Madelung and R. Fuchs gave 
2*0709. I. I. Saslowsky gave 2*07 for the sp. gr, of sulphur at room tiunp., and 15*5 
for the at. vol. C. del Fresno studied this subject. 

For soft sulphur, fused and poured into cold water, G. Osann gave 2*027 ; 
R. F. Marchand and T. Scheerer, 1*957 to 1*961; C. J. St. C. Deville, 1*919 to 1*928 ; 
and C. Brame, 1*87 to 1*9319 ; while for waxy sulphur, L. Playfair and J. P. Joule 
gave 1*921; and W. M. Muller gave 1*87 for amorphous yellow sulphur, and 1*91 to 
1*93 for brown amorphous sulphur. For the amorphous precipitated sulphur, 
L. Truest and P. Hautefeuille gave 2*046 ; and E. Petersen, 1*87. M. Topler gave 
for the sp. p. of insoluble amorphous sulphur—possibly /z-sulphur—1*849 at 40° to 
50° ; A. Wigand gave 1*878 for the sp. gr. of plastic sulphur, and D892 for insoluble 
amorphous sulphur; while W. Spring gave for insoluble sulphur 1*9566 at 0°; 1*9496 
at 20°; 1*9041 at 40°; 1*9438 at 60°; 1*9559 at 80°; and 1*9643 at 100°. M. Topler 
gave for the sp. vol., referred to unit vol. of liquid sulphur at 120°, 0*963 at 30° ; 
0*974 at 60° ; 0*995 at 120° ; 1*001 at 140° ; 1-007 at 160° ; 1*014 at 180° ; and 
1*021 at 200°. L. Playfair and J. P. Joule gave 1*801 to 1*815 for molten sulphur ; 
and W. Ramsay, 1*4578 to 1*5130—mean 1*4794 at 446°. G. Vicentini and 




SULPHUR 


57 


D. Omodei gave 1*8114 for the sp. gr. of sulphur at its iifr.p. IK^ ; H. Kopp. 
1*892 ; G. Osaim, 1*927 : and L. M. Arons, 1*811. For the sp. voL of Ihpiid sulphur, 
referred to unity at 12fr, M. To}>ler gave 0*933 at—20"^; 0*943 at O '; 0*951 at 20“ , 
0*900 at 40“ ; 0*969 at 00' ; 0*979 at 80“ ; 0*9889 at 100'; 1*0(KK) at 120' ; and 
1*0117 at 140'. A. ]V1. K<dlrr^ found for the s]>. gr., 

115 1" 134 O’ 14.^) .Z* 158 5’ 101 0" 17H3“ 3r>7 0' 445 0® 

D . 1*8094 1-7921 l-78(;7 1-7710 1-7704 1-7052 1-6505 1 5994 


hZO 



0" 20^40''so"80700W/^y60"m" 


Kio. 15. Volurno on 

Heating from 0° to 180*^. 


The results are plotted in Fig. 15. The break beginning at about 100“ is followed 
by a complete alteration of alignment. 

As shown by A. Bnuthaufit. the sp. gr. of ^-sul})hur is less than that of rhombic 
a-sulpliur. H. F, Marcliand and T. Seheerer gave 1*957 ; C. J. St. C. J3eville, 
1*958; H. Ratfike, 1*900; and E. T^etersen, 1-91. 

M. Topler gave 1*957 at 25*15 , 1*954 at 31", 1*950 
at 4F to 45“, and 1*802 at 120“; and the sp, vol. 
was 0*915 at 0“ ; 0*919 at 20“ ; 0*924 at 40“; 0*929 
at 00“ ; 0*935 at 80'; and 0*941 at 100“. R. Engel 
gave 2*135 for the sp. gr. of trigonal or €-su]})hur. 

The best representative values for the sp. gr. 
are 2*07 for a-siilphur : 1*90 for /}-.^ulphur ; and 
1*92 for amorphous sulphur M. ])elej)ine studied 
the substitution of sulphur for oxygen in various organic compounds as regards 
density ; he found that with the exce[>tion of hydrogen sulphide and tbio})ho3phoryl 
chloride, sul])hur compounds are heavier than their oxygen analogues. With the 
substitution of several oxygen attmis by sulphur atoms, the differences betw^een the 
d(‘nsities of the corresponding compounds increase, but this effect disappears as the 
mols. become more complex. Wliilst oxygen ethers are generally less dense than 
tlie isomeric alcohols, the sulphur ethers have about the same den.sity as the isomeric 
mercaptans, and the same js true for isomendes of the types X.CH.OR and X.C0.8R, 
but for com]K)unds of the types X.C8.N : and X.CN.S. the former have higher 
densities than the latter I. I. Kanmnnkotf observed that with 32 sulphur com¬ 
pounds, free sulphur has tlie mol. density 121*2, and this is also the value in those of 
Its com[»ounds in w^hich it acts as a bivalent element. When the valency increases, 
tfie mol, density increases by multijdes of 23*2, so that in the quadrivalent condition, 
the value is 144*4, and in the sexavalent state, 107*0. In compounds of different 
tyqies, the mol. density of sulphur sJiows a behaviour resembling that of oxygen in 
analogous comf)ouuds ; thus the value for oxygen or sulphur existing in the form 
(\0,0. or C.8.C. is 7 74 less than the value for the free element, whilst in C : S or 
(■: O, the value is increased by 4*84 

H. Macagno^ measured the gr. of soln. of sulphur in carbon disulphide at 
15“ ; expre.ssing the results in parts of sulphur per 1(X) parts of solvent he obtained : 


Sulphur . . 0 0*2 1*2 5*1 10*2 2() 1 30 2 37*2 

Sp.gr. . , 1*271 1-272 1*270 1*292 1 313 1*354 1 380 1 391 

If J) denotes the sp. gr. at 15“ ; and d, the sp. gr. at 0“, then D d ^ O*(K)14(0 15). 

C. Montemartini and L. Losana found that the .sp. gr.-temp. curve of solu id sulphur 

in nitrobenzene changes direction at about 90“, and has an arrest at 115 ; while 
3 and 20 per cent. soln. in acetamide have arrests at 42“ and 05“ respectively. 
G. J. Pfeiffer obtained for soln. with the following i)ercentage amounts of sulphur, 
the following sp. gr. at 1574“ : 

Sulphur . . 0 0-2 0*4 2*0 5*0 10*0 15-0 20*0 

Hp.gr. . . 1*2708 1*2717 1*2727 1*2802 1*2949 1*3195 1 3460 1*3709 

Some observations on the specific valume of the different forms of sulphur have 
been already recorded. Fig. 15 represents the vol. changes which occur when 
sulphur is heated from 0“ to 180“ when the vol. at 0“ is regarded as unity. M. Topler ^ 
gave 5*5 per cent, expansion. T. E. Thorpe calculated the atomic volume of the 
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sulphur atom in hydrogen sulphide, and thiocarbonyl chloride to be 28-4 ; in sulphur 
monochloride and thionyl chloride, 22-C; in carbon disulphide one sulphur atom 
^ other, 28*6. H. Kopp gave respectively 22'() and 28*6 ; 

and I. Trauhe, 10 to 1L5 and 15-5. H. Bull gave 27-8 for bivalent sulphur, 22*6 for 
qua^riva ent sulphur, and 12 for sexivalent sulphur. I. 1. Saslavsky, F. Schuster, 

. r. Halhraond, S. Sugden, and K. Donath and J. Mayrhofer made some observa- 
tions on this subject. W. Ramsay's result for the sp. gr. of sulphur at its m.p. gives 
Ji-b ; or for the sp. vol. 0*6757. E. Petersen calculated 15*9 for the at. vol. of 
a-sul})liur ; 16*4 for ^-sulphur ; and 17-1 for p-sulphur. According to I. Traube, 
the relative vapour density of sul]>luir vapour in the neighbourhood of its b.p. is in 
agreement with Trouton’s rule when special assumptions are made with respect to 
the complexity of the molecules of the vapour. F. Exner found tliat 1 c.c. of the 
^pour \\eighs 0*00575 grin., and of this vol. 0*00105 c.c. is occupied by matter. 
H. (j. Grimm and H. Wolff calculated for the atomic radius J *059 x 10“® to M14 
10-8 cm ; F Schulze 1-477 (oxygen unity). W. L. Bragg, and M. L. Huggins 
calculated l-C^ A. for the atomic radius; L. S. Kainsdell, 104 A.; B. Cabrera, 

1 lo A S'errari, 1-20 A.; W. B. Davey, 

1-03 A. to 104 A.; and W. F. de Jong and H. W. V. Willems, 1-04 A. Observations 
were made by V. M. Goldschmidt. L. Pauling, and E. T. Wherry from which it 
foUows that the effective at. radius for sexivalent suljihur atoms is 0-29 to 
., or neutral sulphur atoms, 1*02 to 1*04 A.; and for bivalent negative 
sulphur atoms, 1-74 to 1-84 A. 
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T century ago, the vapour density of sulphur at its h.p. was found by 

J. B. A. Dumas.e and E. Mitscherlich to be between 6-5635 and 6-9. J. von Liebig, 

his letters to J. .f. Berzelius, mentioned 
that he had obtained very variable results 
which he did not jiublisL H. St. C. De- 
ville and L. Troo^st gave 2*23 between 
860® and 1040® ; this corresjjonds Avith 
2*21 calculated for S2; A. Bineau, 2*7 
between 714® and 743®; and 2*36 between 

O 200 too 600 m 4000 /^200 ^ 

mm.pressure press., 6*3 at 60 mm. 

Fto. 16. - l8otlierm« for the Vapour Den- ’ said 

aities of Sulphur at different Pressuras. 4^^s,t the vap. density below 800° is greater 

than the value corresponding with and 
although the value 7*8 was obtained at 468®, the values in this region of temp, are 
not constant. W. Ramsay suggested that the mol. of sulphur at ordinary temp, 
approaches Sg ; that when the temp, is raised, the complex mol. dissociates into S2 
and Sg ; and that at still higher temp., the Sg-molecule dissociates into S^-molecules. 
A, Krause and V. Meyer found at 19*5°~2()®, in an atm. of nitrogen at 743 mm. 
press., the mol. approximates S7; and J. F. C. Schall, Sg. W. T. Cooke made some 
observations of the vap. density of sulphur in argon, etc. H. Biltz showed that even 
at some Sg-mols. are dissociated into Sg-mols., and at 900®, the dissociation 

C>8;e:i4b2 is complete. He said that there is no evidence of the existence of Sg-mols. 
because the vap. density steadily decreases with a rise of temp. The vap. density 
becomes constant only above 900®. G. Preuner and W. Schupp’s results are iUuB- 
trated by Fig. 16; they could not reconcile their observations with the assumption 
that only Sg* and 82-mols. are present, but inferred that Sg-, Sg-, and S2’*molB. are 
prej^nt. G. Preuner discussed the possibility of there being S4-mols. also present. 
U. Blcier and L. Kohn found that at temp, between 192® and 310®, and at a low 
u^*i approximate asymtoticafly to Sg as the press, is increased ; and 

H. Blitz and 6. Preuner also observed that at low temp., the results approach Sg 
as a iMxim^ value. I. Brockmoller represented the reaction 3Sg^4Se; Sg^SSg; 
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G. Premier and W. Sehiipf) found for the vap. jiress. in mm. of mercury, and the 
calculated values for the ])artial press. [Sg|, [ 85 ], and [ 82 ]. The results are shown 
graphically: 
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in Fig. ](>. A. Scott, and V. and U. Meyer found that the vap. density at 
1560^' is in agreement with 82 ; and likewise, H. Biltz and V. Meyer, at 1719'^. 
H. von Wartenberg found a mol. wt. of 50 at 2070^, 
showing tliat at this temp, there is an appreciable dis- fTTT 

sociation 82 ^ 28 . Assuming that the Sg-mols. represent | “ 

/x-sulphur insoluble in carbon disulphide, the proportion 

of 8 ^x-mols. in sat. sulphur va})our, calculated from the _y tl 

observed densities, is in agreement with the values de- ^ 

termined by J. Gal, but not with those of H. R. Kruyt. _ y j _ 

It is possible that at press, below 30 mra., S^-mols. are ^ __ 

also (contained in the vapour. From observations on the § -^ 

ex[)lo 8 ion of livdrogen sulphide with electrolytic gas, ^ 

H. Budde vvas able to show that in all jirobability the 
So-mols. dissociate into single atoms above 1800° ; and 

that at 2450'', and atm. press., about one-half the vapour Total and 

iH dis.s<,<-iate<l: ^ 2 S This reaction was studied by irZflerent 

V. Alexeett. 11. Staudmger and W. Kreis tried uiisuc- Molecular States, 
eessfully to isolate solid 82 by chilling the gas from 1000 ° 

to — 190°. V. Kistiakowsky discussed the mol. constitution of the liquid. K. Stock 
found that active sulphur can be prepared by a process analogous to that used 
for active nitrogen 

The various methods for determining the molecular weight of sulphur show 
that, in all })robability, this element, in the solid, liquid, or vaporous state (at a low 
temp.), has the complex molecule Sg, H. M. Vernon calculated Sg, for liquid 
sulphur at the b.j). ; and W. Vaubel, Su-jg. D. Pekar calculated Sg from the surface 
energy of soln. of sulphur in carbon disulphide, and in sulphur monochloride ; 
G. Guglielmo obtained Sg from the vap. press, of dil. soln. of sulphur in carbon 
disulphide, and 89 , with cone. soln.; and J. N. Bronsted, from the heat of sohi. of 
sulphur in benzene and choroform, obtained Sg. H. T. Barnes calculated (S 4 )„ 


Fig. 17.—The Total and 
Partial Pressures of 
Sulphur in Jlifterent 
Molecular States, 


from the sp. gr. of soln. of sulphur in carbon disulphide. The molecular complexity, 
calculated by A. M. Kellas from the molar surface energy, of A-sulphur between 115° 
and 160°, approximates Sg; and at higher temp., it approximates to Sjg. This 
agreed with the assumption that near 160° sulphur begins to polymerize to the com¬ 
plex 8 ig which remains stable up to the b.p.; and near 160°, 3 Sg^(Sg) 3 . Values 
calculated from P. Walden's, W. A. Kistiakowsky's, and P. Dutoit and P. Mojoiu's 
empirical relations agree with a complexity approximating Sg; from G. G. Longi- 
nescu’s relation, Si^; and A. E. Dunstan and F. B. Thole’s relation gives a still higher 
value. H. Erdmann, more or less arbitrarily, assumed that the ya-sulphur formed 
at about 160°, is Sg, the sulphur analogue of ozone, and he named it ihiozoive. He said 
that thiozone has the character of an acid anhydride, and is able to bring about the 
polymerization of eight-membered rings. Molten sulphur at 160° is therefore 


supposed to contain thiozone, which produces the dark colour, and amorphous 
i^s}n» which renders the mass viscid. He represented the molecules of the two 
different forms of crystalline sulphur graphically by the formulse : 
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8 - ^ N S=S—S=S 

II II II 

« --^8 8 8 ,S^S-_^S ^8 

^-Sulphur. a-Siilphiir. 

The former is suppused to represent inonoelinic sulphur, and the latter rhombic sub 
phur. The experimental evidence u[)oii which these formula* are based is very flimsy. 
The subject was discussed by M. Copisarolf. The formula Sg is in agreement witli the 
observations of J. N. Hertz on the effect of suljihur on tin* f.]). of na[)hthalene ; 
E. Kordes, naphthalene and iodine ; of S. I). Gloss, of a-./?-, and plastic sulphur on 
naplithaleue ; and yellow phos})horu^ : A. Borgo and M. Amadori, bromoform ; 
K. l^eckmami, and B. Hanslain, with iodine, and anthraquinone ; S. Tolloczko, 
antimony trichloride ; and A. Smith and \V. B. Holm«*s, and 11. Biltz, of fjL suljihur 
on molten sulphur. K. Paterno and K. Xasini obtained Sg with benzene soln. ; and 
S. P. Popolf found that with and/x-sulj)hur in benzenl*, or dimethylanilirie, the 

mob w't. is ])roportional to the cone. E. Beckmann and P. Geib observed that with 
freezing bromine, sulphur mono-bromidi* is formed. F. Olivari, E. Beckmann and 
co*w'orkers, and R. Hanslian measured the effect on the f.p. and b.p. of iodine, and 
obtained values corresponding with the mol. Sg. F]. Beckman, J. Sakurai, and 
A. Helff calculated Sg from the effect of sulphur on the b.p. of carbon disulphide ; 
E. Beckmann, and R. Hanslian, dipheiiyi; L. Aroustein and S. H. Meiliuizen used 
toluene, xylene, na}>bthalene, as wtH as carbon disulpliide ; (t. Oddo and E. Serra, 
carbon tetrachloride; W. R. Orndorff and G. L. Terrasse obtained S 9 with 
carbon disulphide, and toluene; 89 with sulphur monochloride ; and Sg with 
solvents having a b.p. al>ove the m.fi. of sulphur. G. Tirnof^df obtained 8(5 with 
chloroform, Sg with carbon disulphide, and S- to Sjq with benzene. E. Beckmann 
and P. Geib obtained S., with lii|uid chlorine, but probably sulphur monochloride 
was formed ; with boiling sulphur mouochloride, the complex sulphur molecules 
appears to be Sfilit into S 2 and even to atoms. In stannic chloride, or arsenic 
trichloride, a-, j 8 -, amorphous, and plastic sulphur form Sg-molecules. R. Auerbach 
found the mol. w^t. of sulphur (32*00)„ calculated from its effect on the f.]>. of pyro- 
sulpliuric acid with U*3117, 0*7775, and 1*2400 grms. of sulphur in 413*7 grins, of 
pyrosulphuric acid to be n -2*09, 2-13, and 1*86 respectively. Hence, the sulphur 
is in the diatomic form. Analogous results w'ere obtained with soln. of suljdiur in 
pyrosulphuric acid containing some sulphur trioxide. 

P. A. Daguin found that the crystals of a-sulphur have a hardness of 1*5 to 
2*5, on Mob’s scale ; F. R. Rydberg, and A. Reis and L. Zimmermann said 2. 
Rhombic sulphur is brittle, and crackles when warmed with the hand owing to 
the production of fine cracks. It is very friable after dipping in boiling water, but 
not so if slowly cooled. A, Breithaupt said that monoclinic, or ^-sulphur, is rather 
harder than a-sulphur. The effect of heat on the viscosity of molten sulphur has 
been already indicated in a general way. The observations of J. B. A. Dumas,® 
C. M. Marx, M. L. Frankenheim, C. J. 8t. 0. Deville, and G. Osann have shown 
in a general way that sulphur melts, forming a limpid liquid which begins to 
thicken near HifP, and becomes quite stiff at about 2()0'. G. Pisati said that 
the maximum in the viscositv curve is between 157'^ and 160° ; J. Brunhes and 
J. Dussy, 156^ to 157°; K. Bchaum, at 155°; P. Mondain-Monval, 160°; 
A. Smith and W. B Holmes, below 159*5° ; G. Pisati, at about 195° ; J. Brunhes 
and J.'Dusny, at 162° ; K, Schaura, between 168° and 250° ; and A. Smith and 
AV. B. Holmes, between 170° and 220°. C. Malus made some observations on 
the effect of temp, on viscosity. C. 0. Farr and D. B. MacLeod found that 
the viscosity of twice-distilled, but not gas-free sulphur, is ^0*1094 at 123°, 
and from this temp, falls to a minimum, 77=0*0709 at 150° ; it then rises to 0*075 
at 159°, but nothing of the nature of a strict transition point can be observed. 
Exposure to air in the molten condition, especially below 160°, has a marked effect 
on the viscosify above 160°. The effect is a slow one, the viscosity continuing to 
lise fur as much as 48 brs. on exposure to air for that time. The maximum for 
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purified,gas'free sulphur is reached at 200"^ when i7~215, while with purified sulphur^ 
not gas-free, after a long exposure to air, the maximum is about 7]=800. Crystal¬ 
lization has an ap])arent, but probably secondary, effect on the viscosity. It 
raises the viscosity of a low-valued sample and lowers that of a high-valued one; 
and the effect di8ap]>ears with a sample having 7;|~300 at 171°. Sulphur freed 
from gaseous impurities acts as a simple substance so far as its viscosity is concerned, 
since it is definite at any given temp., and is independent of previous heat.treat¬ 
ment. Sulphuric acid is the impurity which causes the variations in viscosity 
with sulj)hur which has been exposed to air. Changes in viscosity are accompanied 
by corresponding changes in the amount of insoluble sulphur present. The relation 
between the viscosity and the presence of allotropic forms of sulphur in the liquid 
has been discussed by M. L. Frankenheim, K. Schaum, F. Hoffmann and R. Rothe, 
A. Smith and W. R. Holmes, C. Malus, J. Dussy, G. Magnus and R. Weber, etc. 
L. Rotinjanz said that the changes of viscosity exhibited by liquid sulphur are 
not to ]>e attributed to the presence of amorphous insoluble sulphur. When the 
temp, of sulphur is increased at the rate of 0-27^ to MC per minute, the maximum 
viscosity is 52.000 (water unity) at 187^: if the rate of heating has been greater, 
the maximum occurs at higher temp. With sulphur, the temp, of w^hich has been 
lowered gradually, the maximum value of the viscosity and the temp, at which 
it occurs dej)end on the temp, to which the sulphur has been raised previously, 
a, b, c, Fig. 18, the higher the temp, 
to which the sulphur has been 
heated the lower is the maximum 
value of the viscosity, and the 
higher is the temp, at which it is 
found. Sulphur through which a 
current of ammonia has been passed 
has a maximum ^iscosity of 19,000 
at 180 ; sulphur containing 0-02 
per cent, iodine has a maximum 
viscosity of 56(K) at 225'', r/, P"ig. 18. 
whilst with a content of 0*77 per 
cent, iodine, the maximum visco.sity 
is only 300 at 265‘\ The relation 
of the vdscosity curve obtained with 
rising temp, to that obtained witli 
falling temp, is very much the same for these samples of sulphur as for pure 
sulphur. In the case of sulphur which has been treated with ammonia, there is 
a break in the falling branch of the visecisity curve at 210'\ marked also by a 
change of colour similar to what is observed in the case of pure sulphur at higher 
temp. L, Rotinjanz gave : 

12U® 170" 187’ 200^ 2-40° 2 :> 0 ^ 300" 400" 448" 

ri .11 30.000 r)2,0(KI 40,000 24,000 9000 2200 150 71 

The results arc ]»lotted in Fig. 18. 

H. Zickendraht ® measured the surface tension of molten sul])hur, and found 
that from the m.p. up to 160^ the surface tension slowly decrease's ; at 16Cr, there 
is a maximum of about 6 mgrms. per mm., and thereafter a rise to a maximum at 
250^^, wdion the surface tension is about 12 mgrms. per mm. After the maximum 
there is a rapid fall in the surface tension to about 300°, and subsequently a gradual 
fall to the b.p. at which temp, the surface tension is about 4*5 mgrms. per mm. 
He explained the results by assuming that above 160°, a new allotropic form of 
sulphur appeals in tlie system. Some observations on the ascent of the liquid 
in capillary tubes w^ere made by G. Pisati, J. F. C. Schall, and R. Schiff. Accord¬ 
ing to G, Capelle, there is a slight increase in the surface tension between 125° 
and 142°, and betw^een 142° and 160°, a large and rapid increase ; and at 160°, the 
liquid becomes too viscid to make observations by the method which he employed. 



I'^in. 18. — Viscosity Curves of Sulpliur at 
Different Temperatures. 
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He also assumed that a variety of A-suli^hur, which he called exists between 

125^ and 142*^, and another variety, between 142^ and lOO'’, but the 

latter may be merely a mixture of A^- and /x-sulphur, such that the formation of 
the latter commences at 142*^ and is complete at 160°^ W. A. D. Rudge found a 
change in the angle of contact between glass and drops of liquid suljihur at 185 " 
and 256°, the observed angles being 60°, 43*4°, and 26’r)° respectively at 130°, 

190°, and 260°. He found the surface teiusiou at 
133'" to be ]1'56 dynes per cm. At higher t.emj). 
the surface tension is anomalous, but there is no 
sudden change at the temp, at which the angle of 
contact of liquid dro])s exhibits variations ; but 
A. M. Kellas sliowed that this statement is based 
on an exj)erimental error. W. A. D. Kudgo said 
that the presence of mercury vapour changes the 
form of the drops of liquid sulphur and makes 
the .sulphur adhere to the walls of the vtvssel. 
A. M. Kellas found for mobile or A-suIphur between 
1194° and ]56-()4° the surface tension cr—6046 
to 56-38 dynes per cm., and the mol. surface energy a(iT/?’)’='“6534 to 615*9 ergs ; 
at 116*4°, 132*0°, 142*8°, and 155*6°, D--1-807, 1*795, 1*787, and 1*776 respec¬ 
tively; cr™59-48, 57*72, 56*77, and 55*08 dynes per cm.; and cr(il/?’)s™642*4, 626*1, 
617*7, and 601*6 ergs respectively, whilst for viscous or /i>sulphur, he obtained : 



155 8 ^ 

183 5 ^ 

211 0 

2ti ir 

2S0 0" 

362 0" 

357 0° 

445*0“ 

D . 

1-776 

1-765 

1-751 

]*7:u 

1-710 

1-699 

1-657 

1-605 

a 

55-82 

54-69 

62*83 

50 51 

48-55 

47-31 

U-27 

39-87 


, 609-6 

599*2 

582*0 

560-6 

544*1 

5,32-1 

506-5 

466-0 


The results are plotted in Fig. 19. A. M. Kellas gave for the specific cohesion 
of sulphur, a 2 ~ 0 .g at 119*4°. 

H. Rinde measured the osmotic pressure of a colloidal soln. of sulphur iu dil. 
hydrochloric acid sej)arated by a collodion membrane from dil. hydrochloric acid; 
the membrane j>otential has its highest value when the acidity of the colloid is small, 
decreasing when the acidity rises, and finally approaches zero. The curve for 
osmotic press, against acidity has the same shape as the membrane potential curve, 
but approaches a certain positive value instead of zero. This should correspond 
with the osmotic press, of the colloid particles themselves, but the values are 
actually in the reverse order to that expected from an ultra-microsco])ic examina¬ 
tion of the sols. AH the calculated osmotic press, are many times larger than those 
ob.served. It thus appears impossible to calculate either the size of the particles 
or the membrane equilibrium from the osmotic press. The adsorption of the 
chlorine ions by the sulphur particles varies with the cone, of iinadsorbed ions. 
L. Kahlenberg studied the selective dialy.sis of sulphur and sugar in pyridine soln. 
through a rubber membrane. 

H. Rose and 0. MiiggeA^ found that the deformability or plasticity of rhombic 
sulphur are not appreciably increased by heating up to 281° at press, of KXX) to 
19,600 kgrms. per sq. cm. T. W. Richards gave for the average compressibility 
of sulphur between 100 and 500 atm., 0*0000123 kgrm. per sq. cm.; 0*0000125 
megabars; or 0*0000127 atm. fl. Madelung and R. Fuchs gave 12*56x10^^ 
megabar per sq. cm. P. W. Bridgman gave for the compressibility of rhombic 
sulphur at a press, p kgrms. per sq. cm.: 



Fig. 19. —Spoci6c Gravities and 
Surface Tensions of Liquid 
Sulphur at Different Tenipera- 
tui-es. 
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,L D. Strong studied the BtreBs-atrain curves of jdastic sulphur. P. de Wolf and 
K. L. Larison gave for the tensile strength in lbs. per sq. in. of cement made from 
mixtures of fused sulphur and sand : 

Sulphur . . 25 35 40 45 50 100 per cent. 

Tensile strength 90 310 400 310 110 250 

The coeli. of linear thermal expansion was found by H. Fizeau to average 
0*CXXXX)413 at 40° ; and 0*040748 at 50°. J. Dewar gave 0-04384 between -190' 
and 17° ; H. Kopp, 0-044507 between 0° and 13° ; O-O4743 between 13° and 15° ; 
0-048633 between 50° and 78° ; 0*0^2007 between 78° and 97°; and O-O.^IOS between 
97° and 100°. A. Sehrauf gave for the linear expansion in the direction of the 
three crystal axes, a--0-040098165 ; h 0-047803127 ; and c ^0-041982486 at 17-96°, 
and O-O471384, 0*0486039, and 0-0421441 at 21-252°. The mean value at 17-96° is 



Fig. 20. -The Thermal Expansion Fia. 21.—The Thermal Expansion of 

of Liquid Sulphur. Viscid Sulpliur. 

0-04549593 ; and 0*0459621 at 21*252°. W. Spring obtained for the coefT. of cubic 
expansion, jS, and the vol., r, attained by unit vol. at 0°: 

0“ 20" 40’ 60^ so* 300* 

From ■ LOOOOOO 1*004243 1 009336 1*014632 1*023183 1*035408 

(•S2«oln.i/3 . -- 0 0,2122 0*032334 0 0,2438 0*0,2895 0*0,3541 

From fv , 1*0000000 1*0048616 0*10098893 1-0L>0350 1*0203378 1*0260503 

Sicily OO3243O 5*032470 0*0,2500 0*0,2540 0 0,2600 

J. Riissner found jS “0*0001723 between 20° and 65° for a-sulphiir which had been 
melted ; and for a-sulphur which had been crystallized from carbon disulphide, 
0-03147 at 10° ; O-O3I6O at 20° ; O-OgHO at 30° ; O-O3I78 at 40° ; O-OglSS at 50° ; 
and O-O3I86 at 60°. lie gave for the vol., v, at (?°, for unit vol. at 0°, r—l +0-03128^ 
+0‘05l8(^-—0-0715303 G. Vicentini and D. Omodei gave P=0'0^4:S2 at the m.p., 
113° before melting, and 0-033540 after melting. M. Topler found for molten 
sulphur, 0-CXX)4l between 20^ and 0° ; 0-00043 between 0° and 20° ; 0*00046 
between 20° and 40°; and 0-(XX)49 between 40° and 60°. Observations were made by 
(y. Despretz, H. Kopf), G. Pisati, S. Scichilone, and A. Smith and W. B. Holmes. 
A. Moitessier found the coeff. of expansion of yellow, mobile sulphur, A-S, decreases 
rapidly with rise of temp, from 110° to about 160°, and then, for brown, viscous 
sulphur,/x-S, rises rapidly beyond the minimum giving the V-shaped curve, Fig. 21. 
The following results by A. M. Kellas were calculated from the observed sp. gr., 
and refer to the mean coeff. between the indicated temp, and the next one; 


p . 

115* 

. OO343O 

134’ 

0*63439 

13S 2* 
0*03465 

145 5’ 
0*0,487 

151 5" 
0*0,490 

156 9’ 
0*0,282 

158 5* 
0*0,135 

1610* 

0*0,127 

p . 

io,r 

. O-UalTO 

171 3* 
0*0,194 

178 3* 
0*03298 

0*0,308 

210 0* 
0*0,344 

239 5* 
0*0,366 

278 5* 
OO3366 

337*-445* 

00,366 


They are shown graphically, in part, in Fig. 21, F. C. H. Wiebe gave 

Some relations between the m.p., b.p., and coeff. of expansion were studied by 

F. C. H. Wiebe, and P. Freuchen and V. Poulsen. A. Sehrauf gave for the coeff. 
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of linear expansion of monoclinic, or ^-sulphur at 21°, 0*0468486 for a, 0*0486039 
for 6, and 0*0421441 for c. These results are almost proportional to the ratios of 
the crystal axes. M. Topler found for the coen. of cubic expansion, /8 -0*0(X)27 
at 15°, and 0*00035 at 100°. M. Topler also gave for insoluble, amorphous sulphur, 
^==0*0003 to 0*0004 at 30°. 

L. Hecht found the thermal conductivity of rhombic or a-sulphur to be 
0*0017 cal. per cm. per sec. per degree of temp. G. W. V. Kaye and W. F. Higgins 
found for the thermal conductivity of rhombic sulphur: 

20 ® 40“ 95’(tranaition) 

k . 000065 00(X)r>l 000058 000055 000054 

for monoolinic sulphur 0*00037 to 0*00040 at 1(X)° ; for plastic sulphur at 20°, 
0-0(X)2 ; and for liquid sulphur, where the m.p. is 115°, and the change-point 
is between 160° and 170° : 

113“ 120*’ 140“ ]«0“ 165" 17(V 190’ 210 

k . 000031 000031 000032 000033 0-00033 0-00034 ()(K)03r> 0 00037 

H. V. Regnault found the specific heat of a-aulphur to be 0*1776 between 14° 
and 99°; P. L. Dulong and A. T. Petit, 0*1880 ; F. E. Neumann, 0*2090 for flowers 
of sulphur; and H. Kopp gave 0163 between 17° and 45°; R. Bunsen, 0*172 
between 0° and KXr ; 0. Silvestri, 0*1776 ; ?. M. Monval, 0*176 ; F. C. H. Wiebe, 
0*1710; L. Hecht, 0*187; A. Wigaiid, 0*1719 between 0° and 32°; and 0*1751 
between 0° and 95°; F. Koref, 0*1537 between —77° and 50° ; J. Dewar, 0*0109 
between - 253 and - 196" ; W. Nenist and co-workers, 0*1131 between -189*5° 
and —-80*7° ; 0*1537 between —76*9° and 0° ; and 0*1705 between 1*7° and 46*5° ; 
W. Nernst, 0*0300 at -250°, 0*0835 at -190°, and 0*1530 at --71° ; H. Harachall, 
0*118 between -"183° and —73° ; T. W. Richards and F. G. Jackson, 0*131 between 
—188° and 20° ; and 0. Forch and P. Nordmeyer, 0*135 between —192° and 14°. 
J. Heinrichs gave c=0* 15702-1-0*000343661 between 0° and 100°. W. A. Kurhatoff 
gave 0*1759 between 23° and 92°, and added that the at. ht. of sulphur at corre¬ 
sponding temp, is lower than those of the metals, indicating that the mol. of sulphur 
in the crystalline state is more complex than those of the metals. W. Herz dis¬ 
cussed some relations of the sp. ht. The sp. ht. of monoclinic or ^-sulphur is 
rather greater than that of rhombic sulphur. A. Wigand gave 0*1774 between 
0 ° and 33°, and 0*1809 between 0° and 52° ; W. Nernst and co-workers, 0*1187 
between -189*0° and —80*1°; 0*1612 between —76*2° and 0°: and 0*1794 be¬ 
tween 1*9° and 43*3°. W. Nernst found 0*0826 at -190°, 0*0920 at - 182°, and 
0*1498 at - 72°. F. Koref gave 0*1612 between - -76° and 0°. M. Padoa observed 
that the multiplication and intensification of bonds between atoms in solid 
polymerized compounds produces a marked decrease in the sp. ht., so that 
elements with sp. ht. lower than is required by Dulong and Petit’s rule, should 
have a considerable number of valencies. When the abnormal elements form 
solid soln., the complex atom is resolved into a simpler atom ; and hence the sj). 
ht. ought to rise with dilution. The S—Se-system agrees with this, for with solid 
soln. containing 4, 9, 28*77, and fX)*35 per cent, of sulphur 
the at. hts. were respectively 7-03, 6*00, 5*50, and 5*78. 
C. C. Person obtained for liquid sulphur, 0*234 between 
119° and 147°; and A. Classen, 0*232 between 116° and 
136°. J. Dussy found the sp. ht. of molten sulphur to 
be 0*279 between 160° and 201°, 0*331 between 201° and 
232*8°, and 0*324 between 232*8° and 264°. G. N. Lewis 
and M. Randall gave for the sp. ht. of liquid A-suIphur c 
=0*21+0*0001 6^; J. Heinxichs gave c==0*l546+0*000370 
between 112° and 210*5°. P. Mondain-Monval gave for 
liquid and vitreous sulphur respectively 0*220, and 0*290. For A-aulphur with 
3*1 to 5*5 per cent, of /x-sulphur they gave 0*238; for A-sulphur with 5*5 to 23*7 
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per cent, of /x>sulphur, 0*292; and for A-sulphur with 23*7 to 33*9 ]jer cent, of 
^'Sulphur, 0*203. The s]). }it. of li(pud «iil])hur was re]>rcsent(‘d hy the curve 
in Fig. 22 . 1 . litaka gave ()'199 for liquid .sulj>luir at I19h P. Mondaiii-xMurn.d 

gave ()*i7G for the «[). ht. of a-^ulphur ; 0 * 220 , for Ihpiid .sul])hiir ; and 0*290 
for vibcid suljjhur above 160"". 

From the above determinations, tbe atomic heats of a- and ^-^nlphur a])proaeh : 

--2;j0 71^ 0'^ - 190' ~ J82 - 72^ 0' 

Ai.ht. , 0<ai 2-70 1S7 55} 205 2-95 4*S0 S-OO 

a-sulphur /3-sulphur, 

The estimated at. ht. from the summation law by JI. Kopp is 5*52 ; by li. V. Ktg- 
naiilt, 5*68 ; by M. (ioldstein, 5 *'J 6 ; and H. Ibilf, 5*4 for bivalent .^ulphur, and 
3*8 for s(‘xivalent suijrhur. 

The early o)>servations (ui the melting point of a-sulphur—]04*5 , liy J. J. B(‘r- 
zeliu.'^d^' 107"' by J. H, A. Dumas, lOS^'-JOO® by J. Dalton, IIJ^ })y (L Quinekr, 
IIJ‘75 -"112*' by R. F. Mareliaud and T. Scheerer, and 112*2^" by 31. L. Franken- 
heim—were too low. L. M. Arons, and (I. Vicentini and D. Omodei gave 113 ; 
U. Pisati, 113 ’ to 113*5'"; F. F. H. Wiebe, 113*6"^; G. Tammami, 114A ; lb C. ib-odie, 
114*5 ; ami C. (h Ih 'rson, ami if. Koj)p, 115^. O. Silvestri found that my^tals 
from a Sicilian mine Jiad the m.j). 124' 125^", ]>ut this value is miicdi too iiigh. 
If. R. Kruyt, A. Smith and i \ M. (arson gave 112*8*" for tlie triple point of a-sulphur, 
liquid and vapour ; and for the natural m.]>. of a-sulphur with 3*5 ])er cent, ot 
/x-sulphur, 11, R. Kruyt gave 110*(F, and A. Smith and (h M. Carson, 110*2 . Tin* 
freezing point of sulphur has been previously discussed, ami it was shown by 
A. Smith and W . 13. Holmes that the ]>rcsence of a litth^ /x-sulphur may lower tlu‘ 
f.p. of A-sul])]iur, whi(di solidities as a-sulphur. The equilibrium condition.s are 
illustrated in Fig. 10, where 114*5 is taken as tlie natural m.}). of suljdiur wdiich is 
in equilibrium wdth 3*7 per cent, of /x-sulphur at that temp. By extrapolation 
it was found that the rn.p. of idealized a-sulphur, freed from/x-sul})liur, is 119*25‘k 

. Guertlcr and 31. Pirani gave 119*2'^‘. E. Beckmann and his fellow*-workers' 
contribiitiou to this subjec't has been discussed in connection wdth the allotropes 
of molten sulfdiur. The effect of jiress. is to raise the m.p.; thu.s, (C Tammann 
found the following m.p. at a press, of p kgnns. jier sq. cm. : 

P • 199 5;U 914 1318 158S 1838 2149 2950 3113 

M.p, 120*01"’ 129-9D lii*D ]5l*r 158-1"' 163*1'" ]70*r" IhOD 1901*’ 

H. Rose and O. 31ugge oliservod for p -19,3(X), the m.p. was 263". W. Hopkins 
observed a in.p. of 135*2'" at 519 atm., and 140*5" at 792 atm. The general effect 
of press, cm the m.p. is illustrated by the line OiO^^N, Fig. 6 ; the line O 1 O 3 shows 
that a-sulphur is transformed into /3-sulphur by press., as indicated previously. 
The m.p. of /S-suIphur was found by K. Schaimi to be 118*75"; by A. Wigand, 
118*95""; and by A. Smith and W. B. Holmes, 119*25'". A. Smith and W. B. Holmes 
found that the m.p. was lowered 42*5" by the dissolution of 32 grins, of /x-sulphur 
in KXl grins, of /3-sulphiir. The natural m.p. of /3-sulphur wdth 3*7 per cent, of 
/x- 8 ulphur, was found by A. Smith and (1 M. Carson to be 114*5 ; ])y C. C. Farr 
and I). B, Macleod, 114*6'"; and by H. R. Kryut, lll-tC. Fory-sulphur—that is, 
sou/re nacre —A. Smith and C. M. Carson gave 106*8'- -C. C. Farr and 1). B. Macleod 
obtained a similar result—and for the natural m.}). ofy-sulphur, 103*4 * C, C. Farr 
and D. B, Macleod gave 103*2"’. For €-sul]>hur, or trigonal sulpliur, R. Engel 
said that the m.p. is below^ 100'". For the variation in the m.p. owing to thc^ 
association of molecules of different degrees of c*omplexity, vide supra, A. Smith 
and W. B. Holmes found that the same liquid is produced by the melting of a- 
and ^-sulphur. R. Lorenz and W. Herz studied some relations of the transition 
temjj. and the m.p. ; and W. Horz, and J, Moyer, the rn.p., and the critical limits 
of existftmee of the liquid. 

C. Brame,^^ and C, Zengelis observed that sulphur gives off vapour at ordinary 
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temp, and biackcns silver in its vicinity. J. Dewar also (A)scrved the hubliination 
of sulphur in an evacuated tube, at ordinary temp., when one limb oi tne ^ ^ ^ 
cooled by liquid air. M. Rcrtlielot found evidence of the volatilization ot sulpnur 
in the drying chamber of a gunpowder work.. ; J. Joly noted that 
iizes at bo"" to 70"; and F, Jones found .suljihur can be volatilized at 100 ; ana 
T. C. Porter, that it can be suldinied at 100 in vacuo. R. P. Tucker found that 
(liHerent varieties of sulphur sublime slowly at ddlVrent tenij). lietvveen 
r)0". Ordinary ground sulphur suhlimes at 21 to 2b , siiblinu‘S sulphur at oO 
to 35^, and gas puriticatiou sulphur at 40 to lo , and the eoni]>arative rat<‘s vifere 
as 1 : b ; 80. R. J. Moss observtai that when some fragments of roll suljiliur were 
left sealed up in an exhaii.^ted tube, after 25 years, a minute (‘ly.stalline ^^ubiimate 
formed. A. Schrotter made an analogous ob.serxation. G. Aminoif found that 
with a sphere of rhombic sulphur, volatilization develo]).s jilane fac(‘s which corre¬ 
spond with the most important faces of the crystal. 

According to M. Chavastelon, the vapour pressure of sul])liur i.s api>reciable 
at ordinary temp, because if small piece.s of rhoml)i(‘ sulphur be ke])t in contact 
w itii or near to sheets of copper, silver, or lead, a circular tilm of sulphide fonns on 
the metal aroimd the .sulphur. The result is atlected by time, temp., and 
With dry air inside a tube within which was jilaced a quartz tube containing .ulphiii 
and wrapped round the outside with copper, silver, or lead win% no tarnishing (i 
the metal occurred at ordinary teni]>. and ex]K»''t‘d to liijiit for lb months, but svU 
moist air, a faint tarnishing occurred. 0. Kutl and H. Gmf found the va]). press., 
//, in mm. of mercury for siil]>bur between 4b-7 and 21: 

49 7' 78-3' 90-3^ 104 0' 414 V 32:5-8'' 141-0 172-0' 2113* 

J) , 0*0,34 0‘0;j23 0-0.^SU OOlJa 0 0285 0-0.">:i5 OI.31 0-029 3*14 

W, Matthies gave the following value, for the va]». ]>rcs... of Inpiid sulphur betoveen 
210-2" and 379-4" : 


222 4® 230 C" 241 2C.> 0 300 .'> * .*541 7'-’ .532 ' 3()3 (0 3/9 4 

P . •j-2 4*48 8*45 20*5 53*5 105*5 133*0 170 0 250*1 

M. Bodeiistein measured the value of p botw’een 374", when p ~-"240 mm., and 444-03 , 
when p--7b0 mm. ; and K. F. Mueller ami H. A. Burgess over the range 700 
to 800 mm. H. \\ Kegnault gave the following values between 390^ and 570 : 

390® 400® 440® 44.5® 4H0® 520® 5 40® 

P . 272*31 328 98 603 11 760 1232*70 2133*30 2730*31 3465*33 3877*08 


H. V, Regnault reqiresented his results by the formula log p-5-1545031 
™2-74457fX)a^ 387^ ^-here log a - 4 •998(>684 ; while V, Antoine employed log^ p 
--2*G150{2-734b-1000(6^+164) ; and V. Barus, log p-^19-770 4158^ i 

— 3-868/log 6, H Griiner represented his measurements with a-sul])hur, at u , 
between 50" and 100", by p~-cih^, where log 7*9225, log ?>—0-0395; while for 
values of 6 over 100", log a-3-8725, log 6-0-0316, and in i»luce of 6 put 100. 
He found: 


50® 


70® 


80® 

0*0012 


100 ® 

0*0072 


100 * 

000745 


105® 

0*0104 


110 ® 

0*0136 


120 ® 

0*0339 


a-sulpbur. 


jS-solphur. 


The observations of A. Smith and co-workers were made on fused sulphur contain¬ 
ing definite proportions of A and ^-sulphur. M. Volmer and L Estermann found 
the fraction a of vaporized sulphur condensed on a cooled surface, while the rest 
(1-a) 18 reflected, Ls between 0-2 and 0-5. R. Lorenz, and W. Herz studied 
some van press, regularities with sulphur and other elements. In cormecrion 
S th?varpre8s.^f sulphur, and Lord Kelvin’s (i.e. W. Thomson’s) formula 
{(»r the vap. press, of small ^ops of liquid—1. 9, 6—*W. Ostwald said : 
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Tho existence of such a difiercnco can bo deinonKlrated by putting a liquid whicli must 
not be too volatile, in a tube which is ovaeuat(*d and sealed, and tlicn [iioducing a dejiosit 
ot droplets on its walls. If tho tube be put aside fur some tunc, it will be ioiind that 
drojilets which were huger than the otliors at tir.it ha\e .surrounded t lu'inseh eH witli ( {e.xrcd 
Bpace.s showing tliat tia' neighbouring sinali droplets have distilled o\(‘r to the larger 
ones. Sulphur is a .suitable nmtt'rial for this (‘xiierunont. 

5. L. Jhgelow and H. M. Trimble siiowed tliat the clear zone (‘itinl liy \V. Ostwald 

is prodii(‘cd only when the e('ntral particle is solid. distillation was ol)serv(‘d 

to occur from the small drophds on to the large one.s if the droplets be all kept in 
the li(|uid state. 

The boiling point of sulfihur at different jire.ss. corre. p(» ids with tlie satiiralion 
vap. pres.s. at dilferent tmiip. just indicated. J. B. A. Dumas gave ItO’** at 
760 mm. ; H. V. Kegnault, 118-D at 760 mm. * J. W. Jlittorf, 447 ' at 760 mm. ; 
T. Carnelicy and W, (J. Williams, 446^-451'^; V, Meyer, 444*4'^ at 721 mm., 4‘55*6'' 
at 760 mm. ; A. L. Day and R. JT Sosman, 4t4*i ’ at 760 mm. ; W. Ramsay, 
446" ; J. M. Crafts, 447-D ; H. M. Vernon, and H. le Chatelier. : L. irolborn 
and F. Henning, 441-51"; C. T. Heyeock and F. H. Neville, H. L. Cailendar, 
\V. Matthies, and H. L. C.dlendar and E. H. Griliitlis, 414-53’; If. Calhmdar 
and H. Moss, 413-53 “143-55 ’; F. (I. Keyes, 441-52"-444-54^ ; P. ('h.tppiiis, 
144-6’; R. Rotlu‘, 411-7", Eumorfofioulos, 411-55\ and later Tll-61’; 
E. Henning and J. Otto, 144-tiO" ; P. Chappuis an<l J. A. Harker calculat<‘d for the 
b.p. at a ])res.s., p nun. of mercury, 360-498-7 0-1406539//--3143J41 x 10 -'p », so that 
in jiroximity with the b.p., — per mm. of mercury press. L. llolborn 

and F. Henning gave between 650 and 850 nun., 445-00’ j 0-0912(/) -7l>0) 

' 0-00<X)42(p- 760)~ ; J. A. Harker and F. P. Sexton, f^( 7 -f- 0 - 0901 (/>-—760) 
0 -0452(p—760)-, where 0q represents the }>.p. at 760 nun.; and K. School, 
411-55-i 0*0908(y> 760)—0-0447 (p- 760)-. F. Kralft and L. Merz found that in 
the vacuum of the cathode light, suljihur boils at 140", while at 40 and 115 mm., 
the temj). ui the vajiour of normally boiling suljihur is respectively 136’-138 5 
and 151"-152"; similarly at the same ])ress , the tem]>. of the vapour of 
colloidal suljihur is respectively 183"-187", and 199’ 202^; while the temj). 
of the colloidal sulphur is respectively 204’-'208\, and 223 -225". The exi^teI»(‘e 
of colloidal sulphur is thus dependent on the jirc.SvS. W. Meis.sner, E. F. Mueller 
and li. A. Burgess, and (I W. Waidner and G. K. Burgess discussed the 
b.]). of sulphur as a lixed thermometric point. M. Delepine observed that the 
sub.stitution of sul})hiir for oxygen in organic compounds usually raises the b.j)., 
except ill the casij of w^ater, and the lower alcohols, phenols, and acids. H. F. Wiebe 
studied the-relation between the b.p., the in.p., the sp. ht., the coeff. of expansion, 
and the at. wT. of the family of elements ; and K. Bennewitz, the vaporization 
coelf. M. Volmer and 1. Estermaun diseu.ssed what they called the coeff. of vapori¬ 
zation. According to E. F. Mueller and H. A. Burgess, tho presence of 0-05 per 
cent, of arsenic in the sulphur has no effect on the b.p., but 0-10 }K*r cent, raises 
the b.p. 0‘02"; 0*05 per cent, of selenium, togetlier with 0-10 per cent, of arsenic, 
raises the b.p. 0-08", and 0-10 per cent, of arsenic and 0*10 per cent, of selenium 
raises the b.p, 0*09". The b.p, of pure sulphur at 760 mra. press, is 421-73", and 
the b.p. Of,, at a press , p, betw^een 700" and 800" is ~ 444-60-(-0-0910(p~~760) 
—0-000049(p-“760)-. A. W. C. Menzies observed that the results are the same 
whether the b.p. is determined wdth fresh or with aged sulphur. 

6 . Tammaim gave 151" and 1320 kgrrns. for the constants of the triple 
point of rhombic sulphur, and H. W. B. Roozeboom gave 131" and 400 atm. 
H, R. Kruyt studied the relations between the three triple points (Fig. 6) of sulphur. 
H. Rassow gave 1040" for the critical temperature ; and A. M. Kellas calculated 
a critical temp, of 1390" for mols. of complexity ; and 766" for mols. of com¬ 
plexity S(j. The subject was discussed by F. Michaud, and E. van Aubel. C. C. Per¬ 
son found the heat ot fusion of rhombic sulphur to be 0*300 Cal. per gram-atom or 
9*37 cals, per gram at 115"; and for monoclinic sulphur, A. Wigand found 0*33 
Oal, per gram-atom, or 10*4 cals, per gram; while P. M. Monval gave 9-3 cals. 
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])rr uiam l\ Stratton and t), R. Partington gave 8-85 euls. ])er gram of mono- 
ciimc bidpbnr ; J. Hoinrirh^, ^-855 c-als. })rr gram ; and (i. N. Lewis and M. Ran-' 
dull, l i‘\> cal&. j'or gram foi rhombic siilphur in a state of tnjnilibriiim at and 

ll*r> cals, per gram lor munoelmie sulpliur ; tlie heat of fusion to form ]>uro liquid 
A sulphur Is J i*.') ciiK. for rliornfue sulphur, and 11*1 cals, fur inonuclinic suljdiur. 

I . Traube obtaiui'd n (\d. per gram for tlie heat of vaporization at when 

the calculated value is (a) G. (\ JVrson gavn‘ 362 cals. ])er gram, i^r 11*58 

Gals, pel gram-atom. d. 11. Awberv gave 7d Gals, jier gram. F. S. Mortimer 
made observations on tins subject Ht‘ calculated lt)*92 Gals., ami gave 15-670 
for Trenton’s constant. h\ A. Henglein .studied this subject, (G IVeiimT and 

J. Hrockmoller calculated that the passage <»f 01 grins, of solid rhomliic sulphur 

into gaseous S 2 -mols. is aiTompanied by an absor[)tion of 32,500 cals. (G i^reumu’ 
and \V. Schiipj) gave 28,*^00 c<ds., and they c<dculatcd that in the reaction 3S^ 4S«, 

29,000 cals, are absorbiui ; in the nan-tion -3So. OUXt cals, are absorbtal ; the 
change of gaseous to IS^ abs*>rbs 05,000 cals. : the beat of vajiorizatiou ot .solid 
88 to ga..eous S^-nu4s . is 20,<HK) cah ^ wliile for the t'ouversioii of 8 S-S(»lid to 

gaseous mols . 115d>00 caG. are ab.sorbed. F PoilitziT gave for tlie ctmversion 

of solid v^tilplmr to S^-nnds.. an .ibsor[)tion (»f 28,500 cads. N. iijernun tried un- 
hijccessfnlly to calculate the Insit of the reaction ^S 2 ^~ 2 S at 2299' and 3404''\ from 
tlie explosion of h}'drogen sulphid<^ wiih electrolytic gas in a (udorimetric bomb. 
For the heat of combustion of rhombic or a-Mii]>hur, P. li. Dulong gav(‘ (a-S, (> 2 ) 
--83*2 (’al^. ; if. Ift‘ss. 82-2 Gals. : T Andrews, 73*8 Gal>. , P. A. Favre ami 

J. T. v^ilbernuiiin. 71*01 7G2 (\ils. ; M Bcrtbelot, 69-1 Gals. . T. Thom.sen, anti 

E Peter.sen, 71*08 Gal^. For inonocimic or ^-sulphur, F. I’homsen, and FG IVter- 
seii gave 71*72 Cals. ; and for msolubh*, amorphous, or/x-sulphiir, FG Petersen gave 
71*99 Cals. if. (Gran found for th»‘ heat of formation, Q Gals,, of .sul[)hiir dioxide 
and the ratio, of stjlj>hur eunv(*rted into trioxide to tlie total weight of siilfdiur 
when that element is btiriu'd at a press of /> atm. : 

p . .1 2*r» 5 ir> 20 25 35 45 

Q . . 09*8 7003 7] no 7405 75 52 77-88 80-26 81-13 

H , . 0-142 0-165 O-lsS 0-219 0*228 0-294 0-312 

J. Thomsen compared the heat.s of coni}»u.stion of nuiuerons organic snljihur corn- 
pounds ; and W. Svientoslav'.sky concluded that the heat of formation of the link¬ 
ing G.H is greater in sulpiiides than in the corresfxmding mercaptans. A similar 
result wais obtained with the corresponding ethers and alcohols. E. Mitscherlich 
observed that a rise of temp. (*ccurs during tlie tran.sformation of jS- to a-sulphur, 
eq. to 2*27 units of heat. This is eq. to 0 063 Cal. at 15^^' in grain-atoms. T. Thomsen 
said that the heat of transformation is 0*64 Gab; for the tramsformation of /x- 
into a-sulphur, L. T. Keiclier calculated 0*081 Cal. at 95*6’'; G. Tamniann, 
0*086 Gal. : J. N. Broustecl, 0*077 Cal. at 0 "; and H. R. Kruyt, 0*105 Cal. at 
96G A. Wigand gave --7*180 Cals, per mol., for the iieatof transition from the 
soluble to the insoluble form at 117*1" to J19'()" as compared with — 6*0 Cals, at 
126*3" ; -~5*39 Cals, at 131*0 \: and - *1-70 Cals, at 135*9". E. Petersen gave 0*91 
Cal. per gram-atom; and H. von Wartenherg, 0*72 Ca). M. Berthelot found for 
the heat of the transformation of amorphous insoluble into amorphous soluble 
sulphur, 0*086 Cal, per gram-atom ; and A. Wigand for the conversion of amorphou.s 
soluble-sulphur into a-sulphur, 0*64 (^'ai. per gram-atom. P. Mondain-Monval 
found that the heating and cooling curves of molten sulphur show discontinuities 
at 162*8" and 157*7" respectively; the heat of transformation of rhombic to mono¬ 
clinic sulphur is 2*7 cals., and of liquid to vitreous sulphur, 2*8 Cals. According to 
R. G. W. Norrish and E. K. Rideal, if V cals, denotes the critical increments of the 
reaction at 300", and n, twice the number of free bonds of sulphur produced w^hen 
the sulphur reacts, then for ^( 2112 + 82 ) gaseous reaction C—51,460, and 

r/n—12,865 ; for H 2 +S surface reaction, C=25,750, n—2, and C/n—12,876 ; for 
the dissociation of the gas from H. Budde’s result, J 82 - 2 S, (/—50,000, w=4, and 
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C/n—12,500; for liquid sulphur to S 2 'gas, E. Pollitzer's result, T // J, 

and U/w— 14,000 ; for the latent heat of liquid sulphur per gram-atom froju C. (\ Per¬ 
son's result, 11, G(X); for the allotropic change of iKpiid sulphur, 25,750, 

n~2, and (\hf 12,875; for the reaction A of S f O 2 , f’ -25,750, n™2, and 
cyn™12,875 ; and for the reaction B of S+O-i* ^' -37,450, h— (5), and f 7^ — 12,480. 
This shows that llie critical increment of the reaction is a constant numerically 
equal to one-half the work r(*quired to create one free sulphur bond. The subject 
w^as discussed by A. M. Taylor and E. K. Rkleal, M. Born and E. Bormann, M. P>orn 
and W. Gerlach, and J. Fraiick and P. Jordan. For tlie heat o£ solution of a gram- 


atom of sulphur in benzene, S, U. Pickering gave - OdiOO Cal. ; in cljloroforni, 
~-0'097 Cal. ; in car})on tetrachloride, —0-024 Cal. ; in carbon disu]])hide, - 0*024 
Cal. ; and in ether, - 1-199 Cals A. Wigand found the heat, of soln. of rhombic 
sulphur m carbon disulphidi^ is 12-3 cals. : and of soluble amor[)liou& sulpliur, 

1-0 Cal. per gram P. Mondain-Monval found the lieat of transformation for 
liquid to viscid sulphur at 100 '' i.s 2*8 cals ])er gram ; and the transition a- to 
j3“Sulj>Iiur absorbs 2-7 cals. ])er gram. (1. N. Lewis and (o-w’orkers tound that tln^ 
free energy of formation of /:^-sulphin is 17*5 cals, when that of a-sulphur is zero ; 
for Ii(|Uid A-Hul})hiir, iU cals. ; and equihbiium mixture of A- and p-sulphur, 
-- 0*8 Cal. G, N. Lewis and cieworkers gave 7-0 for the entropy of rhombic sulphur, 
and 7-8 for monoclinu sulplinr ; and B. Bnizs gave 9-t) at the rn p. VV. Herz 
di.^cussed th<‘ subject W. C McC. Lewis calculated that the critical increment of 
tlH‘ energy which must be added to a molecule of sidpliur, in excess oi the 
average tmergy, in order to produce a S 2 molecule from the corn*sj)onding ({uantitv 
of Sjj-mo(ecules IS 117,000 cals ; or 755,(XK) cals, per gr.im-atom, K. Kf)ides cal¬ 
culated cals 7' 0*775 for S , 5*1 for 84 *. 1-0)5 for , and (r2 for Sr. S. Paghani 

found that tlie theoretical temperature of combustion of sulphur in tiie calculated 
pro])ortioii (J air is HUti jit constant pre^K , and 2 (HM) at < ou.stant vol. K .lelbiiek 
and A. Dcnbe] calculated the chemical constant, 1 ^'b‘b of sulphur vapour. 

According to W. H Wollaston, o* flic liglit refracting ])ow'er of a-sulphur to 
tliat of water is 0-201: 1-330, A. des (doizeaux gave for tlie indices of refraction 
of Sicilian sulphur at \1 , ji 2-023 for rcd-iithmm light, 2-013 for yellow-sodium 
light, and 2-(t82 for blue light. A. Schraiif gave a l-93t>5l, jS 2*02098, and 
y '2-22145 for the/Mine , a 1*95017,/? 2*03832, and y 2*21052 for the/bline ; 
a1*90125,/M 2*05443, andy 2*25875 for the A’-line ; anda 2*01704,/3 2-11721, 
and y -2-32967 for the //-line. A. Gornu gave a * 1 * 958 , [3 -2-038. and y~2-240 
for Na-light ; \V, Schmidt, a -1*9760, /3-2*0580, and y--2-2759 for TMight; 
a =1*9570,/3 2-0379, and y 2-245*1 for Na-ligbt; and a-1-9395, ^ 2-0172, aiul 
y~-2*2159 for Li-bght at 207 L. M. Arons gave 2-080 for solid sulphur and 
1*962 for molten sulphur with the /)-line ; and 


H. Becquerel gave 1*9290 at 114' for the />-lim\ 
For monoclinic ^ sulphur, for Li-light, A. Schrauf 
gave a-r--2-218503 at 8", 2-215780 at 20 . and 
2*212930 at 30 ; ^ * 2*01937 at 8^ 2*01709 at 2o , 
and 2*014160 at 30'^ and y 1*94157 at 8, 
1 *93975 at 20°, and 1 *93770 at 30°. For Na-light. 
a=:r*-2-248350 at 8°, 2*245159 at 20°, and 2-212202 
at 30°; jS--2*040128 at 8 ’. 2*037697 at 20 , and 
2*02534 at 30°; and y - 1*959708 at 8'\ 1*957914 
at 20°, and 1*955999 at 30°. For Tl-light, a 
- --2*278792 at 8°, 2*275449 at 20", and 2*272552 



at 30°; -2*001080 at 8°, 2*058049 at 20°, and 

2*050096 at 30° ; and y - 1-978142 at 8°, 1*970370 
at 20°, and 1*974283 at 30°. E. Schniidt gave 
the results indicated in Fig. 23 for the indices td 


1 n 23.- The Indices of Hefrae 
lion ol Hbombi( and yioltf’n 
Siilpioir. 


refraction of rhombic sulphur, and he found the coustaii1t> in fj,- A'-) 


to be for the a-index A'—255*49, w=2*4292, and n/--1*1392; for the j8-index, 
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A' l-OSOl, and m' 2*2420; and for they-index, A'-- 271*68 ,/m—2*7580, 

anrl m'^ J-7987. He also pive for molten sulphur, Fig. 23 ; 

A . . 300 r> 4ns 425 441 40S 4S0 508*5 537 508 

/i . . 2 0r,^ 2*051 2*020 2*010 1*080 1*079 1*950 1*046 1*027 

i\ Cuthhortson ami K i\ Alei(*alf<‘ represented the refractivity of the vapour of 
sul])hur byl*(K)1046{l-f-‘l^bA^-XlO They said that the refractive index 
for infinitely long waves is, within 2 per cent., four times that of oxygen; the 
dispersions also are as 1:1. P. Mondain-Monval and P. Schneider ol)served a 
break at 100' in the index of refraction curvo lietwecn 120 and 200 . \ . Rergholf 

found the refractive ind('X,p,, of </ grnis. of sulphur in PMJ grms. of carbon disulphide 
at 15' to })c : 

g . 0 5 10 15 20 25 

/i . l-6;tl72 1-01294 1-65204 1-66333 1-67232 l-OSKH) 

^J'he iii(h‘x of refraction with .soln. of different concentration changes almost the 
same with variations of tem]>. The s[). refraction, 0*1073 at 15 with the /^-formula 
and 0*280-0*276 at 25^" with the /a--formula, is almost inde])endent of the cone, 
and temp, of the soln. Observations were also made by ('. Forch, and 
C. E. Ouignet. H. O. Madan gave 1*778 for the refractive index of a sat. soln. of 
sulphur in methylene iodide at 1() with 7>-light ; and 0. Rossi and A. Manescotti, 
for soln. of colloidal sulphur in sulj)hnric acid. The birefringence of sulphur 
is high. G. Quincke measured the 0 }>tical properties of sulphur cooled from the 
li(|uid state under different conditions. T. H. Havelock gave for the mol. refractivity 
of 8''. 8*19. K. Spangenberg compared the mol. refraction of tlu oxides, suljdiides, 
selemdes, and tellurides ; and W. Htrecker and R. Spitaler, tlie relation betw^een the 
index of refraction and the structure of organic sulphur compounds. 

According to M. Delepine, in sulphur compounds, singly-Iinked sulphur has a 
mean at. refraction 7*84 ; except in the case of carbonyl joined to sulphur when the 
constant may be 9*26 as in C 8 (OMe) 2 , or 9*68 as in CjH 5 .PS.OEt, and similarly 
constituted substances ; and further variations o(‘cnr as the compounds considered 
become more complex. In the case of sulphur singly-linked in nitrogen compounds, 
as in C 2 H 5 . 8 .SN, or NEt 2 .C(: NP]t). 8 Et, the mean at. refraction is about 8 OC), but it 
shows considerable variation in the iminothiocarbonates and imiiiodithiocarboiiates, 
and in the thiocarbamides becomt's 10*75. In isomeric compounds containing 
sulphur similarly linked, the refractive indices are of about the same value, but an 
isomeride containing doubly linked sulphur always has a higher refractive index 
than one containing singly linked sulphur. The atomic refraction for //a-ray, 
with sulphur, in its three states of aggregation, was found by R. Nasini and T. Costa 
to be 15*5 to 16*0 respectively with the ^-formula, and 7*7 to 8*2 wdth the /ix^-formula. 
With the /A-formula, E. Wiedemann found 14*04 for single-bonded sulphur, and 
15*20-17*45 for double-bonded sulphur; while with the /i--formula, single-bonded 
sulphur gave 7*94, and double-bonded sulphur, 9*09-9*44, R. Nasini gave for single- 
and double-bonded sulphur, respectively, 14*10 and 15*61 with the /x-formula, and 
7*87 and 9*02 with the ^^.formula—using the /famine. According to J. H. Glad¬ 
stone, the at. refraction in its three states of aggregation ia 14 for single- and 16 for 
(louble-bondefl sulphur. The at. dispersion is, respectively, 1*2 and 2 * 6 . R. Nasini 
found for compounds of the type SX 2 , where X denotes hydrogen, a halogen, an 
alkyl-radicle or a metal, the at. refraction is between 11*78 and 17*05 with the 
jLi-fornmla, and betwi‘en 7*52 and 8*51 with the p,2.formula ; if in compounds of the 
type 8 X 2 , the sulphur is connected with a carbon atom which is in turn united with 
oxygen or nitrogen, the at. refractions by both formulae are in agreement, and also 
with the results with 8 X 2 compounds. In polysulphides containing a 8 —S-group, 
in compounds of the type XS„X, where X is a univalent metal or radicle, the at. 
refraction with both formulae are neayly the same ; the sulphur in compounds with 
the S~-C-gTOup, and the sulphur in sulphur dioxide and its oxy-derivatives has a 
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high refraction and dispersion; while in sulphines of the ty])e SX^, the at. re¬ 
fraction has not a constant value. I. I. Kannonikofl found the at. refraction of 
bivalent sulphur is 14*1; quadrivalent sul}>hur, 8*72 ; and sexivalent sulphur, 4*85 ; 
while H. Hertlein obtained for bivalent sulphur, respectively with the jx- and 
/x-fonnuk', at 2 ()'\ and Na-light, 14*44 and 8*4b for KoSoO^^-; 14*70 and 
8*53 for K 2 ^ 30 o K 2 S 40 (^ ; 15*53 and 9*02 for 1 ^ 2840 ^ — KoSr.Oo ; and 14*30 and 

8*30 for Ha 820 o HalS^Oo. Observations were also made by E. Kettclcr, 
G. H. L. Hagen, J. A. Wasastjerna, A. Schrauf, R. Nasini and G. Garrara, and 
S. Opolsky. 0. P. Smyth studied this subject; and J. E. Calthrop, the relation 
between the at. vol. and the index of refraction. 

E. L. Nichols and Jb W. Snow found the reflecting pOWer» E, of molten sulphur 
for light of wave-length, A, to be ; 

A . . 0(185 r»080 5570 4920 4685 4500 4340 

,,j25^ . --OOS2 0()51 0034 0*571 0-318 0-103 0-055 

^‘)]03' . --0-457 - 0-30S 0 332 0-205 0-094 0-040 

J. Kerr 20 found that the electromagnetic rotation of the plane of polarized light 
by sulj)hur i.s strongly positive, and H. Beccjuerel found that Verdel’s constant for 
liquid sulphur at 114^ with Na-light, is 0*0803. M. A. Schirmann, and G. I. Poke- 
rowsky studied the polarization of light; B. Ray, and S. Venkateswaran, the 
scattering of liglit by sulphur suspensions; and Y. Bjornstahl, the electric double 
refraction. J. C. Mcljcnnan and A, F. McLeod found that the Raman efiect in 
liquid sulphur agrees with the assumption that weak di-poles S*- are present. 
The sul)j(‘ct was discussed by C. P. Snow, 

Tlie flame spectrum of sulphur or of hydrogen sulphide is continuous, but if a 
hydrogen ilame contains only traces of sulphur, a band spectrum is produced. 
G. Salet^i preci[)itated sulphur from the blue flame of burning sulphur by chilling 
the flame ; W. R. E. Hodgkinson also said that a flame of moderate size will deposit 
sulphur on the cold surface of a substance placed in it, and hence he supposed that 
sulphur volatilizes before it burns, without considering if the sulphur came from the 
sulphur dioxide. W. I). Bancroft and H. B. Weiser showed that sulphur can be 
deposited from a hydrogen-sulphur dioxide flame. The band sy)ectrum of sulphur 
w’as first observed by E. Muldfc, by heating sulphur near the orifice of a glass tube 
from which there was a flame of hydrogen. G. Salet increased the luminosity of 
the flame by causing it to impinge on a stream of water falling vertically. G. Salet 
thought that this spectrum is the same as the spark spectrum in the vacuum-tube, 
but A. Schuster added that G, Salet’s observations make it appear as a new sj)ectrum 
where some of the lines may coincide with those obtained with the spark spectrum. 
Observations w('re made by W. F. Barrett, M. Faraday, R. Bottger, A. J. Angstrom, 
C. H. L. von Babo and J. Muller, A. Mitscherlich, J. J. Hopfield, H. C. Dibbits, 
K. Heumann, J. Salet, H, W. Vogel, W. H, Julius, W. N. Hartley, L. and E. Bloch, 
U. K. Bhattacharyya, P. Lacroute, and R. J. Strutt. If sulphur be heated in a 
vacuum tube, and the jar-discharge passed through the vapour, the spark-speotnim 
or the line spectrum appear.s, and the following lines are the most prominent: 5660, 
6640, and 5605 in the yellowish-green ; 5562, 5508, 5471, 5425, 5439, 5430, 5342, 
5320, 5215, 5201, 5143,^ 5103, 5033, 5013, 4993, 4926, 4919, 4903, 4885, 4816, and 
4716 in the green ; and 4552, 4525, 4486, and 4464 in the indigo-blue region. This 
spectrum was first mapped by J. Pliicker and J. W. Hittorf; and J. M. S^^guin 
obtained it by passing a spark through the vapour of sulphur heated in hydrogen 
at atm, press. 

If the ordinary discharge he passed through a vacuum tube, in which the sulphur 
is kept boiling, the so-called band spectrum is produced. This spectnim was ob¬ 
served by J. Pliicker and J. W. Hittorf ; and Q. Salet first observed it as an absorp¬ 
tion spectrum by passing the light through sulphur vapour at a high temp., and this 
was confirmed by D. Gernez, and J. N. Lockyer. J. I. Graham found that photo¬ 
graphs obtained at constant press, over the above interval of temp, show that two 
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distinct absorption spectra are present, and these are attributed to the molecular 
complexes Sg and S 2 , and that above 580"' the Sg-molecules dissociate directly 
into the diatomic molecules, whereas at or below 520° dissociation takes place with 
the formation of molecules which are intermediate in complexity. The bands have 
a sharp limit in the violet and they shade olf in the red. The more important bands 
are at 5386, 5221, 5191, 5089, 5041, 4991, and 4946 m the ^reen ; 4841, 4796, 4656, 
and 4616 in the blue ; and 4471 in the indigo. Observations on the spark spectrum 
were made by J. Pbicker, W. A. Miller, A* Mitscdicrlich, G. Salet, A. Ditto, A. J. Ang¬ 
strom, R. (.apron, B. Hasselberg. A. Wulliier, W. N. Hartley, E. Demari^ay, J. Salet, 
A. de Gramont, K. Rancken, J. M. Eder and E. Valenta, 1\ G, Nutting, A. Hagen- 
bach and H. Koneu, E. Real, E. Goldstein, G Stead, and F. Exner and E. Haschek. 
M. Curie studied the spark sjiectrum of liquid sulphur. The effect of pressure and 
iemperaixue w^as studied by J Evershed, and G. L. Ciamician ; the effect of a 
magnetic Jield —the Zeeman effect- w’as examined by E. van Aubel, and G. Berndt; 
the effect of self-induction, by A. de Gramont; and the effect on the spectrum of 
argon, byR. C. Johnson and W. II B. (’ameron, and J C. Mcdjcnnan and co-w'orkers. 
The arc spectrom was studied by A. L. Foley, and J. J. Hopfield. The spectrum 
of sulphur excited by activated nitrogen was examined by R. J. Strutt; of the 
cathode lununescence, by P Lewis, and of the electrodeless discharge, bvG. Balasse, 
and W. W. Shaver. 

The continuous absorption spectrum of sulphur was examined }>y J). Brew^ster. 
It is seen wdien sulphur is heated in a 30-cm. tube closed so that a beam of light can 
bo sent longitudinally through the vapour. D. Gernez show^ed that change of the 
continuous to the band spectrum seems to be connected wdth and dependent on the 
change in the vapour density of sulphur between 5()()° and KXX)”. J. J. Dobbie 
and J, J. Fox found that the absorption spectrum shortens as the temp, is raised to 
650°, after which it lengthens again ; there is, therefore, a maximum absorption at 
this temp, which corresponds with the presence of 83 -raoIecules. They conclude, 
therefore, that at suitable temp., sulphur vapour contains S 2 , 83 , and 83 mols. 
M. Fukuda foimd that the absorption spectrum with a layer of sulphur 0*3 mm. thick, 
slowly heatf^d until melted, extends from the ultra-violet up to A-'~0-408ju at 0 °, and 
exi}ends a further towards the red end for everv 10° rise of temp, up to 3(K)°. 
No discontinuity was observed at about 160°. The^isorption spectrum of plastic 
sulphur depends on the initial temp, to w^hich the sulphur is heated during its 
preparation. The higher this temp., the further does the afisorption extend from 
the ultra-violet towards the red end. The absorption spectrum was examined by 
G. Salet, J. Salet, J. N. Lockyer, W. Friederichs, G. D. Liveing and J. Dewar, 
J. Tyndall, T. P. Dale, P. Baccei, H. Deslandres, B. Rosen, A. M. Taylor 
and E. K. Rideal, M. C. Teves, V. Henri and M. C. Teves, E. Paterno and A. Mazzuc- 
chelli, W. W. Coblentz, V. Henri, R. Wildt, F. Lowater, and J. I. Graham— 
vide infra, sulphur dioxide. In agreement with J. I. Graham, K. G. W. Norrish and 
E. K. Rideal observed a band of maximum absorption in sulphur vapour at 2750 A. 
J. C. McLennan and co-workers studied the fluoresence spectrum of sulphur vapour. 
M, Fukuda found that the absorption of light by plastic sulphur is determined not 
only by the temp., but also by the temp, at which the plastic sulphur was prepared 
—the higher the initial temp., the longer the wave-length of the edge of the absorp¬ 
tion band. He inferred that plastic sulphur is a complex mixture of S 3 and Sig-mols. 
J. E. Purvis and co-workers studied the absorption spectra of organic compounds 
in which sulphur replaced oxygen, and found that definite absorption bands arc 
shown by sulphur compounds with the following structural groups : 


S:C< 


O. 

O. 


8: C< 


S. 

O. 


0: c<! 


.as: 0 

. 8 . 0:0 


. 8 . 0 : 0 
.0.0: O 


but not when the sulphur is replaced by oxygen. The bivalent 8 : C-group is 
a powerful chromophore, In certain aromatic compounds— e,g. phenol, and benzyl 
alcohol—the replacement of oxygen by sulphur obliterates absorption bands. 
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Although oralyl cliloride is colourless, it gives yellow soln. with a number of 
unsaturated compounds, and compounds containing oxygen or sulphur. The 

resonance speotram was studied by 

B. Rosen, who gave V--a—724-5w—2-91n2, r—i 

where a is 33,359 for the exciting mercury ^ 30 -S ^ /'\ \ ‘ ^ '( ] 

line 3132 A. The nltra-red spectrum was | , i ^ \j \f\ f 

studied by W. II. Julius, A M. Taylor, | | I > I - 1 < i . ^\ / j 

A. M. Taylor and L. K. Rideal, J. W. Ellis, ^o / 2 j -9 S f' s i >o // /3 /3 
V. J. Sihvonen, and W. W. Cobleiitz , and ffave leog-e/i 

the ultra-violet spectrum, by J. L. Soret, pio, 24.-UUra-red Transmission 

J. J. JiO]>iielcl ai)d G. 11. Dieke, J. Gillcs, Spectrum of Sulphur. 

P. Lacnnite, E. L. Nichols, J. Pauor, 

J. M. Efler and E. Valcrita, and G. Berndt. W. W. Coblentz found the 


percentage transmission or the selective absorption in the ultra-red of a plate 
of Kulj)hur 3*6 mm. thick to be that indicated in Fig. 24. N. Pihlblad, and 
R. Audubort studied the absorption in alcoholic soln. of sulphur. G. T. Gibson, 
H. Graham, and J. Fleid studied the effect of the valency and mode of linking 
on the absorption spectrum of sulphur. The series Spectrum, or compound 
hue spectrum of sulphur, lias been observed only with spectra m spectrum-tubes. 
Nearly all the lines are included in a system of triplets similar to those with 
oxygen. This subject has been discussed by G. Salet, 0. L. Ciamician, 
J. C. McLennan and co-workers, C. Kunge and F. Paschen, I. S. Bowen, I. S. Bowen 
and R. A. Millikan, R. B. Lindsay, A. Bchuster, J. J. Ilopfield, 0. Laporte, J. J. Hop- 
field and R. T. Birge, J. J. Hopfield and G. H. Dieke, E. Bungartz, B. Dunz, 
J. Gilles, A. Fowler, S. B. Ingram, D. K. Bhattacharyj^a, L. and E. Bloch, 
H. A. Kramers, and \V. M. ILcks. G. Balasse discussed the continuous emission 


spectrum from the electrodeless discharge. 

H. Fricke and 0 Glasser discussed the iouizatiou of sulphur, M. Born and 
E. Bormann gave 2* 16 volts for the ionization potential, and 50 units for the electron 
affinity of sulpliur; while J, J. Hopfield gave 6'5() volts and 10*31 volts for the 
ionizing potentials of sulphur vapour; 8. B. Ingram, 23*3 volts for the S-II-ion ; 
B. Davis, 12*2 and 35 volts ; and F. L. Mohler and P. D. Foote, 4*78 volts for the 


resonance potential and 12*2 volts for the ionization potential. F. Hoiweek obtained 
163 volts for the critical potential of the />- and Ljji-lcvels in the sul]>hur atom. 
G. Piccardi, and B. Rosen discussed this subject; R. N. Ghosh discussed the 
relation between the ionizing potential and the electronic structure, and S C. Biswas, 
the mol. vol. 


The K-series in the X-ray speotnim was found by H. Fricke, 22 0. Stelling, 

K. Chamberlain, P. A. Ross, IL Robinson, B, Ray, F. L. Mohler and P. D. Foote, 
D. M. Bose, Y. H. Woo, S. Aoyaina and co-workers, A. Bjorkson, B. C. Mukher- 
jee and B. B, Ray, W. Bothe, E. Backlin, A. E. Lindh and co-workers, B. Davis, 

L. A. Turner, and E. Hjalmar to include 5*36375 ; aja, 5*36090 ; ag, 5*32837 ; 
a 4 ,5*32174; jSjjS, 5*0213; and^ 2 y» 5*0128, S. K. Allison, F. Holweek, B.C. Mukherjee 
and B. B. Ray, and S. J. M. Allen studied the L-absorption spectrum ; H. Duvallier 
observed no //^-series with sulphur. C. G. Barkla studied the J-series; and 

B. C. Mukherjee and B. B. Ray, the M-series. E. Backlin compared the K-series 
in the X-ray spectrum of sulphur and barium sulphate, and inferred that the effect 
of the combination of an atom with other atoms is to displace the K-level nearer to 
the nucleus, and to displace the A"-spectral lines towards shorter wave-lengths. 

C. Doelter found that thin layers of sulphur are not transparent to X-rays. 
L. M. Alexander, and B. B. Ray and P. C. Mahanti discussed the absorption of 
X-rays. G. L. Clark and co-workers studied the secondary and tertiary rays 
from sulphur exposed to X-rays. C. M. Slack studied the refraction of the X-rays; 
S. J. M. Allen, G. Schanz, T. E. Aur6n, S. Aoyama and co-workers, and N. Ahmad, 
the absorption of X-rays by sulphur. K. Chamberlain found that in the absence of 
free oxygen, sulphurous acid is oxidized by exposure to the X-rays. L. Frischauer 
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found that uiidercooled liquid sulpluir crystallizes when exposed to radium raOTS. 
X-rays, and y-rays are without influence ; a-rays could not penetrate the glass 
of the containing vessel, hence the crystallization was induced by the j3-rays. 
A. L. Foley examined the effect of ex]>ORure to X-rays, or to ultra-violet light 
on the spectrum of sulphur, Y. H. Woo measured the Compton effect with 
X-rays from sulphur as radiator. J. Stark and R. KiInzer showed that tin* 
canal ray spectrum of sulphur has an arc spectrum (series spectrum) which is 
attributed to positively charged molecules, S 2 , carrying a single charge ; the lines 
of a second arc spectrum are attributed to positive univalent sulphur atoms ; the 
sharp spark lines are attributed to positive bivalent sulphur atoms ; and the diffuse 
spark lines to positive tervalent sulphur atoms. M. Ishino and B. Arakatsu found 
that when carbon disulphide or sulphur dioxide is introduced into a positive ray 
tube, negatively charged sulphur atoms are formed. A. L. Hughes and A. A. Dixon 
gave 8*3 volts for the ionizing potential; and K. T, Compton, 4*25 volts. B. Davis 
studied the relation between the critical potential and the index of refraction. 
J. E.P. Wagstaff gave 7*3 X 10^- for the vibrationfrcQUency of sulphur; and W. Hcrz, 
3-88x101-. F. Holweck, and W. llerz studied the vibration frequency of the 
sulphates ; and M. Born and E. Bormann, the electro-affinity of sulphur. 

According to R. Audubert,‘-i in the caseof sulphur suspensions, very small granules 
are formed instantly on diluting the alcoholic soln. with water. These grains 
gradually grow both by fixing new molecules of sulphur and by agglomerating. 
Light of short wave-length accelerates this growth, but light of long wave-length 
inhibits it. There is an intermediate region in the yellowy which is without effect. 

The active radiations are most strongly absorbed by the 
suspensions. This grow'th of granule is a yffienomenon 
similar to adsorption. Light modifies the speed of adsorp¬ 
tion of the ions which constitute the “ ionic environment ” 
or “ ionic atmosphereof the granules. According to 
A. Lallemand, when a beam of light from the sun is directed 
^of Light through a sat. soln. of sulphur in carbon disulphide, 

tions of Sulphur. amorphous sulphur is precipitated as a fine ]>owder in 

the track of the ray of light. All the light from /I to G is 
transmitted, while the vioh*t, and ultra-violet light beyond G is absorbed. 
M. Berthelot verified these observations with light from the electric arc rich in 
ultra-violet rays. A. Wigand’s measurements of the absorption of light by soln. 
of 36 grms. of sulphur in 100 c.c. of carbon disulphide ; of 1*17 grms. of sulphur 
in 100 c.c. of benzene ; and 1*1 grms. of sulphur in 100 c.c. of carbon tetra¬ 
chloride, are illustrated by Fig. 25. M. Berthelot found that the heat of trans¬ 
formation is so small as to make it probable that light simply acts as an exciting 
agent and does not effect the work of transformation. E. l^etersen observed an 
evolution of 910 cals., but the two varieties of sulphur may not have been the same. 
A. Wigand found that when a gram of insoluble sulphur is precipitated from a 
carbon disulphide soln., 15'8 cals, are absorbed, and rather less with soln, in carbon 
tetrachloride, or benzene. About 0*24 per cent, of the energy absorbed by the soln. 
from light is spent in bringing about the transformation. 6. A. Rankin showed that, 
at a constant temp., the greater the cone, of the soln. of sulphur in carbon disulphide, 
the less the intensity of light for precipitation ; and for light of a given intensity, 
the precipitation increases with rise of temp. Aumorphous sulphur is likewise 
precipitated from soln. of sulphur in carbon tetrachloride, acetone, toluene, and 
benzene, M. Berthelot assumed that light acted only on dissolved sulphur, but 
G. A. Rankin showed that the reaction takes place more quickly in the case of 
the solvent because no surface film is formed. The result is a displacement of 
equilibrium between two solid phases: ^rhombic (dark)^Sainorphou8 (light). The 
reaction is reversible; the conversion of amorphous to rhombic sulphur takes 
place only in darkness or in very feeble light. Rhombic sulphur is the stable 
form in darkness; and amorphous sulphur, in light. Ammonia and hydrogen 


I 
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sulphide accelerate the reverse action—rhombic to amorphous sulphur—and 
prevent the precipitation of amorphous sulphur in sunlight. This is in agreement 
with the observations of A. Smith, and M. Berthelot. At 22-5®, with an arc-light, 
G. A. Rankin found that with light of varying intensity and soln. of sulphur in 100 
grms. of carbon disulphide : 

Caricih-power . . 5 G-4 10-4 11 0 12-2 23-2 

Urarns sulj^hiir . . 46-7 ]5'() 11*2 8*0 4*8 3*0 

The results are ]>lotted in Fig. 26. The curve AB represents amorphous siilpliur in 
e(|uilibrium witli soln. and vapour ; the line BC represents the solubility curve of 
rhombic suljdiur on the assumption that it is not affected 
by light. At B, rhomide sulphur, amorphous sulphur, 
solution and vapour, are in dynamic equilibrium. In the 
field above the curve, amorphous sidphur is the stable 
form, while below the curve, rhombic sulphur is the stable 
form. The light necessary to maintain amorphous sulphur GrmsSper/OO^rmCS 

ill equilibrium with tlie soln. increases as the cone, de- Fk^. 26. — Equilibrium 
creases, until finally the curve approaches the line of 
ordinates asymjitotically as the cone, approaches zero. Vapour 
As the cone, increases, the light necessary for equilibrium 

de(Toase.s until the point is reached at which, for a given temp., the solvent is sat. 
with respect to both forms of sulphur. This quadruple point for a temp, of 22*5° 
is not at the point of total darkness but at an intensity of about 5 candle-power. 
As the temp, for any given cone, is increased, the intensity of light required for 
equilibrium increases rapidly, showing that the rate of change of the amorphous 
sulphur increases with a rise of temp. At 40"^, it takes about 4.5 candle-power to 
produce the first precipitation of amorphous sulphur from a sat. soln. A. Wigand 
found that the equililirium Ssoiubie (dark);F^SinHoiuble (hght) is displaced by light 
in favour of the soluble form ; and, as indicated above, the reaction is reversible. 

F. A. C. Gren,-5 S. F. Hermlistadt, and J. J. Berzelius observed that sulphur under 
certain conditions may exhibit a glow or pbosphoresence. R. Robl observed no 
fluorescence in ultra-violet light. K. Heumann found that the glow is best obtained 
by placing sulphur on a shallow tray supported above the bottom of an air-bath at 
about 240^, and allowing a current of air to pass over the molten sulphur. When the 
conditions are properly regulated, a large flame is obtained, which difiers from the 
usual blue flame of burning sulphur, and which is relatively cold. The cold flame 
can be maintained for a considerable time. The experiments of K. Heumann, 
E. Mulder, C. L. H. Schwarz, L. Bloch, 0. Jacobsen, H. Moissan, and L. Bloch, 
and T. E. Thorpe show that phosphorescence begins at about 200^^; and of 
J. Joubert, 100 . W. II. Watsons observations lend no support to the view that a 
lower oxide of sulphur is formed during the glowing of the sulphur ; he concluded 
that when air passes over sul])hur heated to a temp, below its ignition-point, the air 
becomes charged with sul})hur vapour, which, as the temp, falls, separates as a mist 
or cloud of very small particles. The oxidation of this finely-divided sulphur gives 
rise to the phenomenon of the glow or phosphorescence, but there is no evidence that 
at any stage any oxide otlier than sulphur dioxide is formed. K. Heumann com¬ 
pared the smell wdiich accompanied the oxidation to that of ozone or camphor. 
According to J. Joubert, the phenomenon is quite analogous with that of phos¬ 
phorus ; oxygen is necessary, and there are upper and lower limits as with 
phosphorus, but L. Bloch showed that, unlike the case of phosphorus, the formation 
of ozone is not accompanied by any ionization phenomena. The combustion flame, 
which replaces the phosphorescence effect when the temp, of sulphur is raised to 
360®, is non-conducting, and the oxidation of sulphur dioxide by air in contact 
with spongy platinum is also unaccompanied by the production of ions. 
H, J. Emelins found that sulphur dioxide and a small proportion of the trioxide 
are the products of the phosphorescent combustion of sulphur. No traces of an 
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oxide more volatile than the dioxide, and no evidence of the formation of ozone 
were observed. Sulphur shows no glow press, above whicli the oxidation is non- 
luminous. Sulphur dioxide, and a series of organic vapours inhibit the glow. 
The temp, at which the glow' appears is higher, the greater the cone, of tiic inhibitant. 
H. B. Baker and R. J. Strutt observed a blue })hosphorescence when ozonized 
oxygen is passed over sulphur. The triboluniinesceiice of sul[)hur was not o]Kser\'ed 
by J. P. Dessaignes, J. B. Beccari, and P. Heinrich ; but E. Jkcqaerel, and J. Ber¬ 
noulli did observe the phenomenon 

F. Diestelmeier,^® and \V. Steubing found that, like oxyg»m, the vapour ot sulphur 
exhibits a fluorescence at about 4(X)’~5(X)'', when exposed to the influence of 
white light, or the light emitted by the are formed betw'een electrodes of various 
metals ; and w'hen spark discharges are used as tJie source of excitation. The 
fluorescence is observed only with va}>ours of low density. J. 0. Pernne found 
that sulphur showed no fluorcHCcuice on exposure to ultra-violet rays, or wdum 
(‘xposed for 10 hrs. to X-rays. The wave-length of the light is lietween 2500 A. 
and 3200 A. The fluorescence spectrum is discontinuous, and show's more or less 
feeble groups of lines or bands. The fluorescence is greatly w'cakened by admix¬ 
ture with other gases or vapours. B. Kosen, and J. (^. McLennan and co-workers 
studied this subject. F. Diestelnieier assumed that the centres of emission ar<' 
diatomic molecules. F. Ehrcnhaft observ<*d a photophoresis wdth the particles 
of s.ulphur, for they move in a {lir('ction opposite to that of a beam of light—negative 
photophoresis, I. Parankiewicz show'ed that with particles of radius 8x10 to 
60x10 ^ cm., the sulphur particles are negative, and there is a maximum eflect 
wuth particles 27x10 ® cm. The eflect is independent of the press, and chemical 
nature of the surrounding gas It is supposed that the eflect is due to the direct 
action of light on the material - cf, selenium. 

J. Monckraan,^^ F. Kampf, and A. Goldmann and S. Kalandyk found that 
sulphur exhibits a photoelectric effect. When light is absorbed by a ]»hotoelec- 
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Ficj. 27.—The Variation of the Photoeleeinr Current of Sulphur with the Strength of the 

Applied Electric Field. 

trically active substance, in a thick enough layer, the photoelectrons are released 
in the substance itself as well as from the surface. If the substance is not a good 
conductor, as in the case of sulphur, the photoelectrons which do not emerge should 
impart a fiiight electrical conductivity during illumination. The temporary supply 
of free electrons accounts for the conductivity —vide selenium. The effect with 
sulphur requires light of wave-lengths shorter than about A—3300 for its production. 
The subject was studied by M. J. Kelly, B. Kurrelmeyer showed that the current 
produced in sulphur by a given illumination, other conditions being equal, is directly 
proportional to the applied electric field from 20 to 15,000 volts per cm., as illustrated 
in Fig. 27. This is true for light of all intensities examined with the diamond, 
and zincblende. The curves depart from linearity with electric fields below those 
required for saturation. This means that if there is a saturation field for sulphur, 
it is above 50,000 volts per cm. No evidence of a secondary current could be 
detected with sulphur. The amount of excitation is the same whether it be pro- 
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(lucod with or without tlio held. The maximum value with illumination represents 
a state of equilibrium between the rate of formation of electrons, and their rate of 
recombination. The similarity of the growth and decay curves, Fig. 27, shows 
that tile rate of recombination of the electrons is not influenced by the illumination. 


The variations of the photoelectric current are pro- 
]K)rtional to the intensity of illumination. The current 
reaches its full value m a very short time aftc‘r the 
crystal has been illuminated, as shown in Fig. 28. As 
soon as th(‘ current hows, some of the positive ions 
Ix'gin t(' accumulate in the crystal, and these gradually 
riMluce tin* eh(‘ctive h(*ld so that the current decreases 
witli time during the illumination. A, Fig. 28, is the 
sum of the time photoelectric current, and the excita¬ 
tion current, and R, Fig. 28, represents the time photo- 
eh‘ctric eurrent. The curve representing the variation 
of the eurrent referred to unit incident energy, and the 
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wave-length of the incident light, J, Fig. 28, has a maximum at 470/r(iju, Fig. 29, 


and drops more slowly towards the red than towards tlic violet. The curve R, 


Pig. 29, re])resents the variation of the cur¬ 


rent referred to absorbed energy. There is 
a difference in connection with the orienia- 
tioiiS of the crystal, (hirrents in different 
dir(‘( tious in the crystal are equal in mag- 
nitu<l(‘, but there is a unipolarity in the 
direction of the acute bisi'ctrix of the optic 
ax('S 'with components in other directions. 
The reverse (‘iirrciits exhibit parallel differ¬ 
ences. According to K. Sebarf, the cloud 
of sulphur particles produced by condensing 
the vajjour in nitrogen exliibiis the normal 
])hotoelectri(' effect. L. Grebe found that 





sulphur becomes a better electrical con¬ 
ductor when exposed to the X-rays. 

M. Faraday,'^® P. E. Shaw^, P. Boning, 


Fig, 29.— The Variation of the Photo- 
elewitnc Current and the Wave-length 
of the Incident Light. 


and N. A. Ilesehus and A, N. Georgiewsky 

found that lump sulphur is negatively electrified when rubbed against wood, or 
any of the metals tried, and electrifies them positively ; yet M. Faraday found 
that a jet of air carrying powdered sulphur—^flowers of sulphur—electrifies 
negatively both metal and wood, and even a sulphur cone \ and when sulphur 
is held in a jet of steam it is negatively electrified, but air alone does not electrify 
the siil})hur. If. F. Vieweg, and P. E, Shaw' and C. S. Jex studied the frictional 
electricity of sulphur. According to W. E. Gibbs, the aerosol of sulphur— i.e. 


sulphur du.st susjiended in air—acquires a positive charge. 

G. J. Knox stated that sulphur is a conductor of electricity, but M. Faraday 
could not confirm this. J. Monckman, and E. Duter also said that sulphur is a 


non-condu(‘tor at all temp, below its b.p., but at this temp, it is possible to pass 
an appreciable current through the liquid. A. Gunther-Schuize, and K. F. Herzfeld 
discussed the metallic conductivity of sulphur. J. Monckman found that the sp. 
electrical resistance of precipitated sulphur at 440° is 5 X 10^ ohms ; and at 260°, 
5x10® ohms; roll sulphur, 5x10® ohms at 125°, and LfixlO^ at 440°. For 
crystallized sulphur, R. Threlfall and co-workers observed at 75° that the resistance 
was 6*8 X10^^ e.G.S. units. The resistance decreases to a marked degree as the temp. 


rises. Both soluble and insoluble sulphur are non-conductors ; the conductivity 
at an elevated temp, is electrolytic, breaking up a combination of the two allotropes 
of liquid sulphur. The sp. resistance is 10-® C.G.S. units at ordinary temp. The 
presence of 5 per cent, of insoluble sulphur decreases the resistance, so that at 
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ordinary temp, this falls to C.G.S. units. H. Neumann found at ordinary 
temp, that the resistance of sulphur is between 2x10^® and 2x10^® ohms. 
D. H. Black found that the conductivity of liquid sulphur increases to a maximum 
as the temp, rises from 130^" to IGO''; it then falls to a mininunu at about 185*^; 
and thereafter increases. This behaviour corresponds with tluj viscosity changes. 
The sp. resistance at 163^ is about 7*5x10^^ ohms. The conductivity is elec¬ 
trolytic in nature. S. Bidwell said that the conductivity of molten sulphur is 
really due to the formation of a sulphide by contact with the metal electrodes. 
The conductivity is favoured by exposure to light, possibly by the increased tendency 
to form sulphides in light. T. W. Case said that the poor electrical conductivity 
of sulphur is not appreciably affected by light; and J. Monckman observed an 
increased conductivity between graphite electrodes w'hen the sul})hur was illumi¬ 
nated, but R. Threifall and co-workers could not confirm this. A. AVigaiid, also, 
was unable to detect any effect with light, and hence concluded that the electrical 
conductivity of the soluble and insoluble forms of sulphur are the same. According 
to Pigulewsky, the conductivity of amorphous sulphur is increased hy light, 
but not so with crystalline sulphur. The maximum effect is obtained with rays 
of shorter wave-length than 280^/a. He found that the conductivity of cry.stalline 
sulphur increases with rise of temp, to a maximum at about 140‘"-150^, and after¬ 
wards continues to fall until the b.p. is reached. With amorphous sulphur the 
conductivity falls as far as 14()°~150'^, then increases up to 160°~170'', after which 

temp, it falls continuously to the b.]>. B. Kurrid- 
m<‘yer fcuind that the oj>tical absorj)tK)n hy sul])hur 
cry'llals i.s complete in the violet, hut relatively low 
from 500 to 60()w/j,. The photoelectric conductivity 
is measurable between 400 and doOw/x ; its maxi¬ 
mum, referred to unit incident em^rgy, lies at 470//</4. 
There is strict proportionality between photo-curr<‘nt 
and light intensity and between phott^-current and 
electric intensity throughout the ranges used. If 
there is a saturation value of the electric intensity 
it probably lies above 30,000 volts per cm., and is 
therefore very much higher than the saturation 
electric intensity in the diamond and in zincblende. 
C. Roos found that the conductivity of rhombic sulphur is increased by ex¬ 
posure to X-rays. According to A. Wigand, R. Threifall and co~\sorkprs, the 
electrical resistance of sulphur is decreased in the presence of moist air. 
P]. Duter, G, E. M. Foussereau, and J. Monckman made observations on the 
conductivity of molten sulphur ; G. Quincke, on the electrical properties of col¬ 
loidal soln. of sulphur ; and C. Roos. on the increase in the conductivity imparted 
by X-rays. J. J, Thomson observed that the vapour of sulphur has a very small 
electrical conductivity. R. S. Bartlett studied the resistance of spluttered films 
of sulphur. According to P. Fischer, mixtures of a large proportion of sulphur 
with silver and arsenic, sulphides, galena, copper pyrites, and stibnite are non¬ 
conducting ; but a mixture of sulphur and copper sulphide is a conductor ; when 
this is used as cathode in a soln. of, say, sodium sulphate with cadmium as anode, 
cadmium sulphide is formed. 

R. Threifall and co-workers said that the contact electroniotive force between 
soluble and insoluble sulphur is between 1-2 volts, and the insoluble form acquires 
a positive charge. The electric strength of crystallized sulphur exceeds 33,000 
volts, per c.c. S. Bidwell made solid cells of sulphur mixed with sulphides of 
silver or copper compressed between plates of silver and copper—each 3 cms. 
square—and obtained a current of several micro-amperes. He called them sulphur 
ceils, F. W. Kiister and W. Hommel found that during the electrolysis of a 
soln. of a polysulphide both the current and voltage undergo periodic variationia 
due to the deposition of sulphur on the anode. Buch electrodes may be regarded 
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as sulphur electrodes, just as a platirmm plate sat. witli oxygen is regarded as 
an oxygen electrode. According to M. lo Blanc, wiien a thin him of sulphur on 
a platinum wire is used as cathode in a soln. of ])otassium hydroxide, it goes into 
soln. as a polysiilphide, where the largest observed value of n was 5. Wlieii 
used as anode, no action was observed at all. E. Muller and K. Nowakowsky 
found that sulphur dissolves at the cathode in O-IjV-KOH with a valency of O-h? - 
0*68. The potential at which the dissolution begins is 0*53 volt rneasur<‘d against 
a ^•l2V“Calomel electrode. M. G. Levi and Fj. Migliorini discussed the formation 
of thiosulphates, and sulphoars<‘nates by the action of sulphur ions on sulphites, 
etc. Nt'gative r<*sults were obtained with siilphoantimonatt's, and siilpho- 
molybdates. I. Klemencic studied the rell(‘ciion of tubes of electric force from 
sulphur plates. R. Lucas gave —0-59 volt for the electrode potential of sulphur 
against the hydrogen electrode ; L. Bruner and J. Zawadsky, - 0*545 volt ; and 

L. Rolla, 0*575 volt. 1). F. Smith and J. E. Mayer gave for the reduction potential 

and the decrease of free energy at 25^^, for St^+^II*- S-f' 2 Il 20 , res]>ectively 
- 0*470 volt and —43,350 cals. ; and for 8H‘- Sd ilLO, res]>eetively 

—0*359 volt and -49,7<Kl cals. F. W. Bergstrom gave for the (‘lectronegative 
series in liquid ammonia, Pb, Bi, Sn, Sb, As, P, Te, Se, S, I. F. Hund discussed 
the potential of S''-ions. 

According to L. Boltzmann,-^ the dielectric constants of sul])hur crystals in the 
direction of the three axes are res]>ectively 4*773 : 3*970: 3*811. F. Kosetti, «and 

M. Faraday gave 2*24 for the dielectric constant of sulphur; F. Kosetti, 1*81 
(air unity); A. Wiillner, 2‘88-'3*21 , J. E. H. Gordon, 2*5793 ; J. J. Thomson, 2*4 ; 
0. B. Thwing, 2*69 ; M. Lefebore, 2*7; W. Schmidt, 3*95 for A 75 with freshly 
cast sulphur, and after ageing, 3*90; wliile K. Fellinger gave respectively 4*05 
and 3*60 for A” oo. K. Threlfall and co-workers found for aged monoclinic sulphur 
3*162 at 14^ ; when 1*43 per cent, of insoluble sulphur was present, 3*510 ; and with 
3*75 per cent, of insoluble sulphur, 3*75. For liquid sulphur near its b.p., M. von 
Piraiii gave 3*42 for A—oo, P. Cardani found that for not very intense electric 
fields, tlie dielectric constant is between 3*5 and 3*6, but it increases with increasing 
intensity of the electric field ; and K. Threlfall and co-workers found that the 
constant increases with temp.--the temp, coefi. is 2 x 10“® per degree. S. Rosental 
found that there is an abrupt increase in the dielectric constant of sulphur at the 
moment of solidification. Comparisons of the observed dielectric constant with 
that calculated from the electromagnetic theory of light, were made by L. Boltz¬ 
mann, N. N. Schiller, etc. H. Neumann studied the relation between the con¬ 
ductivity and the dielectric hysteresis; by expo.sure to X-rays or y-rays, the 
electrical conductivity is raised but the hysteresis is scarcely affected. J. Dewar 
and J. A. Fleming found that the dielectric constant of water at —185'" is very 
little affected by the presence of finely divided sulphur. G. L. Addenbrooke studied 
the relation between the dielectric constant and other physical })roperties. 
A. M. Taylor and E. K. Rideal gave 7*5x10”'^® 

E.S.U. for the electrical moment of the S^-mole- 
cule. 

M. Faraday,30 and T. Carnelley showed that 
sulphur is diamagnetic. A. P, Wills gave for the 
magnetic anaoeptibility, —0*77x10 o vol. units ; 

J. Kdnigsberger, -0*9x10*’® vol. units ; and 

L. LomWdi, — 0*85xl0~® vol. units. S. Meyer 
gave — 0*34x10“*^ mass units at 18®; P. Curie, 

-0*51xl(r« between 15® and 225®; K. Honda, 

--0*48x10“^ mass units between 18® and 300® ; 
and P. Pascal, —0*49x10""® mass units at 16®. 

M. Owen gave for liquid sulphur —0*485x10”'® mass units. T. Ishiwara said 
that the diamagnetic susceptibility of sulphur shows no discontinuity in pass¬ 
ing from rhombic to monoclinic crystals; and the curves give no indication 
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of fusion; but the transformation in the liquid phase is accompanied by a 
decrease of about 2 per cent, in the diamagnetism, Pig. 31, after which the 
susceptibility is again constant. There are indications of a reversible transforma¬ 
tion at about 80°, which may be due to the presence of an amor])lious sulphur, 
Pig, 31. L. A. Welo, and B. H. Wilsdon calculated values for tlic magnetic con¬ 
stants. A. Dauvillier, and P. Pascal discussed the diamagnetism and the atomic 
structure of sulphur. P. Pascal gave — IhOxlO""^ for the atomic susceptibility of 
sulphur ; and S. S. Bhatnagar and C. L. Dhavvan, 16*0 X10"“®. 
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§ 7. The Chemical Properties ol Sulphur 

Sulpliur unites directly with almost all the elements excepting the inert gasc's, 
gold, and platinum. J. Thomsen ^ said that the aliinity of sulphur for the metals 
18 less than it is for oxygen ; and 0. Schumann concluded, from observations of 
the action of hydrogen on the sulphates, of superheated steam on the sul]>hides, 
and of hydrogen sulphide on the oxides, that in group la of the periodic table, 
potassium and sodium have a greater affinity for sulphur than for oxygen ; while 
in group lb the affinities of cojiper and silver for oxygen and sulphur are about 
equal. With the metals of group II arranges! in the order of their at. wt. from 
magnesium to barium, the affinity for sulphur increases in the same order: magne¬ 
sium exhibits a greater affinity for oxygen ; with ealcium, the affinities for sulphur 
and for oxygen are about equal; whilst strontium and barium display a decidedly 
greater affinity for sulphur. In group 116, the affinities of the metals for sulphur 
and for oxygen arc about equal. The action of hydrogen on the 8ul}>haies shows 
that the atlinities of the metals for both metalloids decrease in the order of the at. 
wts., zinc yielding oxysulphide and cadmium yielding sulphide, whilst mercury 
yields only metal. In group IV, the affinity of the metals is slightly greater for 
sulphux than for oxygen. In groups VII and VIII, manganese and iron exhibit equal 
affinities for sulphur and for oxygen. Nickel and cobalt show a somewhat greater 
affinity for sulphur. The table exhibits a periodic rise and fall in the affinities of 
the metals for sulphur. In the first group the affinity decreases from potassium 
to silver. In the second group, it is almost with magnesium, it increases from 
thence to barium, and decreases to mercury. In the third group, aluminium 
again shows a minimum of affinity for sulphur, which increases in the fourth and 
fifth groups to arsenic, and then decreases to .bismuth. The affinity is once more 
at a minimum with chromium, and from then(‘e increases throughout the seventh 
group. The general conclusion is that the strength of affinity for sulphur in 
relation to that for oxygen, is greatest in metals of highest at. vol. E. Schiirmann 
concluded that when arranged in the order of their affinity for sulphur, the metals 
form the following series: Pd, Hg, Ag, Cu, Bi, Cd, Sb, Sn, Pb, Zn, Ni, Co, Fe, 
As, Tl, Mn. In each natural family of elements, the affinity for sulpliur increases 
with the at. wt. Family IV is an exception to this law, as the* affinity of sulphur 
for tin is greater than is its affinity for lead. The members of family III have less 
affinity for sulphur than their neighbours in family IV, and these again than the 
corresponding elements with a slightly higher at. wt. in family V. A. Orlowsky 
concluded that sulphur has the greatest affinity for the alkali metals ; and of the 
heavy metals, its affinity for copper is the greatest; these follow in the order of 
decreasing aflSnity Hg, Ag, Fe, and Pb, while the affinity for Pt, Cr, Al, and Mg is 
small. E. F. Anthon arranged the metals in the order: Ag, Cu, Pb, Cd, Fe, Ni, 
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Co, and Mn. E. Sohiitz attemjded to measure the affinity of sulphur for the metals, 
and arranged them in descending order : manganese, copper, nickel, iron, tin, 
zinc, and lead, L. Fernandes studied the variations in tlu^ co-ordination fon’es 
of tlie sulpho-salts when oxygen is replaced ]»artially or wholly hv sulphur. The 
union of sulphur with metals whilst under compression was (liscussed 1 . 13, 18; 
and A. BufTat made observations on the subject. 

W. Ramsay and J. N, Collie,“ and W. T. Cooke observt*d no sign of chemical 
combination between sulphur and helium ; and Lord Rayleigh aiul W. Ramsay, 
and W. T. (’ooke, none with argon. F.'H. Newman studied the absorptif>n of 
hydrogen and nitri>gen by sulphur in an el(‘ctrical discharge tube. Th<‘ occlusion 
of gases by sulphur, and its oxidation by exposure to air, led some of the early 
workers to suppose that hydrogen is an essential constituent of sul])hur vide 
f>upra, the history of sulphur. H. Moissan, and C. Mains, indeed, found that 
fresh gas was evolved even after 80 successive fusions. This agret^s with the ohst^r- 
vations of A. M. Kellas, J. N. Lockyer, etc. H. Pcilabon said that liydrogtm is not 
absorbed by liquid sulphur. F. H. Newman found that hydrogen, activat(‘d by 
a-rays from polonium, is absorbed by sulphur, even at 0^ ; tlie absorption may be 
due in part to chemical action. G. L. Wendt showed that some hy<lrogen sulphide 
is formed when sulphur is exposed to activated hydrogen-hydregen 
sulphides, R. Schwarz and P. W. Schenk, and K. Schwarz and W. Kunser, ohserv’-ed 
that under the influence of the sih*nt discharge, sulphur vapour is more chemically 
active than ordinary vapour, but there is no evidence of a depolymerizati(.>n of the 
molecule. 

As shown by H. Moissan, sulphur ex[>osed to air at ordinary tiuup. is slowly 
oxidized with the formation of traces of sulphur dioxide. N. Leonhard found that 
sublimed sui])hur gdierally colours bbn' litmus red; and it contains 0*f)2“0-25 jht 
cent, of sulphuric acid. Part of this acid is formed by exposure to air and moistur(\ 
Moist 8ublimi‘d sulphur, free from acid, was distinctly acid after b(ing kept for 
two weeks in a stoppered bottle, and after 4 years contained 0*2 per cent, of sulphuric 
and no^ sul}>hurous acid; a similar sp(‘cimen, dried at KXY, contained only 0‘()f)25 
per cent, of suljihuric acid after being kept for 4 years. A. 6. Doroshevsky and 
G. S. Pavloff observed that when charcoal is soaked in a soln. of sulphur in carbon 
disulphide and dried, the sulphur suffers oxidization at The slow oxidation 

of moi.st sulphur to sulphuric acid by exposure to air was observed by K. Maly, 
J. F, John, and L Wagenmann ; though H. W. F, Wackenroder said that dried 
milk of sulphur which had been kept for 18 years was free from sulphuric acid. 
W. Zianker and E. Farber found that the presence of cellulose fibre, or of cotton 
yarn, accelerates the formation of free sulphuric acid from sulphur exposed to air. 
They also showed that powdered sulphur from different sources cannot be completely 
freed from acid by repeated washing, and it therefore appears probable that the 
latter is continuously formed by the action of air and moisture during the process. 
Flowers of sulphur contain the greatest amount of free sulphuric acid, roll sulphur 
much less; colloidal sulphur remains almost as strongly acid aft^t^r washing as 
washed flowers of sulphur. The formation of free sulphuric acid from flowers of 
sulphur or powdered sulphur is most readily demonstrated by washing a quantity 
of the finely divided material with cold and with hot water, treatment with a little 
ammonia, and subsequent washing until the water has a neutral reaction; the 
product is covered with water at 60°-80®, and repeatedly dried and remoistened. 
The formation of acid is facilitated by passing a current of air. The autoxidation 
of sulphur occurs more readily in an acid than in a neutral or alkaline medium. 
W. H. Maclntire and co-workers showed that although the transfonnation of 
sulphur added to the soil may be partly a function of the biological content of the 
soil, yet sulphur may be readily and extensively converted into sulphates by 
independent chemical action under aerobic or anaerobic or non-sterile conditions 
of moist contact at normal temp, when ferric oxides and alkaline-earth carbonates 
are present. It was also shown that the treatment of soils with limestone, dole- 
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mite, or magnesite favoured the leaching of the sulphur by rain-water. K. H. Simon 
and C. J. Schollenberger observed that the rate of oxidation of sulphur in soils 
is dependent on the grain-size of the material. A. Harpf also noticed that finely 
divided sulphur is oxidized on exposure to air in light or in darkness ; and stated 
that the assumption made by K. Windiseh that the disinfecting property of sulphur 
on the moulds, formed during the growth of grapes, is due to the formation of sulphur 
dioxide, produced by the action on the suljdiur of active oxygem and hydrogen 
dioxide generated by the living plants, is thus unnecessary. H. Moissan found 
that the slow combustion of a-sulphur to sulphur dioxide occurs even at 20^ in 
oxygen confined in sealed tubes ; and similar results were obtained with ^-sulphur 
and with amorphous sulphur. Tlie action is slower in air, but traces of sulphur 
dioxide can be detected after keeping the sulphur for 3 months at E. Pol- 

lacci said that the oxidation of fin<‘Iy divided sulphur in air is accelerated by light; 
that pure oxygen does not effect the oxidation ; and that the active oxidizing 
agent in air is ozone. T. Ewan found that the rate of oxidation of sulphur at 
159^^ is proportional to the sq. root of the press, of the oxygen ; but M. Bodenst(iin 
and W. Karo found that at 252° the rate of the reaction is directly proportional to 
the press, of the oxygen, and is roughly proportional to the surface of the sulphur. 
The rate increases in fh<‘ ratio 1*87 : 1 for a rise of temp, of 10°. It is therefore 
concluded that thi* controlling reaction is a chemical one ; that it occurs in the 
adsorption layer on the surface of the sulphur ; and that the sulphur dioxide, 
which accumulates in the adsorption layer, has no influence on the velocity of the 
reaction. R. G. W. Norrish and E. K. Rideal found that the reaction proceeds 
normally up to 305° when the temp, coeff. is 1*63, but above that temp, there is a dis¬ 
turbance due to the secondary formation of the trioxide. The reaction is practically 
limited to the surface of the sulphur and to the walls of the vessel, and proceeds as 
well in one case as in the other, indicating that a film liquid of sulphur covers the 
whole inner surface of the reaction vessel. The speed of the reaction is proportional 
to the press, of the oxygen; but there is a break in the pressure-velocity curves 
at 0*41 atm. press. This is taken to mean that the surface reaction is made up of 
tAvo surface reactions : (a) one of which is independent of the press, beyond 0‘4l 
atm. press, and has a temp, coeff. of 1*48, and heat of activation, corresponding 
with the rupture of the sulphur bonds, of 25,750 cals, at 300°; the other reaction {h) 
has a velocity proportional to the oxygen press, at least as high as one atm. and 
it has a temp, coeff. of 1*77, and heat of activation of 37,450 cals, at 300°. It is 
assumed that the sulphur surface contains two types of sulphur molecules, which 
react along two different courses with the oxygen striking the surface, giving rise 
to the A and B reactions. The fact that the A reaction finally becomes independent 
of the oxygen press, indicates that the rate of production of second allotropic 
form of sulphur now limits the velocity of the reaction. The temp, coeff. of the 
interconversion of the two allotropic forms is 1*48. The slow combustion of sulphur 
in air or oxygen, at about 200°, is attended by a phospborescvuice. This pheno¬ 
menon has been previously discussed. J. Dalton said that iti open air sulphur 
ignites at about 260°; J. Thomson, 293°; T. J. Pelouze and Pk Fremy, and 
J. B. A. Dumas, 150° ; W. A, Miller, between 235" and 260^; P. Beyersdorfer and 
L. Braun, 2I5°—under conditions where the value for cane sugar is about 410" ; and 
C. M. Tidy gave 115° for rhombic sulphur, and 120° for the prismatic variety. By 
passing a current of air over sulphur, W. R. Hodgkinson said that the ig^xution tain- 
perature cannot be below 300° because a piece of sulphur can be placed on fused nitre 
(m.p. 339°), and sublimed without ignition ; and he did not igmte sulphur vapour at 
the m.p. of zinc (419°). B. Blount showed that sulphur takes fire at about 270° ; at 
the moment of ignition the flame does not start at the surface of the fused sulphur, 
but proceeds from its vapour, which has flowed out of the capsule on to the hot 
plate, the temp, of which is considerably higher than that of the sulphur itself. 
Later, he found that sulphur vapour takes fire in air at 266°, burning with a blue 
flame ; and on allowing the temp, to fall, the sulphur vapour ceased to ignite in air 
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at 26J \ J. R Hill gave 248° for the ignition temp., and this is very near to J. Dal¬ 
ton s value, 250 ". R. H. McCrea and A. Wilson obtained 201° in air at atm. press. ; 
and 257°- 264° in oxygen. H. Moissan found that by bubbling oxygen through 
sulphur melted in an atm. of carbon dioxide, below 482°, sulphur dioxide was formed 
without any incandescence ; when this temp, was reached, the reaction becanu' 
more vigorous, a slight explosion occurred, followed immediately by incandescimce. 
The ignition point of sulphur in air was found to be 365° ; tliis is rais<Ml by tlu^ 
presence of 5 ])er cent, of sulphur dioxide to 445°, and when 10 per cent, is ])reHeiit, 
ignition does not occur at 465°. The point of ignition of sulphur vapour in air is 
much lower than that of liquid sulphur, being about 285°. The subject was discussed 
by A. G. W hite. P. Beyersdorfer and L. Braun diseussed sulphur-dusl explosions 
in sulphur grinding mills. According to N. Hemenoft' and G. Rjabinin, as in tlie 
case of ]>hosphorus vapour, sulphur vapour can burn in oxygen only between 
definite limits of press. This press, interval increases with rise of temp, whicii 
fixes the press, of sulpliur vap. The velocity of ignition, which may be very great, 
is indtqiendeni of the oxygen press., and ])robably depends on the velocity of 
volatilization of sulphur. It is siqiposed that, outside these limits of press., the 
number of active centres which, from the conditions of the ex])eriinents, may be 
either ozone inols. or oxygen atoms, does not reach the necessary value for ignition. 
The values of the limiting partial ]>res8. of oxygen are not altered, as in the case of 
phosphorus vap., by the presence of foreign gases. Even in the region of effective 
press. s[)ontaneous ignition takes place only when a very small quantity of ozone 
is introduced by some means. 


^ /o 20 ^ so 


W. A. Noyes, and R. Liipke give experiments to demonstratiJ that sul])hur 
burns in a given volume of oxygen to produce the same volume of siilplinr 
cj dioxide, A little sulphur trioxide is, however, jiroduced at 

^ o^3£i —j—r~- 7 ~|—t same time. Thus, G. Lunge observed that when sulphur 

^ 0^0 - I I burned in a glass tube in a slow current of dry air, from 

^0'25 —[ ^ 2 to 3 per cent, of the sulphur is oxidized to the trioxidi*, 

^ 0’20 —4/^ 1 —I and if the proilucts of combustion are drawn over ferric 
S ^ "1^ oxide, the quantity is increased to 14-17 per cent. W. Hemjiel 

/o 20 so sulphur and oxygen under atm. jiress., th(* 

Pressurematm. product contains 2-0 per cent, of sulphur trioxide, and 98 per 
cent, of the dioxide. If the oxygen be at a press, of 40-50 
iio. 32 —Proportion atm., about half is oxidized to the trioxide. J. H. Kastle 
^ Tnoxide at McHargue observed that if the sulphur is burnt 

ferent I'ressures. instead of oxygen about 7 per cent, is converted into 

the trioxide, and the relative proportions of the oxides pro¬ 
duced by the combustion of sulphur in air are not appreciably af!f‘cted by 
moisture or increased quantities of carbon dioxide. Moisture is also without 
influence on the combustion of sulphur in oxygen, but the presence of carbon 
dioxide causes a slightly larger proportion of the trioxide to be produced. The 
fact that the quantity of the trioxide formed by the combustion of sulphur in 
air is so much greater than that produced by combustion in oxygen is con¬ 
sidered to be due to the presence of nitrogen. When mixtures of oxygen and 
nitrogen are employed containing smaller quantities of nitrogen than are present 
in air, the quantity of the trioxide formed is considerably diminished. It is 
suggested that the nitrogen acts as a carrier of oxygen, small quantities of one 
of the higher oxides of nitrogen being formed which effects the oxidation of the 
sulphur dioxide, H. Giran’s data on this subject have been indicated in con- 
nection with the heat of combustion of sulphur. The proportion of the total 
^phur converted into the trioxide, at different press., is illustrated by Fig. 32. 
The subject was studied by M. Berthelot, R. J. Nestell and E. Anderson, and 
ii J; Cornog and co-workers found that when sulphur vapour, in 

the absence of liquid sulphur, is burnt at 460°, about 3*6 per cent, of the gaseous 
product of combustion is sulphur trioxide. W. C. Young found that sulphuric 
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acid is practically the sole product of the oxidation of the sulphur during tlie coin- 
bustion of coal-gas ; and observations on this subject were made by C. Heisch, 
M. Dennstedt and i\ Ahrens, and U. W. Wigner. When the silent (‘leetrie dis¬ 
charge is passed through a mixture of th(* vapour of sulphur and oxygen, much 
sulphur trioxide is produced ; without the discharge, only a little trioxide is formed. 
J. S. Doting calculated tlie temp, of the flame of sulphur burning to sulphur dioxide, 
to be 1025''. According to S. Pagliani, the calculated temp, of combustion of Hu)])hur 
in the theoretical proportion of air is at constant press., and 2000^^ at constant 

vol. When, however, the combustion takes place in the normal ])roportion of air 
used in sulphuric acid works, the theoretical temp, is 900”, whilst^the maximum 
temp., encountered in practice in furnaces working normally, is 550”. In combus¬ 
tion furnaces for the extracition of sulphur from its minerals, the temp, should not l)e 
below 250”, which is the minimum temp, at which sulphur burns in a large excess 
of air. The incomplete utilization of the sulphur in these furnaces partly 

to the large vol. of air required to prevent the temp, risipg beyond 300 -340^, above 
which temp, the sulphur becomes mobile again. The catalj^ac action of platinum 
in the combustion of sulphur in organic compounds was studied by F. Pregl, and 
L. Berraejo and A. Rancano. 

(1 F. Schbnbein was wTong in stating that sulphur is not attacked by 
A. and P. Thenard said that ozone oxidizes sulphur to the dioxide ; and A. Mailfert 
observed that in the dry state only the dioxide, no trioxide, is formed, and in the 
moist state only sulphuric acid is produced. Observations were also made by 
E. Pollacci, T \V>y], and H. B. Baker and R. d. Strutt. A. Stock and K. Friederici 
observ^ed tliat sulphur dissolved m carhon tetrachloride is oxidized to sulphur 
dioxide, and trioxide. C. Moureu and C. Dufraisse found that in the oxidation 
of sulphur conqiounds, etc., by free oxygen, the (*atalysts can be divided into two 
classes : (i) anti-oxvgeuic catalysts which retard the oxidation, and (ii) pro-oxygenic 
catalysts wduch accelerate tlie reaction. In the former case the production of the 
intermediate compound A(02) is jirev^ented. P. W. Edwards discussed explosions 
in w’orks through the dust of sulphur or of sulphur-bine. 

Sulphur is not soluble in water. According to W. Spring, the allotropic or 
colloidal sulphur oblaiiied by H. Debus is really hydrated sidphuTy Sg.HjjO, of 
s[). gr. 1-9385 at J9”/4”, it loses its water at 80”, and Las a slight vap. press, at 
ordinary tern}). He consideri'd that the hydrati* is derived not from octahedral 
suljihur, but from an amorphous, unstable variety which is transformed slowly 
under ordinary conditions, and more rapidly under pn^ss., into soluble sulphur. 
The oxidation of moist sulphur in air has been already disciissi'd. J. Jones, and 
J. B. Senderens said that water has no action on sulphur, and that observations to 
the contrary are due to disturbing effects produced by the action of the alkalies 
dissolved from th(‘ glass containing vessel. E. Pollacci stated that the active 
agent is not oxygen, but ozone. The best conditions for the action of sulphur on 
water are a temp, of 35”~4()°, and exposure to sunlight. T. Brugiiatello and 
P. Pelloggio said that barium, strontium, and magnesium carbonates favour 
the action, and that sulphates and thiosulphates are produced, while, in the 
absence of carbonates, pentathionic acid may be formed. N. R. Dhar observed 
that when a mixture of powdered sulphur and yellow phosphorus under water 
at room temp, is treated with air, sulphuric acid is formed. According to 
J. Bohm, when bowers of sulphur are kneaded in ordinary water, the floating 
portions removed, and the immersed portions left in an open vessel covered 
with only a small quantity of water, sulphuric acid is produced, whereas if the 
flowers of sulphur are kept in spring-water, and the air is excluded, hydrogen 
sulphide is formed after a short time. Flowers of sulphur which have been kept 
for a month or longer in well-water, daily changed, immediately produce hydrogen 
sulphide, and, after a few days, the water, if its volume does not greatly exceed 
that of the flowers of sulphur, gives with a soln. of a lead salt, a black precipitate, 
and with barium chloride, a moderate turbidity. In sealed tubes, with flowers of 
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sulphur not very well adapted for the production of hydrogen sulphide, the for- 
mation of the gas is permanently hindered by the presence of air, even in small 
quantity. The same eifect is produced by any acid or by phenol; carbon disulphide 
prevents the action only when the flowers of sulphur have been well mixed with a 
few drops of it. Flowers of sulphur thus treated, and then freed from the admixed 
substance, also those which have been boiled or frozen for some days, do not recover 
the power of immediately producing hydrogen sulphide till they have b(‘en digesttal 
for some time in spring-water, daily renewed. In distilled water, no hydrogtm 
sulphide is evolved, and even flowers of sulphur highly capable of generating tliis 
gas, lose the power of immediately producing it, even in spring-water, if tlu'V have 
been washed with pure water and kept for some time. In distilled water mixed 
with a little chalk, much less hydrogen sulphide is fornunl than und<*r similar 
conditions in spring-water, and a large (]uantity of chalk ])rev(‘nts the formation 
of the gas, even under circumstances otherwise favourable. The same is true in 
a still higher d(‘gree for gjqxsum, and for a considerable quantity of charcoal-]>owder 
freed from air by boiling. In the latter case the liquid, which in most eases is 
faintly alkaline, is strongly clouded by barium chloride. Hydrogen sulphide is also 
formed on boiling sulphur in water. Well-water thus treated b<‘comes bluish green, 
and this colour is produced in like manner by distilled water after rhe addition of 
chalk. After tlie gradual decompoMtion of the carbonate', whereby thiosulphate 
is formed, the liquid, on cooling, becomes yellowish or colourless. When sulphur is 
boiled with water in a flask fitted with an upright tube, the sich^s of tlic flask become 
coated with crystalline sulphur, and hydrogen sulphide is given uiT. The decom¬ 
position of this compound, with separation of crystalline sulpliur, is effected, as is 
well known, only by sulphurous acid, according to the e(|uation 2 H 2 S [ SO^ 
— 2 H 2 O+ 3 S, which, on the other hand, doubtless represents the formation of th<* 
hydrogen sulphide. In acidulated water, no hydrogen sulphide is formed In 
sealed tubes containing air, also, no hydrogen sulphide is prodiiC(*d from non¬ 
floating flowers of sulphur, even after prolonged boiling ; but if they also c'ontain 
chalk, the gas appears after the oxygen of the air has been (‘onsuineii in the for¬ 
mation of sulphate. Phenol docs not prevent the formation of hydrogen sulphide 
in boiling water, which takes place, although in comparatively small quantity, at 
150° or upwards, even in tubes containing air, and in acid liquids. A. Gutbii^r noted 
that traces of polythionic acids and hydrogen sulphide are formed when air-free 
sulpliur vapour is passed into air-free water. 

According to E. Mulder, steam, and sulphur at a high temp, react to form 
pentathionic acid ; while V. Meyer stated that tliio8ul])huric acid is formed, 
J. Priestley obtained an inflammable air by passing steam over boiling sulphur. 
According to A. Girard, and C. Geitner, boiling water is decomposed by sulphur, 
and water is decomposed when heated with sulphur in a sealed tube at 20()°; 
but A. Gelis observed that the little hydrogen sulphide which is produced is duo 
to the presence of impurities in the sulphur, and said that water is not decom¬ 
posed by sulphur when pure materials are used. Iodine or potassium pennan- 
ganate favours the reaction. C. F. Cross and A. F. Higgin found that sulphur 
begins to decompose water at about 95°, producing a trace of hydrogen sulphide : 
2H20-f3S^2H2S4-v^02, and the sulphur dioxide may afterwards be oxidized 
by atm. oxygen; or the reaction may be reversed because when water is dis¬ 
tilled from sulphm, sulphur forms in the condensing tubes. 0. Ruff and H. Graf 
believe that C. F. Cross and A. F. Higgin’s test for the formation of hydrogen 
sulphide by treating the distillate with lead acetate gave fallacious results 
because the formation of lead sulphide may have been produced by the volatilized 
sulphur. They found that the partial press, of sulphur in an indifferent gas like 
carbon dioxide, and in steam were almost identical, and this is taken to preclude the 
occurrence of any measurable reaction. E. Heinze, and E. Noack agree that 
hydrogen sul]ihide and polythionic acids can be produced by the action of sulphur 
on water. According to F. Jones, when sulphur is boiled with water in vessels of 
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platinum or fused silica, hydrogen sulphide and thiosulphuric acid are formed, 
whilst, in the presence of oxygen, hydrogen sulphide and sulphuric acid are obtained. 
H. Bassett and R. U. 1)arrant suggested that hydrogen sulphide and sulphurous 
acid are not the first ])roducts of the hydrolysis of sulphur, but that the reaction 
is analogous to the hydrolysis of chlorine : Cl^+H^O^HCl j-HOCl, so that 
2 S-r 2 H 20 ^HMS+(H 0 ) 2 S. 'I’he sulphoxylic acid, is very unstable, decom¬ 

posing into hydrogen sulphide and sulphurous acid in acidic soln., and in alkalfnc 
solii. into sulphide and suli)hite : 3 S( 0 H) 2 ^H 2 S+ 2 H 2 vS 03 —vide infra. Th(‘ thio¬ 
sulphuric and other sulphur acids are formed by the reaction of the products of 
the decomposition of sul})hoxylic acid with hydrogen sulphide, etc. As indicated 
in connection with the siil]jhides of the alkalies and alkaline earths, the alkali 
hydrolysis of sulphur furnishes polysulphidcs and thiosulphate, both of which could 
result from the action of 8 ulj)hur on previously formed suljdiide and sulphite. 
Attempts to establish the reaction 2S~b 2 H 20 ^ILS-f(H 0 ) 2 S have not been 
successful. The action of moist sulphur on silver and other metals, even at the 
ordinary temp., is undoubtedly due to slow hydrolysis of the sulphur, which is 
accelerated by removal of the hydrogen sulphide as insoluble sulphide of the metal. 
Similarly, soln. of silver salts, or salts of other metals which form very sparingly 
soluble su]phuh‘s, are readily acted upon by sulphur on boiling. A quantitative 
experiment in wliich sulphur was digested with metallic silver in presence of chromic 
acid was in b(‘tt(T agre.'iiient witli reaction 2 S-b 2 H 20 ^H 2 S 4 -(H 0 ) 2 S than with a 
reaction 38-|- 3 H 2 U^ 2 HoS+H 2 ^U 3 , since a})proximate]y one mol. each of silver 
sulphide and sulphuric acid were formed. VVhen finely-ground rhombic siil])hur 
is boiled with silver acetate soln., the alteration of the sulphur is very superficial 
owing to the })rotcctive action of the dense, coherent film wdth wdiich it becomes 
covered. D. Talmud discussed the elTect of acidity on the flotation of sulphur in 
water. 

B. Corenwinder obtained hydrogen sulphide by passing a mixture of steam and 
sulfduir vapour ov('r red-hot ])uiuice-ston<‘, or silica ; while E. Gripon obtained a 
little hydrogen sulphide and a little pentathionie acid by passing steam and sulphur 
vapour through a r(*d-hot porcelain tube, and X Meyer, by the action of steam on 
molten sulphur. G. N. Lewds and M. Kandall examined the equilibrium conditions 
in the system : 21L>0-|-3S-- 2H..S-|-8()o, and found for the equilibrium constant, 
[ll 2 SH 8 ( > 2 ] - A'LH 20 ] 2 , A^~- Od)OC )88 to (V00232 at the b.p. of suljXur. M. Kandall 
and F. K. von Bichowskv worked at higher temp., 887° to 137*2°, where free 
liydrogen is formed by the decomposition of the hydrogen sulphide in H 2 S=H 2 -f-JS 2 . 
According to A. Colson, sulphur deposited on the walls of the flask when cone. soln. 
of sodium thiosulphate is treated wiih dil. hydrochloric acid (1 : 10 ), decomposes 
water energetically at ordinary temp., wTnle flowers of sulphur decompose boiling 
water slowly. E. Pollacci said that hydrogen dioxide does not oxidize finely 
divided sulphur. 

The action of the halogens on sulphur is discussed in connection with the 
sulphur halides— infra. K. H. Butler, and M. A. and D. McIntosh observed 
that sulphur does not react with liquid chlorine. W. Engelhardt^ observed that 
colloidal sulphur does not react with iodine. J. B. A. Dumas said that sulphur is 
soluble in warm bromine. E. Beckmann and R. Hanslian, and M. Amadari used 
iodine as a cryoscopic solvent and obtained a mol. wt. Sg. The action was also 
studied by R. Wright. J. Mori studied the equilibrium of iodine and sulphur in 
carbon disulphide soln. at 10 ° and 18°, but obtained solid soln.; no compound was 
formed. S. Kitashima said that free sulphur is not attacked by hydrochloric acid 
unless in the presence of a large quantity of iron when hydrogen sulphide is formed. 
6 . N. Lewis and co-workers found that aq. soln. of chlorates are heated with sulphur 
to 150°-180^, are slowly reduced owing to the reversible change 2 H 204 - 3 S^ 2 H 2 S 
-hSOo, where the sulphur dioxide is the active agent; bromates are reduced to 
bromine, and iodates to iodine ; perchlorates, and periodates are not acted on at 
180°. M. Raffo and co-workers found that when iodic acid is mixed with colloidal 
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sulphur, a deep red colour due to free iodine is immediately developed, and sub¬ 
sequently a voluminous, dark red precipitate composed of a mixture of iodine 
and 8ul])hur separates. There is evidence that the sulphur is oxidized to sulphur 
dioxide by the iodic acid, the resulting hydriodic acid is oxidized to free iodine 
by part of the iodic acid, and the latter also oxidizes tlu* sulphur dioxide to 
sulphuric acid. Under certain conditions, the reaction increases at first with the 
iodic acid concentration, attains a maximum, and beyond that point diminislu^s 
with further increasi* in cone. According to the conditions, the reaction proceeds 
until the iodic acid or the sulphur is used iij), or until the sulphur se}>arate8 in 
gelatinous form. 

J. H. Niemann found tliat sul])hur is solubh* in warm liquid hsrdrogen sulphide ; 
and H. Pelabon, that liquid sulphur at iiif freely dissolves hydrogen sulphide, 
which is liberat(Hl with “spitting” as the sulphur solidifies; hydrogen is absorbed 
at ]7(U, and more and more is dissolved as the temp, rises to 440"^. Even boding 
sulphur absorbs hydrogeri sul{)hide at ordinary press. ; and in vacuo, at 440°, th<^ 
sulpimr retains the wdiole of the absorbed gas If. Mills and P. L. Robinson found 
that a susjauision of suljihur in a(j ainnioma, when saturated with hydrogen sul¬ 
phide furni^^hes ammonium pentasulplnde. J. R. A. Dumas found that sulj>hur 
is soluble in a warm soln. (»f barium sulphide, and J. J. Berz<dius, and II. E. Schorie, 
that an ah'oholio soln. of potassium pentasulphide dissolves sulphur, which is 
precipitated by adding water to tin* sat soln. F. W. Kiister m<‘asun‘(l the solubility 
of suljilnir in a soln. of sodium sulphide between 0^ and 50°, and found it to decrease 
slightly with a rise of temp. The noimality, Y, of tlie aq. soln. of Na 2 S, and the 
value of n in the resulting Na^S,,, \ver(‘ found, at 25°, to be : 

N . 40 20 1*0 0-125 0-0025 0 03125 0 007812 

n . 4-175 4-000 4-845 5 225 5*239 5 198 1-450 

The solubility thus increases witli ddution, ha\ing a maximum value with ,^-A"Na 2 S 
when thi‘ ratio NaoS : S- 1 : 4--vide alkali sulpliides, 2. 20, 2.3. J R. A. Dumas 
found that suljihur is soluble in Sldphur chloride ; and H. Rose, that sulphur m(mo- 
chloridc dissolves 60-74 per cent, of sulphur at ordinary temp., forming a liquid of 
sp, gr. 1*7. Tlie solubility was discussed by W. R. Orndorff and G. L. Terrasse, 

and }>y 1 j. Ar4>nstein and S. H. Meihuizeii. A soln. of sulphur in the monochloride 

sat. at 20°, dru's not deposit sulpliur when heated to 170° ; and A. H. W. Aten 
showed that the* soln. can then dissolve as much more sulphur as it dissolved at 
20', and that the sulphur is probably present in a special aliotropic iorm-'inde 
supra, TT-sulphur. A. H. W. Aten found that the fusion temp, of A-suIplmr in 
sulphur monochloridc, representing the solubility, S, of A-Hul])hur—in molar 
percentages- in that menstruum, are : 

-16’ 0* 17 0“ 55 2“ 17 7’ 95 6“ 86“ Km 2“ 110 1“ 118 8’ 

S . 4-3 H-O 9*9 28-5 55-4 81-8 81*8 88-4 95 100 

Solid phase a-sulphur /9-HuIptiur 

F, Sestini, and F. Friedrichs ob-served that liquid sulphur dioxide dissolv<‘S a little 
sulphur. According to R. H. Adie, sulphuric acid acts on 8ul])hur, giving off 
sulphur dioxide at 2(X)° but no hydrogen sulphide. ,Bulphiir reduces sulphuric 
acid at a high temp 8 [-2112804~-2H20+3802 ; and as G. N. Lewis and co-workers 
showed, the reverse nviction is obtained by heating sulphur dioxide and water in 
a vseal<‘d tube at 150", when sulphur is deposited. This reaction was mentioned 
by J. Priestley, in a chaf)ter : On the convertibility of vitriolic acid air into nitriolic 
acid ; and it was investigated by M. Berthelot, A. F. de Fourcroy and L. N. Vau- 
quelin, C. Geitncr, F. ilautefeuille, J. Tyndall, A. Morren, P. Walden and 
M. CVntnerszwer, 0. 8t. Pierre, and E. Jungfleisch and L. Brunei. H. B. North 
and J. C, Thomson frmnd that, when sulphur and thiouyl ChloridC or SUlphuryl 
chloride are heated in a sealed tube at from 70° to 180°, the formation of sulphur 
dioxide and sulphur monochloride begins at 150°. W. Prandtl and P. Borinsky 
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found that pyrosulphoryl chloride is without action on sulphur in the cold, but when 
heated, 8 ul}>hur raonochloride distils over. 

The chemical action of activated nitrogen on sulphur has been previously dis¬ 
cussed, and it follows on the lines indicated in connection with activated hydrogen 
by F. H. Newman, and (t. L. Wendt. A. A. Zimmermann discussed the union of 
sulphur and uitrogen in the electric discharge. E. C. Franklin and (\ A. Kraus 
found sulphur to be soluble in liquid ammonia ; 0. Hugot said that 3 to 4 c.c. of 
the liquid dissolves a gram of sulphur; (). Ruff, that, between and --84", 

liquid ammonia dissolves 39 ])er cent, of sulphur ; and O. Ruff and L. Hecht gave 
for the solubility, N, in grams of sulphur per KK) grms. of soln.: 

- 7 S’ —20 5® 0® 16 4® 30® 40® 

38 1 32-34 25-65 21-0 18-5 

H. Boerhaave nott'd the solvent action of aqua ammonia on sulphur, and G. Calcagni 
found that 100 c.c. dissohn's 1-367 grms. of sulphur— vide ammonium sulphides, 
2 . 20, 24 ; and 8 . 19, 20. W. P. Bloxam observed no ^'action between sulphur and 
a boiling soln. of ammonia ; whcm the mixture is heated in a sealed tube, poly- 
sulphide, thiosul]>hate, and traces of sulphite, but no sulphate, were formed. 

F. W. Bergstrom found thal sulphur reacts n-adily with an amrnoniacal soln. of 
the amides of Irthium, potassium, calcium, barium, and magnesium. T. Oiirtius, 
and (\ A. Ij. de Pniyu noted the solvent action of hydra2dne and its hydrate on 
sul])hnr. T. W. B. Welsh and 11 J. Broderson found that at room temp. 100 grms. 
of anhydrous hydrazuu* dissolve 51 grms. of sulphur with decora])osition. According 
to F. Ephraim and H. Piotrowsky, sulphur readily dissolves both in hydrazine and 
its hydrate, giving a dark biown soln., which on pouring into wat(T cJejiosits suljdiur. 
At tli(‘ ordinary tenq»., anhydrous hydrazine dissolves about 60 per cent, of its 
weight of sulphur. After a short time a reaction occurs according to the equation : 
N 0 II 4 r 2S Nj -1 211.^8. mtrog<'n being evolved and an unstable hydrazine hydro- 
sulphuh' remaining in soln. Observations were also made by J. IVleyer and J. Jannek, 
A. GutbuT an<l Emslaiuh'r, and Wo. Ostwald and I. Egg(‘r. According to 
V. ('. Palit and N. K. Dliar, 13 and 26 per cent, nitric acid have no action on sulphur 
at ordinary temp. U. Zitder observed no reaction with nitric acid up to 40 per 
ctmt. JlNOjj, an<l with boiling 50 per C(mt. acid, a feeble reaction occurred. 
P. F. Fran Hand and K. 0. Farmer found that sulphur is slightly soluble in liquid 
nitrogen peroxide; an<l J. B. A. Dumas found that warm nitrogen trichloride, and 
phosphorus trisulphide dissolve some sulphur. L. Delachaux represented th{‘ 
reaction witli phosjdune by 2 PU 3 +?<S - 3 Il 2 S+r 2 Srt_ 3 , which occurs above 320"“’. 
T. Karaiitassis observed that witli a soln. of sulphur in carbon disulphide, phos¬ 
phorus triiodide forms phosphortetrcu^osisulphotriiodide, PIs.SSg. F. Jones found 
that phosphine acts on sulphur in diffused daylight or better in sunlight ; the 
action is slower than with arsine. The metalloid sulphide and hydrogen suljihide 
are formed; with stibine, some liydrogeii is produced by a secondary reaction. 

G. Vnrtmann and C\ Padberg found that antimony trichloride is not altered when 

boiled with water and sul]>hur. (L Vortmann and C. Padberg found that arsenic 
trioxide or pentoxide is not alter(‘d when boiled with water and suljihur. V. Auger 
observed that sulphur forms compounds'^ with arsenic triiodide, and antimony 
triiodide Tiie reactions were studied hy K. Schneider. F, E. Brown and 

J. E. Hynder found that at O’, 2(F, io'", and (15 , 100 grms. of vanadiumoxytri- 
chloride dissolve respectively 3*307, 5-995, 33-103, and 30-73 grms. of sulphur; 
afiove 80 t he soln. liec'omes viscous, and, after a time, it solidifies, giving off sulphur 
dioxide. O. Ruff and If. Fiekeft represented the reaction 2 V()(Jl 3 d“ 8 ~ 2A 

The remdion between sulphur and carbon was discussed 6 . 39, 40. The subject 
was studied ]>y A. B. iierthollet, C. A. Berthollet, L. N, Vauquelin, etc. J. P. Wibaut 
found that after heating a mixture of sugar charcoal and sulphur to bright redness, 
the 3 to 6 per cent, of sulphur which remains cannot be extracted with solvents, 
and may be chemically combined, or only adsorbed. J. P. Wibaxit and E. J. van 
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der Kam found that only the amorphous forms of carbon are able to fix sulphur 
wlien the two elements are heated in a closed tube at 50()'' to E. H* Buchner 

showed that sulphur is insoluble in liquid carbon dioxide. P. Winternitz, and 
J. B. Ferguson studied the equilibrium conditions in the reaction : C02+iS2^C0 
-f ISO 2 . The latter found that at lOOG"* and 1200°, using broken porcelain, or 
platinized porcelain as contact agents, [C0*2][S2ll“'IiC[C0][S02]* ; and log K 
-r5659T“i™ 0-6915 log J+0-00030T- 0-()0(X)00034r2-0-872 ; and for the change 
in the free energy, SF - —25915+1-375^ log T—O-OtlUT^4.0-0000001557’M-3*99T; 
and at 25°, -69761 cals. At 1000°, log A^-1-75 ; at 1200°, M5 ; at 1400°, 

0*69 ; and at 1500°, 0-50. Probably small quantities of carbonyl sulphide are 
formed ; and G N. Lewis and W. N. Lacey studied the equilibrium conditions in 
the reaction Ixdween carbon monoxide and liquid sulphur—6. 39, 29—CO+S —G08, 
in which are als(^ involved : CSo CS+S, and 2COS - (X )2 + CS 2 . The equilibrium 
constant for [COS] "A[CO] is K— 435 at 260°, and 201 at 302°. R. Schwarz and 
P. W. Schenk observed that sulphur vapour is more chemically active towards 
carbon monoxide when the va])our is exposed to the silent electric discharge 
There is no evidence of a depolymenzation of the molecule. 

The most commonly used solvent for sulphur is carbon disulphide. Obser¬ 
vations were made by A. Payen, C. J. St. C. Deville, A. Oossa, J. W. Retgers, 
G. Gore, (dc. In the following, tiie solubility S represents tlie number of grams 
of a-sulphur dissolved by 100 grins of soln.; the results below - 60° arc by 
H Arctnwsky, the others are by A. fitard. 
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J, W, Retgers gave 26-4 at 10°. Bv definition, /a-sulplmr is insoluble in carbon 
disulphide. Some varieties of a-snlphur are not entirely soluble in t hat menstruum, 
presumably owing to the presence of/r-sulphur. For instance, E. Tittinger reported 
neither ordinary roll sulphur,nor flowers of sulphur to be completely soluble in carbon 
disulphide ; while precipitated sulphur is completely soluble in five times its weight 
of that solvent. According to C. J. »St. Deville, the first of the following data 
refers respectively to the solubility of sulphur, in grams, per 1(X) grms. of carbon 
disulphide, and the second represents the fraction of the original weight which is 
insoluble in that menstruum : Sicilian a-sulphur, 33-5, 0‘000; recently prepared 
rhombic sulphur crystallized in a dry way, 41*5, 0-029 ; the same after 8 years, 
33-0, 0-004 ; the same after 9 years, —, 0-020; and the same after 15 years, 
- “, 0-ti51 ; recently prepared red needles, ^-2, 0-023 ; recently prepared soft yellow 
sulphur, 0-353; the same after 2 years, 31-6, 0-157 ; recently prepared soft 
red sul]>hur, »37-4, 0-157 ; the same after 5 years, —, 0*181 ; flowers of sulphur, 
35-1. 0-113 to 0*234; and roll-sulphur (outside), —, 0*029 to 0-073. M. Amadori 
said that 100 grms. of carbon disulpliide dissolve 53*2 grms. of sulphur at 25°— i.c. 
34*76 grms. per 100 grms. of soln. According to C. E. Guignet, if a layer of carbon 
disulphide be poured over soln. of sulphur in that solvent, and thereon a layer of 
oil, absolute alcohol, ether, benzene, or petroleum, the solvents difiuse into one 
another and sulpliur crystallizes out of the soln. 

C. A. L. do Bruyn found the solubility of a-sulphur in absolute methyl alcohol 
to he 0-028 grrn. per 100 grms. of solvent at 18-5° ; and with absolute ethyl aloohol* 
0*053 grin, at 18-5° ; J. J. Pohl gave 0-051 grm. at 15°; and A. Payen, 0*42 at the 
b.p. Other observations were reported by L. L. F. Lauraguais, A. Payen and 
J. B. A. Chevallier, P. T. Meissner, and T. J, Pelouze and E. Fremy. J. N. Bronsted 
found for jS-sulphur, 0-066 per cent, solubility in ethyl alcohol, and a-sulphur, 
0-052 j>er cent, at *•25*3°. H. Prinz said that no chemical action occurs at 200°; 
and A. G. Bloxam that the soln. in hot alcohol first deposits jS-sulphur on cooling. 
A. Gerardin found the solubility of a-sulphur in 100 grms. of amyl aloohol to be 
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1*5, 2*15, and 2*65 grms. respectively at 95°, 110°, and 112°; and for liquid sulphur, 
2*65, 3*0, and 5*3 grms. at 112°, 120°, and 131° respectively. Sulphur is soluble 
in haxyl alcohol. J. W. Klever found that glycerol dissolves 0*10 per cent, of 
sulphur ; P. A. Cap and M. Garot, that 100 parts of glycerol dissolve 0*05 part of 
sulphur ; and A. M. Ossendowsky, 0*14 grm. at 15*5°. A. Cossa found that 100 
grms. of ethyl ether at 23*5° dissolve 0*97 grm. of a-sulphur ; and J. N. Bronsted, 
0*080 grm. at 0°, and 0*200 grrn. at 25*3°, while for ^-sulphur these numbers are 
0*113 grm. at 0°, and 0*253 gmi. at 25*3°. J. M. Favre also measured the solubility 
of sulphur in ether. R. Delaplace found that 0*188 grm. of sulphur is dissolved 
by 100 grms. of anhydrous ether at 13°.^ J. Meyer also found that j3>sulphur is 
more soluble than a-sulphur in ether. W. Alex6cif noted the reciprocal solubility 
of ether in sulphur. W. Eidmann showed that sulphur is soluble in acetone; and 
W. Herz and«M. Knoch found that 100 c.c. of acetone dissolve 65 milliraols of 
sulphur at 25°, and 100 grms. of a mixture with water and 95*36, 90*62, and 85*38 
grms. of acetone dissolve respectively 45*0, 33*0, and 25*3 millimols of sulphur. 
Sulphur is also soluble in aldehyde. J. W. Retgers found that 100 grms. of 
methylene iodide at 10° dissolve 10 grms. of sulphur ; and melted sulphur is mis¬ 
cible with hot methylene iodide. A. fitard showed that 100 grms. of a soln. of 
ethylene dibromide contain, at 

O'* 10^ 20® 40^ 60® 80® 100® 

Sulphur , 1-2 1-7 2 3 4-4 8-4 16 5 36*5 grraa. 


J. N. Bronsted observed that 100 c.c. of a sat. soln. in ethyl bromide contain 
0*852 grm. of jS-sulphur at 0°, and 1*676 grms. at 25*3° ; or 0*611 grm. of a-sulphur 
at 0°, and 1*307 grms. at 25*3°. Sulphur is also soluble in ethyl chloride. 

K. A. Hofmann and co-workers found that, at 25°, 100 grms. of tetrachloroethane 
dissolve 1*23 grms. of a-sulphur and 100 grms. of ethylene dichloride» 0*84 grm. 
J. H. Hildebrand and C. A. Jenks found that 100 grms. of ethylene dichloridc 
dissolve 0*826 grm, a-sulphur at 25° ; 1*380 grms. at 40° ; 5*43 grms. at 79° ; and 
99*7 grms. at 97*5°; dichloroethane, 1*28 grms.; pentachloroethane, 1*2 grms.; 
tetra^oroethylene, 1*53 grms. ; and kichloroethylene» 1*63 gnns., while 
D. H. Wester and A. Bruins gave 1*19 grms. at 15°. J. J. von Bogusky found that 
above 134*2°, sulphur is miscible with benzyl chloride in all proportions, but 
below that temp,, the mixture separates into two layers—the upper layer lias 
0*99 grm. of sulphur per 100 grras. of soln. at 0°; 19*89 grms. at 99*1° ; 37*29 grms. 
at 118° and 56*20 grms. at 132*2°; while the lower layer has 90*62 gnus, at 109*6° 
and 72*23 grms.at 134*2°. W. Alexeeff gave 116° for the critical soln.temp. of sulphur 
and chlorobenzene. K. A. Hoffmann found that 100 grms. of carbon tetra¬ 
chloride dissolve 0*86 grm. of sulphur at 25°. J. H. Hildebrand and C. A. Jenks 
found that 100 grms. of carbon tetrachloride dissolve 0*339 grm, of a-sulphur at 
0° ; 0*831 grm. at 25° ; 1*155 grms. at 35° ; 1*564 grms. at 45° ; and 2*008 grms. 
at 54°. R. Delaplace found that 0*645 grm. of sulphur is dissolved by 100 grms. 
of carbon tetrachloride at 15*5°. A. von Bartal found that sulphur reacts with 
carbon tetrabromide in a sealed tube at 180°~195°, forming carbothiohexabromide, 
C 2 Br 4 S 2 , carbon disulphide, bromine, and sulpluir rnonobromide, but forming, 
according to G. Gustavson, thiocarbonyl chloride and sulphur monochloride. 
H. V. A. Briscoe and co-workers obtained only sulphur rnonobromide, carbon 
disulphide, bromine, and carbon. J. Meyer noted that jS-sulphur is more soluble 
than a-sulphur in chloroform. B. Rathke also noted the solubility of sulphur 
in this menstruum. A. Cossa observed that 100 grms. of chloroform at 22° dis¬ 
solve 1*21 grms. of sulphur. J. N. Bronsted found that at 12*25° and 192*29°, 
100 grms. of chlorolonn dissolve respectively 0*744 and 0*918 grm. of sulphur; 
and at 0°, 15*5°, and 40°, chloroform dissolves respectively 1*101, 1*658, and 
2*9 per cent, of ^-sulphur, and 0*788, 1*253, and 2*4 per cent, of a-sulphur. 
R. Delaplace found that 0*874 grm. of sulphur is dissolved by 100 grms.^ of 
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m of ir> . \\ Vloxaoil Jiofiaj the iecjj>iocal nf chloroform in 

^iiiplnir. ('. F>. M.nisjjejd foinul vulplnir In he M)liihlt* in bromoform, and 
M. Am.idori &aid that )t :iM)} per < ent ol sulphur at . Y. Auger 

<>l)sti\ed that Milphur lomus additmu products 
/so^'r-j-y T j iodoform, and tetraiodoethylene. Sulphur 

^ ^ -dsn soluble lu warm chloral, in bronial» and 

/^O ' * * " \j^ iodal. <• Hruni and C. INdiiz/ola studied the 

systou .sulphur and p-dichlorobenzene. Sulphur 
y ‘ ' ' } i'' soluble in mercury methide; and in ethyl 

^ 7 ^ ^ ^ ^ " j nitrate, from which soln it is not precipitated 

f _ ' . _ . j ds' wat«*r J, A. Wilkinson and eo-workers found 

I .1 the solubilities of rhombic and moiioelinic sulphur 

0 20 ^0 60 60 /oo ,,i /i/i'-dichlorodiethylsulphide to lie the same over 

/’.z ,. 5 . , J^ sohibility-f.p. ciirvo 

Im Tipeyin^r point c’uivr diown m Fig X\. Below 78", the solid phase 

of Siili>hiii and fifl dicidoio- I"" ilmiuluc sulphur, and above that tiuuf)., mono- 
dietli> Isulphide. c jmic sulphu! Tile solubility of amorjihous sul- 

plini bf'lnw ()•] 1 per cent at loin}), below 120 
at which t(*mp ‘Niilpliur m<'lt'> and into soln Sat soln. of suljihur in 

tins Solvent contain 7*b per cent of sulphur at 80 , 1J •:’> pcT <ent. at 90^; 17-5 
per cent, at BK) , and 21d) per ccuit at ]0l B Rathkc* found suljihnr to be 
scduble in ethyl sulphide ; and it dissoKed b\ ethyl and butyl hydrosulphides ; 
it IS also soluble in CECodyl oxide and m warm allyl thiocyanate W. AlexeefT 
uave 121 for the critical soln tcuup of allyl thioc\<inati‘ <ind snlplnir. A. Naii- 
marm found suljuliur is slightK solid le in benzonitrile at ordmaiy temp, hut 
more solulih* at a higher one 

C. T. Liebermaun observecl tliat sulphui is dissolved by warm, cone, acetic 
acid, but only a trace is dissolved by the dil. acid M Jtosenfedd found sulphur 
to be readily dissolved by boiling acetic anhydride, and thi.s, according to IT. Piinz, 
without chemical action. J. N. Bronstod showed that CP. ethyl formate dissolve.s 
0*028 per cent, of ^-sulphur, and 0-()l9 {>er cent, of a-siiljihur. A. Naumann 
oliserved that sulpliiir is sparingly .soluble in methyl acetate, and soluble' in ethyl 
acetate, while J. M. Favre observu^d t hat acetic c‘ther dissolve's G ]>('r <‘ont. of sulphur. 
Sulphur IS insoluble in valeric acid, and 111 amyl valerate. D. Yul])ius iound suljihur 
to be soluble in a soln. of stearic acid ; while* (\ B. Gates noted that 100 e.e. of 
oleic acid dissolve 6*7 grms. of bulphur in six days. A. Miebael obse^'rved that a 
cold alcoholic soln. of sodium ethyl malonate dissolves sulphur, with a sliglit 
cheunical action. Sulphur is slightly soluble in a boiling cone. soln. of thiocyanic 
acid from wliieh most .sejiarate^s out on cooling. 

G. Capelle, and F. W. O. de (Vminek found that when acetylene is passed over 
medteii suljihur, in the absence of air, the chief products are hydrogen sulphide, 
carbon disulfihide, and thiophene. H. Y. A. Briscoe and J. B. Peel, and J. B. Peel 
and P. L. Robinson also noted the j>ro<laction of thiophene as well as carbon disul- 
jdiide between 325® and 650® ; Y. Meyer and T. Sandmeyer also noted the production 
of thiophene in the reaction. Sulphur is soluble in valerylene. A. iStard found 
that 100 grms. of a hexane boln. of sulphur contain at 
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J. H, Hildebrand and C. A. Jenks found that 100 grrns. of heptane dissolve 0*124 
grm. of a-sulphur at <)' ; 0*362 at 25"; 0-512 grm. at 35® ; 0*698 grm. at 45® ; and 
0*926 grm. at 54®. A. Paven, ('. B. Mcinsfield, A. (‘ossa, and A. jfitard observed that 
sulphur is soluble in benzene ; the last-named gave for 1(X) grms. of the soln., at 
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M. Ainadori said that 100 gruis. of solvent dissolv< 3 S 2*15 gnus, of sulphur at 25' 
— i.e. 2*9 grms. per 100 grms. of sola,; and R. Delaplace, 1*582 grins, of sulpliur per 
100 grms. of solvent at 15^^. J. Bosoken, and C. Friedel and 
J. M. Crafts observed that boiling benzene in the presence of 
aluminium chloride reacts with sulphur, forming diphenyl 
sulphide, thianthreue, etc. D. L. Hanimick and W. E. Holt 
studied the equilibrium conditions in the system : 

W, Alexeeft' gave 163^^ for the critical soln. temp, with 
benzene and sulphur. J. H. Hildebrand and C. A. Jenks 
found that 100 grins, of benzene at 25*^ dissolve 2*074 grms. 
of a- 8 ulphur; and 5*165 grms. at 54"". H. R. Kruyt ob¬ 
served that benzene and sulphur are completely miscible 
above IGO"", and below 226^. The miscibility curves above 
and below these temp, are illustrated by Fig. 34. J. Boseken 
represented the reaction with boiling benzene in the pre¬ 
sence of aluminium chloride by : SS+bCcHg-f 3 A 10 l 3 ~~ 4 H 2 S+ 2 (CgH 5 ) 2 S(AlCl 3 ) 
+-( 0 ^ 114 ) 082 .AICI 3 . According to J. N. Bronsted, at 18*6^ and 25*3^^, benzene 
dissolves respectively 2*064 and 2*335 per cent,, of j3-siilphiir, and 1*512 and 1*835 
per cent, of a-sulphur. J. Meyer also noted that /i-sulpliur is more soluble than 
a-sulphur in benzene. J. H. Hildebrand and C. A. Jenks found that KX) grms. 
of toluene at dissolve 0*987 grm. of a-sulphur; 2*018 grms. at 25"^; 2*722 
grms. at 35® ; 3*620 grms. at 45® ; and 4*85 grms. at 54®. R. Delaplace found 
1*857 grms, of sulphur are dissolved by 100 grms. of toluene at 20 ®. W. Aiexeeff 
gave 180® for the critical soln. temp, with sulphur and toluene. H. K. Kruyt 
observed that with sulphur and toluene, the limits of complete miscibility lie 
between 180’ and 220®, and the curves are similar in type to those of Fig. 34. 
J. K. Haywood made observations with mixtures oi sulphur and toluene. 
A. Smith and co-workers, and H. R. Kruyt studied the system sulphur and 
triphenylmethane ; the solubility curves are shown in Fig. 7, and the miscibility 
curves are similar in type to Fig, 34, with the limits of complete miscibility 
between 145® and 200®. J. K. Haywood made observations with mixtures of 
sulphur and xylene. H. R. Kruyt found lhat the system sulphur and m-xylene 
gives curves in which the components are not completely miscible within the 
limits of temp, employed. J. H. Hildebrand and 0. A. Jenks found that 100 grms. 
of w-xylene dissolve 1*969 grms. of a-sulphur at 25® ; and 3*604 grms. at 45®. With 
sulphur and ethylbenzene, a chemical reaction at about 200 ® interferes with the 
results. H. R. Kruyt, and D. L. Hammick and W. E. Holt studied the system 
sulphur and benzoic acid; and K. Schneider, the action of sulphur on various 
organic iodides. Sulphur is soluble in ligroin, etc. N. T. de Saussure found 
that 1 2 parts of hot petroleum from Amians dissolved one part of sulphur : 
0 . B. Mansfield found sulphur to be soluble in ligroin. For the solubility of sulphur 
in grains per 100 parts of coal-tar oil, J. Pelouze gave for oils of different sp. gr. 
and b,p.: 
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A. Payen found that 1*35 and 16*2 grms. of sulphur dissolve in 100 grms. of tur¬ 
pentine at 16®, and at the b.p. respectively. Sulphur dissolves in hot styrene, 
and separates from the soln. on cooling. A. Cossa found that 100 grms. of phenol 
dissolved 16*4 grms. of sulphur at 164®, A. Smith and co-workers found that 
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mixtures of sulphur and 100 grms. of phenol could be heated until they were homo¬ 
geneous, and on cooling, a cloudiness appeared at 

80f>" 160 5“ 167-5“ 176“ 

Sulphur . 91 19-9 28 0 32-4 36*6 grms. 

Similarly with 100 grms. of jS-naphthol, a cloudiness appeared at 

118“ 143 5“ 157“ 164“ 103“ 

Sulphur . 34 69*3 97*4 209-7 300 grms. 

Sulphur is slightly soluble in cold creosote, but one part of sulplmr dissolves in 
2'6 parts of boiling creosote. A. Cossa, V. M(‘rz and W. Weith, J. Fritzsche, 

K. A, Hofmann, 0. Hinsberg, and J. A. Barral found that sulphur is very soluble 
in warm axuline, but sparingly soluble in the cold. W. Alexeeff gave 138° for the 
critical soln. temp, with aniline and sulphur. A. W. Hofmann, I. Cerut, and 
E. Beckmann and W. Gabel found that quinoline dissolves sulphur, but a reaction 
sets in with the evolution of hydrogen. D. L. Hammick and W. E. Holt studied 
equilibria in the systems sulphur and quinoline, sulphur and pyridine, and sulphur 
and p-xylene. With pyridine as solvent, and a vulcanized rubber membrane, 

L. Kahlenberg was able to separate, by dialysis, sulphur from cane sugar, silver 
nitrate, or lithium chloride. J. W. Klever found that 100 grms. of nicotine at 100° 
dissolve 10*6 grms. of sulphur. Sulphur also dissolves in coniine. Sulphur is 
soluble ill hot oil of copaiba, hot oil of caraway, hot oil of mandarin, hot oil of 
amber, hot resin oil, and hot caoutchouc. C. 8. Venable and C. D. Greene studied 
the solubility of sulphur in rubber. W. J. Kelly and K. B. Ayers said that the 
distribution of sulphur between unvulcanized rubber and amyl or n-butyl alcohol 
obeys Henry’s law. The sulphur is present in the rubber in a state of soln. and 
not of adsorption. D, F. Twiss and F. Thomas found /^-sulphur slightly more 
active than A- or 7 r-sulphur as a vulcanizing agent for caoutchouc. P. Bary and 
L. Weydert concluded that ordinary vulcanized caoutchouc is an equilibrium 
mixture, and that combined sulphur is set free on diminishing the osmotic press, 
of the free sulphur. The reaction of vulcanization is represented as C 3 oH'iflriS 2 
^CioHieS 2 , but the numerical data obtained are not in agreement with the ordinary 
law of mass action, whatever hypothesis may be adopted as to the degree of poly¬ 
merization of the hydrocarbon. The conclusion drawn is that the hydrocarbon 
molecules having polymerized by union at the double linkings, on vulcanization 
sulphur first becomes attached only to the terminal double linkings of a chain ; 
further vulcanization, therefore, can only occur after depolymerization. 
Wo. Ostwald, H. Pohle, and W. E. Glancy and co-workers studied the rate of 
combination of sulphur with rubber in the formation of vulcanite ; A. T. McPherson 
and co-workers, the density and electrical properties of the system sulphur- 
rubber. G. S. Whitby and H. D. Chataway studied the action of sulphur when 
heated with linseed ofl. J. J. Pohl found that linseed oil dissolves the following 
percentage amounts of sulphur : 0*630 per cent, at 25°; 1*852 at 60°; 2*587 at 
95° ; 4*935 at 130° ; and 9*129 at 160° ; while J. Pelouze observed that 100 parts 
of olive oil of sp. gr. 0*885 dissolved the following parts of sulphur: 2*3 at 15° ; 
5*6 at 40° ; 20*6 at 65° ; 25*0 at 100° ; ^30*3 at 110° ; and 43*2 at 130°. D. H. Wester 
and A. Bruins found that at 45°, 100 grms, of anhydrous laxK)Iine dissolve 0*38 grm. 
of sulphur. 

For the action on various hydrocarbons, vide infra, hydrogen sulphide. R. F. Mar- 
chand studied its action on sugar. The action of sulphur on n-ootane, octylene, indene, 
liydrmdene, cyclo-pentadiene, and a-inethylnaphthaleue, was investigated by W. Fried¬ 
mann ; on sulphonea, by J. Bbseken; terpenes, by P. P. BudnikofF and K. A. Schiloff ; 
c^clo-hexyl chloride, by A. Mailhe and M. Murat; hydim*arboris~~diphenylmethane, and 
fluorene—by L. Szperl and T. Wierusz-Kowalsky; organo-magnesium compounds, by 
H. Wuyts and G. Cosyns; amines—toluidtne—by H. H, Hodgson, H, H. Hodgson 
and A. G. Dix, and L. Gafctermann; diphenyl, and anthraqumone, by E. Beckmann and 
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R. HansUan. The catalytic activity of sulphur compounds in the autoxidation of various 
organic compounds—^benzaldehyda, analdehyde, styrene, turpentine, linseed oil—and 
sodium 8iilphite--wa8 studied by G. Moureu and co-workers. H. Freundlich and G. Schikorr 
found that colloidal sulphur hastens the conversion of maleic acid into fumaric acid. 

The action of sulphur on the metals and metalloids is indicated in connection 
with the respective sulphides, etc. ; similarly also with the metal oxides. Accord¬ 
ing to A. E. Wood and co-workers,® the corrosive action on metals of naphtha soln. 
of sulphur, mercaptans, hydrogen sulphide, alkyl sulphates, sulphonic acids, etc., 
increases in presence of water. In some cases, this is due to ionization, but in other 
cases, as with free sulphur, it is due apparently to the formation of anodic and 
cathodic areas. A mercaptan soln. yields with most metals a mercaptide which is 
decomposed on heating, yielding sulphide. The affinity of metals for sulphur was 
discussed by K. Jellinek and J. Zakowsky, C. Frick, and W. Guertler— vide tnfru^ 
hydrogen sulphide. T. W. and W. T. Richards tried to measure gravimetricalJy 
the force of chemical affinity at a distance of about 0 *(K )1 mm. between the sulphur 
and the oxides of silver, copper, iron, zinc, and magnesium. In no case did the 
attractive force amount to 0*1 mgrrn. ; and it was concluded that the force of 
chemical affinity must decrease very rapidly as the distance between the attracting 
atoms increases. W. P. Jorissen and C. Groeneveld studied the reaction between 
sulphur and iron, and sulphur and aluminium. A. Frumkin observed that when 
drops of a soln. of sulphur in a light volatile solvent—like ethyl ether, benzene, 
and light petroleum—are dropped on to a surface of clean mercury, the first drops 
spread out very rapidly and subsequent drops more slowly until finally a stage is 
reached where addition of another drop does not cause further spreading. At this 
stage, the mercury is covered with a unimolecular layer of sulphur, and the area 
of the surface occupied by each sulphur atom is of the order of magnitude of the 
cross-section of a mercury atom. The linking between the mercury and sulphur 
atoms would therefore seem to be of the same type as in a chemical compound of 
these elements. K. Schneider studied the action of sulphur on germanium and 
stannic iodides. 

The action of alkali hydroxides on sulphur has been previously discussed 
—2. 20, 21 . C. Fahlberg and M. W. lies said that when potassium hydroxide 
is fused with sulphur, sulphide and thiosulphate are formed; with an excess 
of the alkali, only sulphite and sulphate are formed. M. J. Fordos and A. G^lis 
said that with boiling alkali-lye and sulphur, more thiosulphate is formed than 
corresponds with the reaction: 3 K 20 +y^S 4 “H 20 = 2 K 2 S„_ 2 +K 2 S 2084 'H 20 ; 

alkaline earth hydroxides give similar results. J. B. Senderens said that the 
equation represents a limiting case applicable only to cone. soln.; with dil. soln., 
the polysulphide is decomposed into thiosulphate and hydrogen sulphide. 
According to H. V. Tartar, the primary reaction of sulphur with potassium 
hydroxide in hot aq. soln. takes place in accordance with the equation: 6 KOH 
-f 88 = 2 X 283 -f*K 2 S 203 + 3 H 20 . When sulphur is used in excess, a secondary 
reaction occurs, in which it combines with the trisulphide to form the pentasul- 
phide. Potassium tetrasulphide is perhaps formed as an intermediate product. 
A yariation in temp, (below 100®) and cone, does not alter the nature of the 
reaction. H. Pomeranz supposed that some hydrosulphite is formed. With 
solid alkali, and sulphur, E. Filhol and J. B. Senderens gave 14*4 Cals, for the 
heat of the reaction; but in dil. soln., no heat is developed. With solids, the 
reaction proceeds by simple trituration; but it is slow in soln., and this the more, 
the less the cone. R. Boyle observed that while neither sulphur nor potassium 
carbonate is soluble in alcohol, yet the spirit of wine in contact with a mixture of 
sulphur and potassium carbonate will in less than an hour, and sometimes in less 
than a quarter of that time, dissolve enough of this matter to be richly colour’d 
by it, and this without the help of external heat.” T. L. Davis and J. W. Hill 
obtaine4 a similar result. J. K. Haywood, 8 . J. M, Anld, and R. W. Thatcher 
studied the reactions which occur when mixtures of calciiiiil bydioxide^ water, 
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and sulphur arc boiled for different periods of time. The soln. contaiixs chiefly 
calcium pentasulphido and thiosulphate together with some sulphite and sulphate. 
L. Guitteau investigated the action of barium hydroxide» sulphur, and boiling 
water. According to J. B. Senderens, the reaction with 8 ul])hur when boiled with 
cuprous and cupric orides, or with silver oxide, can be symbolized : 4Ag20+48 
=» 3 Ag 2 S-t-Ag 2 S 04 ; and < 3 AgoS 04 + 4 :S-- 3 Ag 2 S~f- 4 S 03 . The sulphate persists even 
after long boiling when the oxides of cadmium, mercury, lead, bismuth, or nickel 
is similarly treated ; cobalt oxide is attacked more slowly than nickel oxide, and in 
both cases a thiosulphate is formed which decomposes into the sulphate ; man¬ 
ganese hydroxide, and magnesium oxide form thiosulphates ; and when chromic 
oxide or mercurous oxide is triturated with sulphur, inflammation may occur 
with the formation of sulphur dioxide, sulphate, and sulphide. C. Bruckner 
found that when a mixture of chromic oxide and sulphur is heated in air, the 
oxide is not changed ; chromic anhydride inflames, and forms chromic oxide 
together with a little chromium sulphide— vide infra. L. Bemelmans found that 
molten alkali chlorides react with sulphur, forming, at a high enougli temp., sulphur 
ehlonde and alkali sulphide, and at a lower temp., sulphide and chlorine. W. Selez- 
nef! observed that boiling soln. of the alkali chlorides are not decomposed. 
A. Manuelli found that a soln. of CUpric chloride acidified with hydrochloric acid 
and sulphur heated in a sealed tube at is partly reduced to a cuprous 

salt-“Sulphuric acid is also formed. 0. Rufi and H. Golla prepared aluminium 
tetrasulphotrichloride, AICI J.S4, by extracting the complex salts of aluminium 
trichloride and sulphur chloride with carbon disulphide ; aluminium trisulpho- 
trichloride, AICI 3 .S 3 , by reducing sulphur chloride with an excess of aluminium ; 
and aluminium dikilphotrichloride, AIC 3 .S 0 , as in the case of the tetrasulpho- 
salt. M. Raflo «and A, Pieroni showed that a colloidal soln. of sulphur reacts with 
stannous chloride, forming stannous sulphide, and hydrogen sulphide. When 
dehydrated cupric sulphate is heated with sulphur, C. Bruckner found that it is 
reduced to cuprous sulphide. G. Vortmann and C. Padberg showed that an 
excess of hydrochloric acid is necessary for the oxidation of stannous chloride 
when it is heated with flowers of sulphur. Hydrogen sulphide is formed, and all 
the tin is converted into stannic chloride. The reaction with ouprous chloride is 
ri'presented : CU 2 CI 2 + 8 —(‘uS-f CUCI 2 . W. Wardlaw and F. W. Pinkard obtained 
a black precipitate containing a large proportion of cuprous sulphide by heating 
( iiprous chloride with finely divided sulphur and dil. hydrochloric acid (112 c.c. 
of 33 per cent, acid and 138 c.c. of water) at 95"^ in a current of carbon dioxide. 

F. Rammelslierg, and 0, W. Huntington showed that if silver sulphide and 
cupric chloride act on one another in the presence of air and soln. of sodium chloride, 
cuprous chloride, silver chloride, and sulphur are produced or the cuprous chloride 
is converted into a sulphide. They also noted the secondary reaction : 
CuS-f-CuCl 2 "~Cu 2 Cl 2 +S, which is the reverse of G. Vortmann and C. Padberg’s 
reaction. E. Filhol and J, B. Senderens observed no sensible decomposition when 
a cupric salt —^sulphate, nitrate, or chloride—is heated with sulphur. W. Wardlaw 
and F. W. Pinkard represented the reaction wh’ch occurs when cupric chloride 
and sulphur are heated for 4 hrs, with dil. hydrochloric acid (112 c.c. of 33 per 
cent, and 138 c.c. of water) in a current of carbon dioxide: 6 CUCI 2 +S+ 4 H 2 O 
— 3 Cu 2 Cl 24 - 6 HCl+H 2 S 04 . In general, colloidal sulphur is much more reactive 
than other forms of sulphur. According to A. Gerardin, 100 grms. of stannic 
chloride dissolve at 

lor 110 *^ MT 121 ® 

Sulphur . r»*8 0-2 S U 9 0 17*0 grms. S. 

W. Seleznefi observed that the alkali nitrates are not decomposed when boiled 
with 8 uli>hur; alkali sulphates were also said to resist attack; but J. B. Senderens, 

(ibserved that the alkali sulphates are slowly decomposed. K. Bruckner found that 
the sulphates of lithium, sodium, and potaasium react at a red*heat with the evolu- 
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tioii (*f sulphur and the foiniation of an alkaline re^^idne of .suljdiule, thn*- 

sulphat(^ H]»d polysidphide. Tin* alkaline earth sulphates yn-ld siTuilur prodncts, 
but react less readily. Theie is no n^action Miih beryllium, magnesium, or 
aluminium sulphates at a red In at. The sulphates o! copper, silver, zinc, cadmium, 
mercury, thallium, lead, iron(-ouh and ie), cobalt, and nickel are rouvetrod info 
sulphates with tin* evolutirni of sidphur dit^xidr*. M. Kalfo and A. Pieroni n'pre 
s('iite(l tlie /-(‘action with siha'r sulphate ainl a (;olh)idal soln. of sul[)inir b\ 
j-lH^O f -lS IJljSOiy V^s.S. K. Bruckner found that antimony and 
bismuth sulphates yi(‘ld hlin>h-iri(*y Sidphid(‘s of nudallic ap])oaraTic(\ l)ut m tie 
(*as(‘ of bisinutlp tin* n\(dal is ol>t-din*d when a sniallcT pro]H)rtion of Mil})hur h 
cmjiloyed ; chromic sulphate yields a black suljdiidc insoluble in liot hvdrochloric 
acid; potassium chrome-alum forms with a ]>rnlon^n-d Insatiujir diromic oxide 
and potassium suljihate oidy, but if the h(‘atin^ is lijnit<-d, lln*st‘ an- ac<‘om[>ani(‘d 
by a conijiound of ])otas.>imii and ehromiuru sulpiiidt's which is insoluble in water 
and dt‘(‘OTn])osed by hydrochloiie or nitric acid ; \\ . Wardlaw and N. lb Sylvest* r 
found that the ^re(‘n ^oln. ol a li-rvaleut. molybdenum salt reacts with sulphur, 
forniine hydrogen suJphidi-; ([nadriva](*nt molybdenum salts an- not r(’aclJi\(‘ 
witli su{})hur. According to ( Itruekncr, a mixture of snljihur and uranyl sulphate 
yields a mixture of uranous and iiranosic oxhhis ; and cerium sulphate yichis a 
reddislnhnjwn sn]j)liid{‘ de(*<nnposed by hydrochloric acid, (h N. Lewis and co- 
workt-rs found that sulphates are not reduced when aq. soln. and sulphur an* 
h(*ated to loO -18() . W. Seh-zm-fl found that the salts (.if the heavy m(*1ais ar** 
partly decomposed. L. L(‘wis and cu-W(aker.s found that nitrates are reduced 
to nitric oxich* uhen the a(|. soln. is lieatial to Ibn - IStT with suljihur. K. Filhol 
and J. B. Senderens said that copper salts an- not d(‘rom]>osed . lead suljihaie 
is slowly atta( ked ; insoluble silver salts an- gc-ueially hlai-kem-d, vv'hd«* silv(‘r nitrate 
forms silver suljihide. (}. X. Lewis and eo-workers found that when lop soln. of 
cupric, mercurous, bismuth, and lead salts are in-ated witli suljihur to 
th(‘y arc slowly but ([iiantitativejy reduc(‘d; and mercuric, ferric, and stomiic 
salts also are quantitativ ely r(*dure(l. (J. (h-itm-r. and K. Filhol and J. fh Simderens 
made soim- observaliftiis on this subject, G. \orfniann and (\ Fadberg found 
that the salts of the -ie oxvsalts an* more n-addy attac'k(*d than the ous oxysalts ; 
aq. soln. of zinc, cadmium, manganese, ferrous, and nickel salts, and bismuth 
chloride an* not altered wlien boiled with sulpliur. AV. Wardl.aw and F. H. Clew^s 
found that ferric chloride, in a com*, soln. of hvdroeliloric acid, is reduced to a small 
extent by sulphur. W, S(dezn(*ff show'cd tiiat alkali carbonates furnish poly¬ 
sulphide, thiosulphate, and carbon dioxide ;* wlnm heat(^d in sealed tubes, the 
reaction is reversible z-n/c 2. 20, 21. The alkaline (-arth carbonates slowdy form 
tliiosulpliates ; wiule the metal carlionates react like tin* corr(^sponding oxides. 
J. J. Pohl found that a TrO ])er cent. soln. of sodium carbonate dissolves no sulphur 
at 20'\ and alxuit 0*06775 ])(*r cent, at ICKF. A. Girard observed that SOdium 
P3rrophosphate is slow’ly reduced wdien the aq. soln. is boiled with flowers of sulphur, 
forming hydrogen sulphide, sodium or(hop]ios})liate, and thiosulphate, while 
T, Salzcr represented the reaction: «Na 4 Fo 074 ' 12 fed' 3 H 20 ~-2Na285+Na2S20a 
+6NaaHp207+(/v -6)Na4P207; and NasSs+SHoO-Na^SaOa+flHsS. A little 
thiophosphate is also formed. J. B. Senderens obs(*rved that calcium and barium 
phosphates are slowly (h*(;om])os<*d when boiled wdth water and sulphur ; Silver 
and copper phosphates are cojupletely decomposed to sulphide, etc. ; while lead, 
cobalt, and nickel phosphates are not changed. Arsenates behave in an analogous 
way: so^um arsenates form sulphoarscnates ; silver and copper arsenates are 
completely decom|>osed ; lead and nickel arsenates are not decomposed ; sodium 
arsenite is decomposed into polysulphide and hydrogen sulphide which forms 
arsenic trisulphide and finally sodium snlpharsenite. Sulphur reduces boiling 
potassium clmmate solution; hydrogen sulphide is given off, chromium sesquioxidc 
is^ precipitated, and potassium thiosulphate is f(;rmcd. A soln. of potassium 
diehromate affords, in like manner, chromium chromate with potassium sulphite 
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and sulphate ; argentic and mercuric chromates are also attacked, but the lead salt 
is unaffected. W. Selezneff, J. L. Lassaigne, and 0. Dopping also noticed that the 
chromates are decomposed by boiling water and sulphur ; while A. Maniielli found 
that a . oln. of potmsium dichromate and sulphur, in a sealed tube at 150*^-180®, 
is reduced to chromic oxide—sulphuric acid is also formed. G. N. Lewis and 
co-workers, and J. B. Sendercns showed that borates are decomposed when boiled 
with water and sulphur. J. Hoffmann discussed the blue colour obtained with 
fused borax, or boric oxide. P. Ebell found that sulphur added to molten glass 
gives a yellow or brown-coloured glass. The. black colour produced in glass is not, 
as E. M. Peligot supposed, due to a black allotroj)ic form of sulphur, but, as 
W. Selezneff showed, it is j)roduced by ferrous siilphid(\ According to 
J. B, Senderens, sulphur decomposes boiling soln. of sodium and calcium silicates 
with formation of polysulpliides, of some thiosulphate, and evolution of hydrogen 
sulphide, while sulphur, boiled with po^\de^ed glass, determines a similar reaction 
which is prevented by a previous addition of hydrochloric acid. P. Fenaroli said 
that the colours produced by sulphur in glass can be interpreted in terms of the 
varying dispersity of the element. In the case of sulphur, the coloration is due 
to molecular dispersed sulphur pr‘\sent in the form of polysulphides, and there is 
no evidence of the presence of colloidal sulphur in glasses of this type. 

Tlie physiological action of sulphur.— Sulphur has no action on the skin, but 
some of it may be converted into hydrogen sulphide which acts as a mild vascular 
stimulant and with some persons produces eczema ; some sulphur may be converted 
into sulphurous and sulphuric acid which act as irritants. If taken internally, 
most of it passes out in the faeces unaltered ; but a small proportion is converted in 
the intestine into hydrogen sulphide and other sulphides. These have a mild 
laxative effect, which is sometimes accompanied by a flatus of hydrogen sulphide 
which makes sulphur an undesirable laxative. Excessive amounts of sulphides 
and hydrogen sulphide may produce symptoms of asphyxia, and paralyze the nervous 
and muscular systems. According to T. Frankl,® some sulphur is oxidized to 
sulphurous acid' in the intestine, and if in sufficient amount it may produce 
hypenemia, and an increased peristalsis. When sulphur is taken internally, some 
hydrogen sulphide may be eliminated through the kidneys, the milk, the lungs, and 
skin ; and some is excreted as sulphates in the urine. The breath may smell of it, 
and silver omamente near the skin may be discoloured. According to L. C. Maillard, 
colloidal sulphur, prepared by the interaction of hydrogen sulphide and sulphur 
dioxide, is completely and rapidly absorbed by rabbits when introduced into the 
oesophagus. Within twenty-four hours, somewhat less than half is eliminated with 
the urine as mineral sulphates, and a portion in the form of organic sulphates. The 
normal amount of the latter is increased by 5-13 per cent, after the ingestion of 
sulphur, but the proportion falls below normal when this is withdrawn from the diet. 
About half of the sulphur is excreted in an incompletely oxidized condition, probably 
in organic combination, since no sulphur, hydrogen sulphide, or sulphur dioxide is 
formed on treating the urine with acid. It may be supposed that substances are 
formed by the conjugation of compounds of the type R. 8 O 2 .OH with phenols, and 
that more highly oxidized compounds escape combination in this way. L. Sabbatani 
showed that when the hydrosol is injected subcutaneously, hydrogen sulphide is 
formed only very slowly. Afterinterperitoneal injection itisformed more rapidly, but 
yet not sufficiently quickly for it to be detectable in the expired air. When iniected 
intravenously, it is readily formed, and for this reason the hydrosol of sulphur is 
very toxic. As the sulphur aggregates become larger, the toxicity diminishes. The 
dog can tolerate relatively large doses when the sulphur is introduced into the 
stomach. With the larger doses vomiting occurs, and the animal rapidly recovers. 
The sulphur is more toxic under the same condition in rabbits, as these animals 
cannot vomit. A little more than 0*1 grm. per kilo, of body-weight can produce 
death. This dose can be well tolerated when introduced intraperitoneally or sub¬ 
cutaneously, although larger doses can act tozically. When given intravenously. 
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doses of 0*()0G5-O‘()203 grni. are toxic, the toxicity depending on the rate at which 
the sulphur is intr()duc(‘d. E. Salkowsky studied the effect of cabbage on the 
sulphur rompounfls in the urine of man and animals. S. Beck and H. Benedict 
found the excretion of sulphur is increased by muscular work, and when the work 
has ccHSi d, 1 his is followed by a corresponding decrease. The increase falls specially 
on oxidized sulphur ; the non-oxidized sulphur due to proteid metabolism may be 
lessened. W. J. Sunt h said that the union of sulphur and carbon is so strong in some 
oiganic substances, that the chemical reactions accomplished cannot sever these 
elements—c.y. acetone-ethylmercaptol, thiophene, and ethyl sulphide. In these 
three cases the sulphur is combined as =C.S.C^. The administration of 
carbaniino-thioglycollic acid does augment the urinary sulphates. The same 
subject was studied by E. Petry. W. J. S. Jerome studied the sulphur excretion 
in a dog under various conditions ; and W. Freund, in infants. The removal of 
the liver from birds sho\v«‘d that the liver plays no part in the formation of sulphuric 
acid from the sulphur of food. M. Kahn and F. G. Goodridge have reviewed the 
whole subject in their Snffur Metabolism (Philadelphia, 1926). 

The toxic ac tion of sulphur on the fungus oidium Tuckeri^ which causes the grape 
discas(‘, was attributed by R. Marcille^ to the adherent sulphurous and sulphuric 
acids. H. J. VVatemuin found that sulphur inhibits spore formation in the mould 
asp(‘r(ji/h(^ viffcr. During growth, sulphur accumulates in the cells. According 
to K. C. Williams and H. C. Young, tests made with sulphurous, sulphuric, and 
jientathionic acids - all found in water in which sulphur has been triturated—on 
the spores of tlie Sclcrotnna cinerea show that by far the most toxic are the poly¬ 
thionic acids. Although the acidity of the sulphur filtrates is due mainly to sul¬ 
phuric acid, yet a solu. of this acid of eq. cone, is not toxic. If commercial sulphur 
is freed from its polythionic acids by suitable treatment with ammonia or nitric 
acid, it loses its toxicity, but regains it on exposure to air and water. Artificially 
oxidized sulpliurs arc also very effective provided the oxidizing agent does not 
destroy tlie jxilythionic acids. Since the polythionate ion is not toxic in neutral 
or alkaline soln., the toxicity of lime-sulphur sprays is probably dependent on the 
development of acidity, to liberate the polythionic acid, by weathering of the 
sulphur. 

Over 100,000 tons of sulphur are used per annum in Europe alone for dusting 
vines and hops. Many experiments have been made to find if sulphur has a bene¬ 
ficial influence as a fertilizing agent. E. B. Hart and W. H. Peterson showed that 
considerable quantities of sulphur are removed from the soil by common crops. 
Although the loss is partly coinpensated by the supply of sulphur from the atm., 
the latter is probably counterbalanoed by the losses the land sustains by drainage. 
Soils which had been cropped for fifty to sixty years, and had received little or no 
manure, were found to have lost an average of 40 per cent, of the sulphur trioxide 
originally present, as determined by comparison with virgin soils, but in cases in 
which the farm manure had been regularly and liberally applied, the sulphur 
content of the soil had been maintained or even increased. It is therefore necessary 
to supply sulphur to the soil in order to replace that removed by the crops and 
drainage. E. Boullanger found that flowers of sulphur in soil increased the yield 
from such plants as carrots, haricots, potatoes, etc.; and E. Boullanger and 
M. Du^ardin attributed the favourable influence of small doses of sulphur to its 
activating effect on bacteria which break down nitrogenous matter in soil to 
ammonia, and on the nitrification filaments. 0. M. Shedd found sulphur increased 
the production of some crops; it acted injuriously on some ; but it had no effect 
on others. T. Pfeiffer and B. Blanck found that with oats, the addition of sulphur 
had a slightly depressing effect, and it did not increase the yield or utilization of 
nitrogen. J. A. Voelcker observed no effect with mustard, rajm, and clover. 
W. Pitz obtained a slightly increased yield of red clover without influencing the 
development of the roots or root nodules. A. R. Thompson studied the effect on 
the rice plant. W. Pits observed that 0*05 per cent, of sulphur decreased the number 
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of bacteria on agar-agar plates; there was an increased production of ammonia, 
and a decreased yield of nitrates. J. R. Neller found that legumes shoAV an increas(i 
in their nitrogen constant when grown in soils containing sulphur ; non-legumes do 
not seem to be affected in any way by the sulphur. Sulphur is not so likely to prove 
advantageous on acidic soils, and on those soils which arc improved by marling. 
H. C. Lint observed the acidity of soils increased gradually after the addition of 
sulphur. The sulphur is oxidized more rapidly in heavy clay loam soils than in 
sandy loam soils- virJc supra. C. Brioux and M. Guerbet stated that the oxidation 
of sulphur in soils is entirely due to bacterial action. G. Bosinelli observed an 
insignificant increase in the conversion of organic nitrogen compound in soils into 
ammonia. According to W. Thorner, the oxidation products of the sulphur com¬ 
pounds in ])eat are injurious to plants, and also to mortars and cements, A. Hot- 
inger discussed tlu' role of sulphur and sulphides in biological oxidations and 
reductions. The oxidation of sulphur in soils by sulphur bacteria was studied by 
J. G. Lipman and co-workers svpra for sulphur bacteria. F. Nord investi¬ 
gated the effect of heat and H‘-ion cone, on the biological transportation system 
containing suljihur. 

The uses of sulphur.^ -Sulphur is employed in the preparation of numerous 
sulphur compounds, and preparations sulphuric acid, ultramarine, vermilion, 
and sulphur dioxide for making the bisaJphite of lime — i.e. calcium hydrosulphite— 
used in the wood-pulp industry. It is used in the preparation of gunpowder, 
matches; and in vulcanizing rubber.^ It is employed as a fungicide in com¬ 
bating the so-called grape-disease,etc. ; as a disinfectant—ndc infra, sulphur 
dioxide ; in certain pharmaceutical preparations; and as a parasiticide for the 
Sarcoptes hominis. The so-called sulfozon is powdered sulphur with much adsorbed 
sulphur dioxide.i^ The insulating qualities of sulphur have some applications ; and 
in consequence of its inertness towax many chemical agents, it is employed as a 
cement either alone or in admixture with sand—in setting the brick-hnings of 
acid-towers ; in constructing storage-tanks ; paving-floors ; in the luting of jars, 
etc. For this purpose, the sulphur is melted. If not well stirred, the sulphur may 
become viscous'and take fire if in the open air. It may be fused in jacketed-pans 
heated by steam at, say, 30 lb. press. J. Myers used sulphur for the drying of 
gases. It is also used as a “ fixed point in graduating pyrometers ; and for high 
temp, vapour-baths in the laboratory. Sulphur is used in taking casts of various 
objects. According to (J. Lepierre,i3 if molten sulphur at 115° be poured on printed 
or written paper, on cooling it acquires a sharp impression of the characters, 
W. H. Kobbe described the indurating of wood with sulphur to preserve, 
harden, and strengthen it, and make it more acid-resisting. The impregnation of 
concrete with molten sulphur has also been recommended for electrolytic cells, etc., 
to make it stronger and impervious to acids. 
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§ 8. The Valency and Atomic Weight of Sulphur 


The valency of sulphur is variable. Formerly, when tbe theory of constaufc 
valency was fashionable, it was supposed that sulphur was bivalent, and compounds 
like SO 2 and SO 3 were symbolized by closed chain formuhe, and sulphuric acid, 
H 2 SO 4 , was represented HO.S.O.O.OH. Actually, suli)hur ajipears to be bivalent 
towards hydrogen ; quadrivalent and sexivalent toward.^ oxygfui; and scxivalcnt 
towards fluorine—H. Moissan and P. Lebeau’s 1 SP^o. A. A. Blanchard, and 
A. P. Mathews made some speculations on this subject. The variable valency of 
sulphur is illustrated by ethyl sulphide, and its oxidation products—ethyl sulphoxide, 
and ethyl sulphone—described by A. von Oefelc : 






CA 


O 


Ethyl .sulphide 


Eth>l sulphoxide 


CjHs, O 

O 

Ethyl sulphone 


H. r. Klinger and A, Maassen showed that the same products are obtained when 
ethyl .sulphide i.s treated with methyl iodide, as when methylethyl sulphide is 
treated with ethyl iodide : 


Hence, unless an intramolecular change to a more st^bhi condition takes place 
during the formation of the methyJdiethylsulphonium iodide, the three valencies 
to which the alkyl-groups are attached must be equivalent. The difierent results 
obtained by F. Kruger, and J. A. Blaikie and A. C, Brown, were ascribed by 
H. C. Klinger and A. Maassfm to the presence of impurities. K. Nasini and A. Scala 
supported the view that the products are different because the products furnish 
complex salts with platinum tetrachloride, one forming cubic and the other mono¬ 
clinic crystals. The different ways of preparing methylethylamylsulphonium iodide : 






>S« 


1 


described by A. Brjuchonenko, supported the conclusion of H. C. Klinger and 
A. Maassen. The quadrivalency of sulphur is emphasized by the existence 
of sulphur tetrachloride; by the formation of thionyl chloride, SOCI 2 , from 
sulphur tetrachloride and trioxide, observed by A. Michaelis and 0. Schifferdecker ; 
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and by the t*xist(*n(*c of i-onipounds of the type MS(C 2 ll 3 ) 2 ^'b observed by 
C. W. Hlorastrand, R, i)e supposed that tlie three alkyl groups in the sulphonium 
compounds an* held by tervaleiit sul])hur, an<l that the halogen is attacked by an 
electrostatic bond. W. J. Pope and co*workers concluded from the iiun-activity 
of the thetirie salts, also siudb'd by L. Vanzetti: 

(\n,. (ii,(x)ojr 

iiO ‘ ('H3 

that the four groups directly united to the sulphur atom lie in the same plane; 
i>iit tliis liypothesis was not eordirm(‘d by the later work of W. J. Pope and 
S. J. Peaf‘hey, 1). Stromholm, and S. Smih*s, who were able to prepare optically 
a(‘tiv(‘ compounds containing an asymmetiic. sulphur atom ; thus, 

Hr Cl 


This subj(‘ct was discussed by M. Scholtz, and R. F. Coldstein. The optical activity 
])ersists when thes(‘ com{»oun<Ls an* dissolved in water, and ionization has occurred. 
Hence, added T. M. Tiowry, optical activity occurs in a trisubstituted sulphonium 
ion, although it does m^t exist in the analogous molecule of ammonia : 


K 

R 



2 


H 3 


Jij.irtive 


Active 


He conlinuc'd : no analogous diif(‘rence exists between the electronic formula for 
the two groups since in (‘ach case the central atom carries three pairs of shared 
t*lectrons, with one ‘‘ lone pair to complete the octet. The contrast is, therefore, 
probably dm* to the existence in the nitrogen-compound of a mobility of atomic or 
moh'ciilar struct ur<% similar to that which makes it easy to form a doubI(' or tri})le 
bond betwe(‘n elements of the tirst short period, whereas this is difficult or impossible 
in el(‘m<uits of the later p(‘ri(>ds. 

E. Divers tried to sliow that the sulphites contain only a quadrivalent sulphur 
atom infra : and A. Michel and A. Adair said that the sulphones may be 
similarly regardt'd as compounds with a quadrivalent sulphur atom, e.g. : 


CgH 


^>S 


.0 

() 


According to R. Otto and A. Rossing, the sulphinic acids may be regarded as com¬ 
pounds of (‘ither quadrival(*nt or sexivalent suljdiur : 


O CH3.CJL O 

(’jH, O " O 


K. (!. C'asanoya arf'iUMl ni favour of the scxivaleucy of sulphur. L. Dobbin and 
D. 0. Ma.sson j)r(’])ared eonipounds of the type illustrated by (CH 3 ) 3 SIBr 2 , which 
may bo represented with either a quadrivalent or a sexivalent sulphur atom : 


CHj 

OH 3 

CH, 


S -1< 


Br 

Br 


or 


CH3, ,1 
CH 3 >S Br 
CE/ Br 


but they favoured the latter hypothesis. E. A. Werner prepared a tetrachloro- 
trirnethylsulphonium iodide, (CH 3 ) 3 SClICl 3 , which was not considered to favour the 
assumption of an octovalent sulphur, but rather a sexivalent sulphur atom with 
halogens having a higher valeruiv than unity. The sexivalency of sulphur was also 
discu8S(‘d by T. P, Hilditeh and S. Smiles, W. J. Pope and H, A. D. Neville, 
d. A. N. Friend, etc. K. H. Pickard and J. Kenyon, and R, Hermann prepared 
addilive compounds with the sulphoxides of the type (CeH^lgSO, but not ad^tive 
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compounds with the sulphones of the type (C<,H 6 ) 2 S 02 . They therefore assume 
that the sulpfiones have a ring structure in which the residual valencies are mutually 
satisfied : 




.>vS< 


() 


or 


<> 


and not 






o 

o 


Bor the grouping of the sulphur atoms in the molecule, vide supra^ blue colloidal 
sulphur ; and for the molecular weight of sulphur, vide supra, physical properties 
of sul])hur, J. Piccard and J. H. JDardel, and V. M. Goldschmidt discussed the 
valency of sulphur from the point of view of the co-ordination theory. 

Jn 1808, J. Dalton ^ made an estimate of the atomic weight of sulphur. He 
said: 


I deduce the weight of an atom of sulphur to be nearly 14 times that of hydrogen ; it 
IS possible that it may bo somewhat more or less, but 1 think that the error cannot 
exceed 2. 

J. J. Berzelius early values for the at. wt. of sulphur were equally faulty ; later he 
made observations on the synthesis of lead sulphate and obtained 32*12 for the at. 
wt. of sulphur. He also obtained AgOl: Ag^S^-lOO : 86*4737 for the ratio of silver 
chloride to silver sulphide formed by heating the chloride in hydrogen sulphide, 
while L. F. Svanberg and H. Struve obtained 86*472. O. L. Erdmann and 
R. h. Marchand determined the amount of calcium sulphate which could be obtained 
from calcium carbonate \ and fixed the value for sulphur by reference to calcium 
and to mercury. They thus obtained 32*011 for the at. wt. of sulphur. 
J. B. A. Dumas heated silver in the vapour of sulphur and obtained for the ratio 
Ag : AggS -100 :114*8234 ; and J. S. SUs obtained 100 :114*8522. J. P. Cooke 
reduced silver sulphide in hydrogen at a temp, low enough to hinder the volatiliza¬ 
tion of silver, and he obtained the ratio 100 : 114*888, and 100 : 114-8165. H. Struve 
determined the ratio of silver .o silver sulphate, and found Ag : AgS 04 .-=rr 69 * 230 : 100 ; 
while J, S. btas obtained 69*203 : 100 . T. W. Richards converted sodium carbonate 
into sodium sulphate, and obtained for the ratio NasCOg : Na 2804™-100 : 133*985 ; 
while^T. W. Richards and C. R. Hoover gave 32*062 when the value for sodium is 
22*995. T. W. Richards and G. Jones converted silver sulphate into the chloride 
by heating it in a stream of hydrogen chloride and obtained Ag 2 S 04 ; AgCl 
== 100 : 91*933. P. B. Burt and F. L. Usher calculated 32*067 from the ratio of 
nitrogen to sulphur in the decomposition of nitrogen sulphide (at. wt. N=14*009). 
In agreement with his bias in favour of the “ whole number ” theory of at. wts., 
G. D. Hinrichs gave 32 for the at. wt. of sulphur. J. D. van der Plaats calculated 
32*059 fr 6 pi J. S. SUs^ daoa, and J. Thomsen, 32*074. F. W. darkens summary 
of the data available up to 1910 gave 32*0667. E, Moles, and P. A. Guye said the 
best representative value of the experimental work lies between 32*048 and 32*056. 
The International Table for 1926 gives 32*06. 

Attempts have been made to calculate the at. wt, of sulphur from physical data. 
A. Leduc obtained from the densities of sulphur dioxide and hydrogen sulphide, 
the value S=32*056 ; and from the method of limiting densities, D. Berthelot 
obtained 8=32*050; and R. Wourtzel, 32*059. A. Jaquerod and A. Pintza 
obtained 32*01 for the at. wt. of sulphur calculated from density determinations of 
sulphur dioxide; A. Jaquerod and 0. Scheuer, 32*036; and G. Baume, 31*952. 
P. A. Guye calculated from the critical constants of sulphur dioxide, 32*065 ; 
G. Baume and F. L. Perrot, 32*070 from the vap. density of hydrogen sulphide ; 
and G, M. Maverick, 32*100 from compressibility data. 

The atomic ^ numbof of sulphur is 16. P. W, Aston’s ® positive ray analysis 
indicated that/in addition to the primary atoms of mass 32 there are isotopes 
of mass 33 anfi 34 amounting to above 3 per cent, of the whole; the S 34 atoms 
app^ to be about 3 times as abundant as the ^ atoms. E. Rutlierford and 
J. Chadwick observed no signs of atomic disintegiation when sulphur is bombarded 
by a-particles, but H. Pettersson and G, Kitsch observed that the atom can be 
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disrupted by bombardment with a-rays. The subject was discussed l)V 

G. 1. Podrowsky. N. Bohr represented the electronic structure : (2) (4, 4) (1, 2). 

H. G, Grimm and A. Sommerfeld, D. R, Hartree, (J. D. Niv'en, A. M. Taylor and 
E. K. Rideal, 8. C. Biswas, K. H. Ghosh, W. Kistiakowsky, J. K. 8yrkin, W. Krings, 
T. M. Lowry, M. L. Hufcgiris, C. G. Bedreag, F. Hand, W. Pauli, and V. P fSmytli, 
made observations on the electronic structure of sulphur, and 11. Burgarth, and 
H. Collins have made some speculations on the subject. 
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§ 9* Hydrogen Sulphide 

Tlii^ fa*ti(l-snu4liiig gas was not described by the ancient Greek .vTilers although 
it is freqiH'ntly found issuing from s])rings and craters on the nortluTn shores of the 
Mediterranean Sea. It is related that Rythia, the oracle of Apollo, in the temple 
at Delphi, was thrown into an ecstatie frenzy by inhaliiig some ])criiliar vapour 
aseending from a chasm in the ground of the dSvrou of the temjjle. Tlio priestess 
then spokt'—often wdtli shrieks and ravings- tlie answers of th(‘ invisible god 
Apollo. It has been suggested that th(‘ va]>our which issued into the adytum was 
hydrogen sulphide gas : but IhK is a fanciful liypothesis beeaiise, although the gas 
does excite th(‘ .senses, there is no real evidence to enable the chemist to identify 
the atjnosplie^re iii the adytum ^^ith the malodorous hydrogen sulphide.^ 

In th(' VoUertioii des aneiexs qrecs, by M. Berthclot and C. E. Ruelle 

(i'aris, 1887), if is stated that No. X of the Leyden papyri contains a description of 
(litlerent forms of vbcop 0€lov, the ivalcr of sulphur, or, by a play on the double mean¬ 
ing of the word OeLoi\ the divine water. The mode of preparation indicates that the 
lujuid was a polysulphide of calcium which (‘ould give black, yellow, or red pre- 
eij)itates, and colour the surface of metals. There is here no indication of the power 
subsequently attributed to the divine water of transmuting metals into gold. In 
the a])oervphal Physicn ct inystica, ascribed to Democritus of x\bdera, however, the 
divine water iws ein})]oyed to obtain gold, for it says that when androdamus (arsenic 
sulphide) is mingled with brine and antimony ; calcined until it becomes y(41ow', 
and boiled in the water of sulphur, it wdll produce, when thrown upon silver, 
Xpvcro^cLpcov— i.e, juico of or tincture of gold. M. Berthelot ami V. E. Ruelle 
noted that thi.s simply means that silver wdll be superficially tinted like gold. The 
third'Ceiitarv writer, Zosimiis of Panopolis, the first alchemist of known date*— 
1. 1, 11—called vater of sulphur the great mystery.’' He said that this water, 
iik(‘ a leaven, changes to its resemblance substances 'with which it is treated. The 
leaven was su])posed to contain the distinctive qualities of gold, and to cau.se the 
molten metal on whudi it was thrown to ferment, changing it thereby into its own 
nature. This seems to be the fir.st expressed definition of the philosojiher's stone, 
tind the tiieory w'as accepted by the alchemists of the Middle Ages as the action 
which takes jilace in the process of transmutation.^ Zo.simus frequently allucled to 
the uujileasant smell of the divine wnter, but not until the sixteenth century has 
any further mention of this smell been found to occur in the literature of alchemy. 

In 1595, A. Libavius ^ alluded to the blackening of ceruse by the fumes 
of suljdmr ; in 1661, R. Boyle, to the blackening of silver by the fumes from liver 
of sulphur , in 1675, N. Lemery, to the blackening of silver by the vapours of sulphur 
emitted during the preparation of milk of sulphur; and in 1722, F. HolTmann 
nderred to the smell, like rotten eggs, which is emitted during preparation of the 
lac sulphuris. F. M(‘yer, in 1764, described the combustibility of the aeriform 
fluid emitt(*d when hepar sulphuris is treated with acids; and H. M. Rouelle, in 
] 774, observed that the aq. soln. has the same odour as the gas, and deposits sulphur 
w'hen it is ke pt some time. He also showed that the gases from the liver of sulphur, 
and from sulphuretted mineral waters, are the same. C. W. Scheele, in 1777, 
reported that the gas can be obtained by the action of acids on liver of sulphur 
])repared with alkali or lime, or on manganese or iron sulphide ; and by heating 
*sul})hur in hydrogen. He found that the gas gives sulphur when treated with 
Tufric acid or with chlorine, and inferred tliat it contained sulphur, jihlogiston, and 
caloric. F. Meyer had previously stated that the contained sulphur makes 
the gas inflammable. A. Baume also supposed that the gas contains sulphur and 
phlogiston. Immediately after C. W. Scheele, T. Bergman proved that the 
sulphurous properties of many mineral waters depend on the presence of this gas ; 
and he mentioned that the gas reddens litmus paper, and showed that it reacts with 
soln, of mnnerouB salts of the metals. The gas was now investigated by many 
elKUiHsts, P. Gengembre, J. Senebier, etc. L. Viellard found indications of this 
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gas in putrid blood. R. Kir wan called the gas hejxUic air, and stated that it occurs 
in coal-pits, and that it is the peculiar product of the putrefaction of many animal 
substances ; and ‘‘ rotten eggs and corrupt water are known to emit the smell 
peculiar to this species of air, and to discolour metallic substances in the same 
manner.” R. Kirwan examined the action of the gas on soln. of the salts of the 
metals, and emphasized tlie acidic nature of the gas. He thought that the gas 
contained no hydrogen, and said that it is difficult to conclude that hepatic air 
consists of anything else than sulphur itself, kept in an aerial state by the matter 
of heat.” C. W. Scheele called the gas die siinkende Schwefelluft ; it was also called 
Schwefelleherluft / A. N. Scherer, and L. W. Gilbert gave it the name Schwefel- 
wassergas; and J. B. Trommsdorff, Hydrothionsaure. A. F. de Fourcroy, and 
C. F. S. Hahnemann employed the gas in the detection of lead in wines. The gas 
was analyzed by A. B. BerthoUet in 1796, and shown to be hydrogbne sulfure— 
hydrogen sulphide or sulphuretted hydrogen. 

The occurrence of hydrogen sulpi^e.—Hydrogen sulphide is found in the air 
of sewers and cesspools ; it occurs in the emanations from moist earth or moist 
slag containing pyrities or metal sulphides. It is formed whenever albuminous 
matter putrefies— e.g. eggs, the corpses of man or animals. It is found in the air of 
towns, and it then causes the blackening of silver ornaments not kept bright by 
repeated use —vide atmospheric air, 8 . 49, 1. The gas is given off along with 
other gases from numerous springs. The offensive smell of mineral waters of 
Harrogate is usually due to the presence of dissolved hydrogen sulphide. As 
E. Goldschmidt has said, many of the so-called sulphur springs are known—as, for 
instance, at Niagara Falls, the Yellowstone National Park, Wyoming, the Stink- 
water River, and the Red Sulphur Springs of Sharon—where hydrogen sulphide is 
said to be exhaled to the disgust of those w^ho live in the neighbourhood. Accord¬ 
ing to J. F. Daniell, and B, Lewy, sea-water contains some hydrogen sulphide ; 
R. C. Miller and co-workers found it in the water of San Francisco Bay ; B. Lewy 
said that 300 parts of the sea-water off Caen contained one part of the gas. 
A. Archangelsky discussed the formation of hydrogen sulphide in the mud of the 
Black Sea. E. V. Smith and T. G. Thompson observed that on the Lake Washing¬ 
ton Ship Canal, hydrogen sulphide is produced by bacteria acting on the sulphates 
contained in the stagnant or sluggish brackish waters ; and the elimination of most 
of the oxygen from the water precedes the appearance of hydrogen sulphide. 
M. Yegunofi said that diffusion experiments with the waters of the Black Sea 
discredit the view that hydrogen sulphide is formed at the sea-bottom and diffuse® 
upwards. It is probably formed throughout the whole thickness of the water, and 
accumulates at the bottom where it cannot be oxidized. This subject has been 
discussed previously in connection with the occurrence of sulphur. E. S. Bastin and 
eo-workers discussed the sulphate reducing bacteria of the oil-wells of Illinois, and 
California, The following sulphur springs, amongst others, have been reported : 

J. von Liebig described the sulphur springs at Aachen ; K. Willm, Aixdes-Bains (Savoy); 

E. Ludwig and T. Panzer, Altenburg; A. P. Poggiale, Am<^Ue-le&-Bains; C. Schmidt, 
.Vrasau (near Kopal) ; L. Waagen, Baden ; W, von Filhol, C. Moureau and A. Lepape, and 

F. Garrigou, Bagniferes de Luchon (Pyrenees); P. F. G. Boullay and O. Henry, Bareges 
and Barzun (Pjnreneea); E, Willm at Olette, Pyr6n^es Onentales; C. Schmidt, Belucha 
near Altai (Siberia); J. L. Smith, at BoU Bnina (Asia Muior); K. Wildenstein, Burt- 
scheider Quelle ; A. and O. Negri, C’asteggio (Cremona); L. Burgerstein, Cantets (Alten¬ 
burg) ; L. Marton, Eaux*Bonnos (Pyrenees); A. Schoof, and C. R. Fresenius, Eilstm ; 
A. Bechamp, Fumades (d’Alais) ; L. R. von FoUenberg Grosswardein, Gumigel-Bad (Bern) ; 
T. E. Thorpe, K. H. Davis, W. A. Hofmann, S. Muspratt, T. Fairley, P. A. E. Ricliards, 
C, H. Bothamley, A. K. Wilson and H. Ingle, and C. I.-. Kennedy and M. N. Johnstone, 
Harrogate; R. von Drasche, Japan ; B. von Lengj^el, Hechmgen (Kolop); G. Maasol, and 
P. Besson, Is^re-les Bains; H. von Meyer, Landeck ; R. Bunsen, and F. Wandesloben, 
Langenbnicken (Baden ); E. Sarasin, C. E, Guye and J. Micheli, Lavey (Switzerland); 
J. C. Wittatein, L© Prese (Craubunden); S, Brigel, and P. Bailey and S. Brigol, Lobtrof (Solo- 
thum); M. Gossart, Muerchin (Pas-de-Calais); C. Schmidt, Monbarry; O. Henry, Montbrun 
(Dept, de Ddme); L. de Marehi, Montegrotto (Euganei); E. Witting. Nenndori (Lipp- 
apringe); C. K. Fresenius, Neudorf ; L. A. Buchner, Oberdorf (AlgMu); E. Willm, Olette 
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(IVrpiiei’s); J'. >Var»(1e«jIoben, Orstring<*n (Baden); A. Cashelnuinn, Porchow near Chilowo ; 
1". von Bibia, l‘ystian (Bothenburg): G. Jiizio, Reuthiigen (San Danielo, Venedig); 
C. von Hauei» San Steiano ; L. Dienlafait, P. Bollev and W. St hweitzer, and A. Hartmann, 
Schin?nach (Aargaii) ; F. Henri<‘h and (b Projl, Luisenburg \ Fi<^ditelgcbirgo) ; E. Muller, 
SebastriuTiweilor {Soebnu-b) ; K. Kggor, Seon (Ol>erbayorn ) ; C. Schmidt, Smorgon 
(Jiussia) ; A. Tliccgarten, Sopliia ; A. V’^iertlialer, Spalato ; T, Siinmler, Stackelberg 
((danis); K. Nuteiiu ami ('. PorlczZa, and I), Vdtali, Tabiano-Saizomaggiore; E. E. Lang, and 
r. C. S« lineider, Tn nt'^chin (Tbplitz); A. Alln^rtoni, F. Lussana and ]\1. Kota, Trescore ; 
C 0( )i>enins, F^tah ; A. Aurcstini, Val de Gallo ; A. B. Poggiiile, Viterbo ; (\ von Hatier, 
W.uasiiin ('^I’oplit/) ; and (I. F. W alz, Wi<'slo< h (Baden). 

The oiigiii (d' sulfduir springs lias been discussed by A. Gautier,^ G. Biscliof, 
E. PLincluid, F. Auerbacli, O. IJaekl, etc. J. Thomann observed that the pre8enc(‘ 
of liydrogeii Md])lii(h‘ in botih^d iniiienil waters must be attributed to the presence 
of inicrO'organi.'^tiis. In tlie water of Passug, there is an anaerobic spirillum which 
rednc(‘s salphat(‘s. According to K. i^iria, the Jiydrogon sulphide from the fuina- 
roles of Agnano (Na])l(\s) can he ignited by a pitTe of lighted tinder. Hydrogen 
sulphide is a eonstituent of most of the so-called volcanic gases. This was shown by 
the analyses of R. W. Bunsen made on the fumaroles, etc., in the neighbourhood of 
Hekla, Ireland, by C. J. St. C. l)(‘ville and F. Leblanc on the volcanic gases of 
Ve^nxius, Vuleano, Etna, and various springs in Sicily; by H. Gorceix, on the 
gases from Vt'suvius, Santorin, and Nisyros ; A. Brun, on the exhalations from 
Vesuvius, Stroniboli, the ^’oIeanoes of Java, and the Canary Islands, and Kilauea ; 
C. A. Kt(uuis, tlie exhalations from the Santorin volcano ; R. Nasini and co-workers, 
on th(' gases from ^'esuvius, the Flegrei Plains and the Albule Waters of Tivoli, and 
the Springs of Viterhe^ Pergine, and Salsomaggiore ; by F. Fouqu6, bn the volcanic 
gases from fumaroles associated with Vuleano, the volcanic eruptions of Santorin, 
and a submarine eruption near the Azores ; by 0. Silvestri, S. von Waltershausen 
and A. von Lasaulx, 1. G. Ponte, cm the exhalations from Etna ; by C. F. X. Rochet 
d'ilericourt, on the solfatara of Dufane, Abyssinia : A. von Humboldt, on the 

soJfalara of Urumtsi, (.’hinese Tartarv; by T. Wolf, on the exhalations from (’oto- 
paxi ; by H. Mois.saii, and A. Lacroix, on th(‘ emanations from the fumaroles, etc., 
of Mont P(‘le(% Martini<[U(^; by C. Velaiii, on the exhalations from St. Paul 
Island ; A. L. Day and E. S. Shepherd, W. Libbey, E. T. Allen, on the gas(‘s from 
Kilauea ; E. T. Allen and E. G. Zies, on tlie gases from Mount Katmai, Alaska, and 
the fumaroles of the Valley of Ten Thousand Smokes. General observations on 
the subject were made by E. T. Allen. W. Hemp(‘], A. Brun, E. de Beaumont, and 
T. Thorkelsson. F. C. Phillips showed that the natural gas escaping from the well 
at Point Albino, Canada, contains hydrogen sul[)hide; C. C. Howard, in the 
natural gas of Indiana and Ohio ; and W. H. Cadman, in the natural gas of 
Persia. P. PfeillVr ^ found hydrogen sulphide in the gases associated with the 
Stassfurt salt deposits; A. Gautier, in the occluded gases of granites. 
R. T. Chamberlain discussed the subject of occluded gases in rocks. Hydrogen 
sulphide occurs in the so-called stinking limestones discussed by W. Spring, 
Y. V. Samoiloff and V. A. Zilbermintz, W. Nenadkevitsch, W. Vernadsky, and 
B. J. Harrington. The liberation of hydrogen sulphide from gob-fires in coal was 
iliscussed by T. J. Drakeley. The occurrem^c of hydrogen sulphide in the stomach 
was examined by 1. Boas, and H. Strauss ; in urine, by F. Muller; in boiled milk, 
by F. Utz ; an^l in sewage, by A. B. Porter and J. A. Cresswick. 

The formation and preparation of hydrogen iBulphide. —R. Kirwan ? founded 
an argument that hydrogen sulphide does not contain hydrogen because “ hepatic 
air could not be procurerl from the direct union of inflammable air and sulphur. 
Tliis is all wrong, for C, W. Scheele, and H. Davy showed that when sulphur is 
heated to a temp, near its b.p. in hydrogen, or when hydrogen is passed over melted 
sulphur, combination between the two elements occurs slowly and incompletely, 
.so that even aftcT a long period of time, a large proportion of hydrogen remains, 
iincombined ; the vol. of the hydrogen is not changed by union with the sulphur. 
A. Cossa observed that sulphur vapour burns in hydrogen gas. B. Corenwinder 
passed a mixture of sulphur vapour and hydrogen over pumico-stonc at 400^. 
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1). P. KonowalotJ, F. Junes, A. Cossa, K. F. Bacon, and V. ALtz and \V. Wfdth 
obtained confirmatory results ; and M. (4. Welder ohtairn^d 10 por c.cnt. })ettor yl<‘lds 
by using pumice-stone as contact catalyst; at 325 the jiiivcd ga-; (N)r]taiii(‘d Or I pen* 
C(\nt. of HoS ; at 400'', 58*0 per cent.; and at 475 , OS-O per cent. I. Taylor obtained 
impure? hydrogen sulphide by passing coal-gas over boding sidjdmr. The Iivdiogen, 
not the hydrocarbons, of the coal-gas here reacts witli tin* snifdmr. J\ tlantcfenille 
heated hydrogen and sulphur in a sealed tube at HO . On the other hand, 
J. Alyers said that hydrogen sulphide is rapidly decornj)ONed ,it> the [> p, of 
sulphur. 

R. Januario said that the direct union of the* two elements f)egitcs at 120^’, and is 
quite perceptible at 200^. The? reconciliation of these 8tatem(*ijts turns on the fact, 
demonstrated by II. Ptdabon, that the reaction is rovcrsiJrle, for the* combination is 
not complete between 200"^ and 350'’. M. Cluzel showed that hydrogen sulphide i*- 
decomposed into its elements when it is passed through a red-liot tube ; J. A^ycr^ 
said that the r(*action begins at 400'’, and H. fVdabon, that it is (][uiU‘ percc'ptihh* 
at 440^. IvT. Beketoff observed that at a red-heat about 7 per cent, of the gas is 
decomposed ; and C. Langc'r and V. Meyer said that dc'coraposition is coiii])let(* at 
about 1690°. H. P(51abon found that if p denotes the partial press, of the hydrogen 
sulphide and P the total press, of 1 he gas, the ratio pjP is 0*0210 at 20f)° ; 0*0541 at 
235° ; 0*13 at 255° ; 0*3355 at 280°-^285° ; 0*69 at 310° ; and 0*972 at 350°. In the 
case of the gas at 280°-285°, the ratio aftc‘r 38 lirs.* heating was 0*008 ; aftc'r 162 hrs.\ 
0*3356 ; and after 3(X) hrs.’, 0*3354. At this temp., therefore*, hyclrogeii 8ul])hidc 
will be formed in the system containing hydrogen, hydrogen sulphide, and sulphur 
vapour, in contact with liquid sulphur, so long as the ratio is included between 0 and 
0*3355 ; but the reverse change with hydrogen sulpldde does not occur, the ratio 
remains nearly unity when the temp, is maintained at 280°. Hence, the mixture of 
hydrogen, hydrogen sulphide, and sulphur vapour, in contact with liquid suIjJiur, 
should have a ratio approaching unity if the system is to remain in a true state of 
equilibrium at this temp. ; the fact that the ratio does not (*xceed 0*3355 is tak(*n by 
P. Du hem to mean that the equilibrium is only apparent or in a state of what he 
calls le faux rguilibre. H. Pelabon showed that when sulphur and hydrogen are 
heated in S(‘aled tubes, and afterwards cooled, the final composition of the gaseous 
mixturt? depends on the mass of sulphur employed, and the proportion of hydrogen 
sulphide is higher the higher the proportion of sulphur. The composition of the 
gaseous mixture in the cooled tube corresponds tlie more nearly with that of the 
gaseous mixtun*. When the proportion of the sulphur is low, but yet in excess, 
combination takes place more quickly the higher the temp., and the maximum 
quantity of hydrogen sulphide that can be formed increases very regularly with the 
temp. With larger masses of sulphur, the quantity of hydrogen sulphide dissolved 
by the fused sulphur increases with the temp. When the hydrogtm is mixed witli 
nitrogen, the maximum quantity of hydrogen sulphide formed is less than with 
pure hydrogen for the same time of heating, but, other conditions being the same, 
the difference is smaller the higher the temp. M. Bodenstein could not confirm the 
experimental results on which P, Duhem's theory of false equilibrium is based. He 
found the reaction to be quite normal between 234° and 356°, and the velocity 
constant, k, 

2S4* 28S® 310® 356® 

k . . 0*0000018 0*0000329 0*000118 0*0028 

The reaction is of the first order, and is therefore represented by H 24 -S—H 2 S. 
When the cone, of the sulphur is varied, the velocity is proportional to the sq. root 
of the cone,, a surprising result in view of the complexity of sulphur mols. It may, 
however, be explained by the assumption that three actions occur—(i) 'S 8 ;?^ 4 S 2 , 
(ii) 82 ^ 28 , (iii) H 2 +S—H 2 S, and that of these the velocity of (i) is very small, and 
of (ii) very great compared with (iii). The velocity of (iii) will then be proportional to 
the sq. root of the concentration of the 82 xnols., and this, owing to the rapid removal 
of the latter, proportional to the cone, of the Sg mol. There is nothing improbable 
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in P. Dubem’s les etats de faux equUibre, but H. Pelabon’s results with hydrogen 
sulphide could not be confirmed by R. 6 . W. Norrish and E. K. Rideal, for they 
observed no sign of such a state in their observations on the speed of the reaction 
between sulphur in a current of hydrogen. They assumed that the bulbs in 
n. P^labon’s experiment were not heated long enough for equilibrium. 

R, 6 . W. Norrish and E. K. Rideal found that combination between hydrogen 
and sulphur occurs by way of two reactions, a gaseous reaction proportional to the 
press, of the hydrogen, and a surface reaction independent of the press, of the 
hydrogen. The temp coefi. is 1*48 for the surface, and 2-19 for the gaseous 
reaction. The surface reaction is directly proportional to the internal surface of 
the vessel and is independent of the quantity of sulphur in the bulb. The heats 
of activation of the gaseous and surface reactions are 52,400 and 26,200 cals., 
respectively, the former being exactly double the latter. It is suggested in explana¬ 
tion of this that the sulphur molecules can become activated in two stages. The 
critical increment/— i.e. the energy necessary for the rupture of the sulphur bonds— 
is 51,460 cals, at 300® for the gaseous, and 25,750 cals, at 300® for the surface 
reaction. The critical increment of the surface reaction is taken to correspond 
with the breaking of one sulphur bond, and to be equal to that energy required to 
sublime a molecule of S 2 from the surface, which also involves the breaking of one 
bond. The surface reaction is considered to take place in two stages—(1) adsorption 
of the molecule, involving breaking of one bond, and ( 2 ) removal of the molecule of 
hydrogen sulphide, involving breaking of the second bond, the critical increment 
measured corresponding only to the slower of these two processes. By assuming a 
small percentage of the stable and saturated Sg mols. of which the surface is mainly 
composed to be opened by the rupture of one bnkage and thus polarized, the 
adsorption of hydrogen and oxygen and the catalytic action of the latter can be 
explained. The presence of oxygen acts as a ca^lytic agent, and as the temp, 
rises to 265®, that gas retards or poisoxLs the reaction when more than 10 per cent, 
is present, and at 285® when more than 7 per cent, is present. The phenomenon is 
complex. There is (i) a strong poisoning effect in the gaseous reaction between 
hydrogen and sulphur at all temp., and (ii) a catalytic effect on the surface reaction 
which becomes observable only at low temp. (265® and 285®), where the surface 
reaction is of greater relative importance. This surface catalytic action rises to a 
maximum with increase of oxygen cone, in the hydrogen and then falls off, finally 
becoming a poisoning action for cone, of oxygen beyond 10 per cent. At the same 
time, sulphur dioxide is formed at a rate directly proportional to the cone, of the 
oxygen. The effects observed can be quantitatively explained by postulating a 
gradual preferential adsorption of oxygen by the sulphur surface, all the hydrogen 
being displaced when the gaseous cone, of oxygen has exceeded 10 per cent., and 
ascribing to the oxygen a catal 3 rtic activity proportional to the number of mols. 
adsorbed per sq. cm. of surface. H. A. Taylor and C. F. Pickett studied the 
decomposition of hydrogen sulphide by heated platinum filaments near 1000 ®, 
and found that the decomposition curves have two branches showing an increased 
decomposition as the rate of flow is increased, separated by a region where the 
amount of decomposition is constant and independent of the rate of flow. This 
branch decreases as the temp, rises, becoming a point of inflexion at 1269®. There 
is supposed to be (i) a primary absorption of gas with the sulphur atoms oriented 
with respect to the platinum; (ii) a splitting of the adsorbed molecule with the 
escape of hydrogen, and subsequent evaporation of the sulphur. 

G. Preuner and W. Schupp studied the reaction with hydrogen and sulphur 
vapour at a temp, where the molecules of sulphur are diatomic. The following 
represent the equilibrium constants for pressures, Kp, and for volumes, where 
K^^KpIRT, and [H 2 S]=Jf[H 2 l 82 ]I: 

760 * 880 ® 048 “ 1066 * 1132 * 

Kpx 10* , 0-89 Z B 24-5 118 260 

/t,rXl0» . lOe 4'2 24*5 107-5 226 
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M. Randall and F. K. von Bicliowsky work(‘(l ui temp, betwee n'70U ’ and 1394 ; 
the collected results are: 

750’ 830'’ 945' 1005* inVJ' 1200 1 104’ 1304” 

Lug/Cy, . 2-025 1-710 1 305 0 904 0-703 O-fUS 0-490 0-257 

Observations were also made by G. Preuner, and J. Urockrridller. K. F. Bacon 
noted that the combination is favoured by pressure. F. Poilitzer gav^c for the 
reaction [H 2 J where the bruckfjted symbols refer to 

partial press.; he found that log—5(K)0/4-5711'--1-1. S. Oushman studied 
this reaction. D. Alexejeff gave for the percentage degree of dissociation, d: -5*5 
at 102;r K. ; 8-7 at 1103" K. ; 15-f3 at 1218^ K. ; 24-7 at 1338" K. ; and 30-7 
at 1405" K. ; and lx^{l --'x)~'^~ -Kp. A. (ieitz studied the reaction in the high- 
tensioxi arc ilame. According to J. Milbauer, the rate of formation of hydrogen 
sulphide from hydrogen and molten sulphur is not affected by the presence of a 
sulphide of silver, gold, mercury, thallium, arsenic, molybdenum, or by metallic 
mercury or palladium, but was increased by platinum black, or red phosphorus. 
The acceleration in the latter case is possibly due to the occurrence of the following 
reactions : P 2 S 5 d- 8 H 2 ~ 2 PH 3 -f 5HoS, and 2 PH 3 |- 4 S 2 - P 285 -h 3 H 2 H. The rate of 
formation of hydrogen sulphide by the action of hydrogen on sulphur alone increases 
continuously with rise of temp., but in presence of red phosphorus the maximum 
rate is attained at 218", after which it diminishes up to 278". The rate of formation 
in the case of sulphur and hydrogen alone is greater when the sulphur has been 
heated almost to boiling and then cooled to 278", which indicates that the trans¬ 
formation 83^482 takes ])Iace more slowly than 80 ^^ 28 . T. J. Drakcley observed 
that hydrogen sulphide is formed when hydrogen is passed over heated pyrites. 
II. Buff and A. W. Hofmann observed that an electrically heated spiral of platinum 
or iron wire decomposes hydrogen sulphide, forming in the latter case ferrous 
sulphide. On the one hand, G. Chevrier observed that sulphur vajxour and hydrogen 
unite under the stimulus of el(‘ctric sparks ; A. Boillot obtained hydrogen sulphide 
by passing sparks between platinum wires covered with sulphur in hydrogen ; 
while W. R. Grove made analogous observations. On the other hand, H. Davy, 
B. Lepsius, and H. Buff and A. W. Hofmann obstTved that hydrogen sulphid^^ is 
decomposed by the passage of electric sparks through the gas. M. Bertludoi also 
represented the reaction with the silent discharge : BIL^S ~ 7 H 2 +H 2 S„-t (8 

R. Schwarz and P. W. Schenk observed an activatjon of sulphur va})our under 
the influence of the silent discharge ; and R. Schwarz and W. Kunzer observed 
that with the silent discharge ( 8 (XK) volts), the percentage proportion of hy^lrogen 
sulphide decomposed was 

20* 270 ’ 390" 430* 

Decomposition . . 27 17 2'30 1 14 2-30 per cent. 

showing that the amount decomposed decreases with rise of temp., but as the temp, 
approaches the b.p. of sulphur, there is a back reaction. The re-formation of 
hydrogen sulphide is attributed to the activation of sulphur vapour by the dis¬ 
charge. C. Montemartini observed the synthesis of hydrogen sulphide from its 
elements in the corona discharge. 

Hydrogen sulphide is produced when nascent hydrogen acts on sulphur. Thus, 
E. Becquercl obtained it at the cathode during the electrolysis of water with the 
electrodes in contact with sulphur—sulphuric acid was formed at the anode. 
P. Fischer obtained the gas by the electrolysis of soln. of sulphides. A. Gossa also 
obtained it by the electrolysis of water with finely-divided sulphur in suspension ; 

S. Cloez, by the action of hydrochloric acid on zinc, aluminium, or iron when sulphur 
is suspended in the acid—^the best yield was obtained with aluminium ; the worst, 
with zinc ; and E. Trautman used in a similar manner tin or stannous chloride and 
hydrochloric acid, or zinc and acetic acid as the source of hydrogen, and he found 
the yield was greater in the presence of a solvent for sulphur— e>g, acetic acid or 
alcohol. The }deld with acetic acid was better than with alcohol. A. Bach found 
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that rocently-melted ])latinuni contains adsorbed sulphur compound.^ and evolves 
hydrogen sulphide wlien heated in hvdrog<*u ; according to cxperiniental con- 
ilitioris, this power is more or less rapidly lost. I’assago of the evolved hydrogen 
uv(T ]>owdered sulphur does not increase the amount of hydrogen .sul])hide pro¬ 
duced from the fresh metal, and does not cause formation of liydrugen siilpliidti 
after the metal has become “aged.'’ Treatment of the “aged" metal \\ith 
ordinary laboratory air restores its ability to give hydrogen sulphide when h(‘at<‘d 
in hydrogem ; under similar conditions, no trace of hydrogen sulpliide is produced 
after treatment 'with carefully ]>urified air. The ])henomenon of “ resting ” depends, 
therefore, on the adsorption of sulphur compounds from the air. Palladium-sponge 
))ehaves similarly to platinum. 

Sulphur vapour lias an absorption band in the ultra-violet at 1750 A., and 
R. (i, W. Norrish found that ultra-violet radiation of wave-lengths of about 2700 A. 
IS photochemically active in initiating a gaseous reaction between hydrogen and 
sulphur vapour, proportional to the press, of the sulphur vapour. In the gaseous 
state, reactions between hydrogen and sulphur can take place only betw*ecii sulphur 
atoms, which are produced both by collisions and by jihotochemical dissociation. 
In addition, a reaction at the surface takes place between hydrogi'ii and activated 
Sg-molecules, and is not affected by ultra-violet radiation, the activation being 
entirely caused by collisions. In all cases, wdiether the activation takes place in 
the gaseous state or at the surface, by jadiation or by collision, the energy of activa¬ 
tion is constant, indicating that, in activation by collisions, the Newtonian laws of 
inelastic impact do not apply, but that the process obeys the laws of quantum 
dynamics, the same amount of energy being extracted from the colliding molecules, 
whatever the force of their impact, providing this exceeds a certain magnitude. 
In these reactions, activation of the sulphur moleculi*, whetluT 8^ or S^, is 
synonymous with the disruption of one valency “ bond.” 

The formation of hydrogen sulphide by the action of water or steam on sulphur 
has already been discussed in connection with elemental sulphur. A. Burghardt 
obtained hydrogen sulphide by heating water with iron pyrites in a sealed tube. 
P. Haiitefeuille obtained hydrogen sulphide by the action of sulphur on gaseous or a 
cone. aq. soln. of hydrogen iodide. The reaction is reversible in the cold, for the 
hydrogen sulphide also reacts with the soln. of iodine in hydriodic acid, forming 
sulphur. F. Pollitzer found for th(‘ equilibrium constant K of the reaction H 2 B 
+2Loi}(j^2Hl-f'8soh(i[HIF" ^'^fHoSj. where the bracketed symbols refer to partial 
press.; K x 103-:::l-90 at 40*1° : 4-50 at 20-r; 9*96 at 60*2^; and 47-0 at 80*7". The 
heat of the reaction is 17*2 Cals. F. Pollitzer also examined the equilibrium con¬ 
ditions of the reaction in aq. soln. 

M. J. Fordos and A. GcUs ^ obtained hydrogen sulphide by boiling sulphur with 
an aq. soln. of an alkali sulphide ; and A. Girard, by boiling a soln. of sodium 
sulphide, or a soln. of sodium pyrophosphate and sulphur. D. Urquhart obtained 
hydrogen sulphide by the action of superheated st^m on barium or strontium 
sulphide. J, Bohm said that the lower sulphides of the alkalies and alkaline earths 
give hydrogen sulphide when boiled with water; while pyrites, galena, and zinc- 
blende require a temp, of 150®-200'^. F. Meissner observed that this gas is formed 
in roasting metal sulphides in the presence of superheated steam. Water decom¬ 
poses sulphide of phosphorus or boron (q.v,) with the evolution of hydrogen sulphide. 
P. de Clermont and J. Frommel observed that some hydrogen sulphide is formed 
when arsenic trisulphide is boiled with water, but with arsenic disulphide, only a 
little hydrogen sulphide appears at the beginning —vide arsenic trisulphide ; and 
for the preparation of hyirogen sulphide by the action of cone, hydrochloric acid 
on antimony trisulphide, tnie antimony trisulphide. Under ordinary laboratory 
conditions, hydrogen sulphide is prepared by the action of acids on the metal 
sulphides. C. W. Scheele is&commended ferrous sulphide and sulphuric acid, and 
this method is in common use to-day. Hundreds of different forms of apparatus— 
typified by the familiar Kipp—^have been devised in which the acid acts on the 
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sulphide contained in a vessel, so arranged that when the exit tube of the apparatus 
is closed by a stopcock, the pressure of the gas drives the acid from the sul])hide, 
and gas is no longer generated. When the stoj>cock is 0 }>ened, the pressure of the 
gas is released, and the acid returns to the sulphide to generate more gas as re(]uired 
— e.g. Fig. 0, 2. 18, (k Tlu* apparatus can also be arranged so that the acid is added 
as required, rid a tap, from the top of a tower containing tlie suljdiide the exhausted 
acid drains away at llie bottom. The same source of hydrogen sulpliide was 
recommended by (\ 1). Tourte, J. L. Gay Lussae, and numerous otliers. S. Kita- 
shima said that if free sulphur is ]»resent it is converted into hydrogeii sul])lijde if 
a large quantity of iron is present in the sulphide. G. Dragendorff recommended 
artificial ferrous sulphide pre])ared with ])urified materials in order to obtain 
hydrogen sulphide of a high degree of purity. E. W. Parnell and J. Simpson 
treated ammonium sulphide with carbon dioxide or ammonium hydrocarboiiatc ; 
and H. N. Draper passed the ammonium sulphide vapours—a by-j)rodmd in the 
ammonia-soda ])roce88—into dil. sulphuric acid. 11. Finkener, and \V. Ilampc 
used arsenic-free sulphuric acid and sodium sulphide; 0. F. Mohr treated barium 
sulphide and hydrochloric acid—F. W. Martino recommended a barium sulpho- 
carbide made by fusing barium sulphate and carbon in the electric furnace. R. Otto, 
and J. Habermann recommended using calcium sulphide ajid hy<irochloric acid, 
(k R. Fresenius employed a mixture of cahdum sulphide and sulphate moulded into 
cubes for use in Kipp’s apparatus. 6. Bong, B. Kosmann, and F. R. L. Wilson 
treat('d the alkaline earth sulphide with carbon dioxide. H. von Miller and C. Opl, 
and J. R. Michler treated a soln. of calcium hydrosulphide with steam ; E. Divers 
and T. Shirnidzu, F. Gerhard, and G. Sisson, heated a soln. of magnesium 
hydrosulphidc ; and J. Habermann gently warmed a mixture of magnesium 
chloride and calcium sulphide mixed with a little water: MgCh^-f2HoO 
--Mg(OH)o-fCaOl 2 +If 2 S. H. Hager, and H. Howard treated zinc sulphide with 
liydrochlorie acid. H. Howard devised a proceas for producing hydrogen sulphide 
from complex zinc sulphide ores and sulphuric acid. P. Casamajor, W. P. Jorissen, 
and W. Skey found that hydrogen sulphide is formed when a mixture of galena 
(lead sulphide), iron pjnrites, or bismuth sulphide is treated with zinc and dil. hydro¬ 
chloric acid, but these sulphides are not attacked in the absence of the zinc ; and 
F. Stolba, by treating the lead sulphide with a soln. of hydrochloric acid and sodium 
chloride, H. Fonzes-Diacon recommended using water and aluminium sulphide 
as a source of the gas. H. Wiederhold obtained hydrogen sulphide by decomposing 
sulphides or hydrosulphides by humic acid or substances containing humic acid— 
c g. peat. 

Hydrogen sulphide wajs obtained from the sidphide in the maniifaeinre^ of soda-ash. 
H. Grouven, for instance, passed st^am pver the sulphide residue at a high temp. This 
subject was investigated by L. Mond, G. Lunge, M. Schaffner and W. Helbig, C. Stahl- 
schmidt, G. Ouokclberger, T. Rowan, J. Mactear, F. B. Rawe«, J. VV. Kynaston, 
W. Weldon, C. Opl, E. W. Parnell and J, Simpson,C. Kraushaar, G. Aarland, A. R. Pechiney, 
etc. 


Hydrogen sulphide is also formed by reducing the oxy-acids with sulphur-— 
by the action of hydrogen on some metals on dil. sulphurous or sulphuric acid. 
Thus, S. Rosenblum obtained it by the action of iron on a soln. of calcium sulphate 
in carbonic acid ; and A. Hartmann, by passing a mixture of steam and sulphur 
dioxide through red-hot coke. H. Highton reported that hydrogen sulphide was 
formed as from the carbon in a cell charged with dil. sulphuric acid and having zinc 
for the positive plate and carbon packed in ^anulated carbon for the negative. 
There is a possibility that the hydrogen sulphide was due to the contamination of 
the carbon with iron sulphide, or, according to W. Skey, of adsorbed hydrogen 
sulphide. 

A number of carbon compounds furnish hydrogen sulphide when treated '^th 
water or steam— e.g. carbon disulphide, 6 . 39, 42; thiocyanic acid or potassium 
thiocyanate, a.s observed by F. Sestini and A. Pimaro, and J. T. Conroy and co- 
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workers ; mercaptan and alcohol with sodium sulphide, as observed by R. Bdttger ; 
boiling ethyl malonate and sulphur, as found by A. Michael; and boiling milk, as 
reported by L. Schreiner, and F. Utz. C. W. Scheele prepared hydrogen sulphide^ 
by heating a mixture of olive oil and sulphur; H. Reinsch, sulphur and suet; 
J. Galletley, W. C. Ebaugh, A. Henwood and co-workers, J. Fletcher, W. Johnstone, 
A. P. Lidoff, and H, Wuyts and A. Stewart, sulphur and paraffin—A. Henwood 
gave 36 parts sulphur, 14 parts of paraffin oil boiling above 110°, and 50 parts 
asbestos fibre ; E. Bindschedler and E. W. Rugeley, hydrocarbon oil and sulphur ; 
P. Champion and H. Pellat, A, fitard and H. Moissan, and P. Mochalle, sulphur 
and sugar ; A. C. Vournasos, by heating a mixture of sulphur and sodium formate 
to 400“, likewise also a mixture of sodium sulphite and formate ; and E, Prothiere, 
sulphur and vaseline. T. J. Drakeley observed the formation of hydrogen sulphide 
by passing sulphur dioxide over heated coal; by heating mixtures of coal and 
sulphur; and by heating mixtures of coal and iron pyrites. F. W. Sperr ^ extracted 
hydrogen sulphide from the gas resulting from the cracking of petroleum. 

Hydrogen sulphide is formed during the putrefaction of organic matter con¬ 
taining sulphur by the agency of bact<'ria. Hence, its occurrence in the gases of 
the alimentary tract— vide supra. The bacteria concerned in the reduction of 
albuminates, etc., to hydrogen sulphide were described by P. Miquel, J. Thomann, 
T. Sasaki and I. Otsuka, M. Hausmann, P. N. Holschewnikoflt, M. Debrayc and 
M. Legrain, etc. The formation of sulphur or of hydrogen sulphide by the reduction 
of sulphates with organic matter has been known for a long time. Thus, 
K. W. G. Kastner showed that if-a soln. of calcium or sodium sulphate be mixed 
with a little sugar, gum, glycerrhizin, and allowed to stand in a clos(‘d vessel for a 
couple of years, there is formed hydrogen sulphide, carbon dioxides and acetii' 
acid ; straw also develops hydrogen sulphide when in contact with miiuTal waters 
if air has access, but not if air be excluded. A. Vogel noted a similar phenomenon 
with beechwood. Many mineral waters were found by K. W. G. Kastner, 
G. Bischof, and J. W. Dobereiner to contain sufficient organic matter to decompose 
the sulphates in soln. 0. Henry observed a similar result with tbe suljihate water 
from Passy, and from the neighbourhood of Paris. At tin* same tinn*, f(*rrous 
sulphide, and slimy flakes of an azotized organic substance were produced Th(‘ 
hydrogen sulphide in sulphur springs is derived from the decomposition of alkaline 
sulphates by organic matter; moist clay containing gypsum and organic matter 
likewise furnishes hydrogen sulphide. According to J. F. Daniell, the w'aters of the 
rivers in hot climates, say the west coast of Africa, may be highly charg(Hl with 
organic matter, this mixing with sea-water containing sulphates, may give rise to 
hydrogen sulphide—^sometimes at a distance of 27 miles from the mouth of the 
rivers. The water has been reported to contain 6 cubic inches of gas per gallon. 

G. J. Mulder attributed the reduction of sulphates to the hydrocarbons formed by 
the decomposing organic matter; R. J. Petri and A. Maassen, to hydrogen in 
statu nascendi , and E. Plauchud, to the growth of algae. A. Rtard and L. Olivier, 
and F. Cohn attributed the action to algae or bacteria. Tliis subject was 
discussed by A. van Delden, A. Fitz, N. Gosling, F. Hopp(*-Seyler, 
J. F. Liverseegc, R. H. Saltet, S. Winogradsky, etc. The spirillum desulfuncans 
of W. M. Beijermck reduces sulphates to hydrogen sulphide— vide supra, 
sulphur bacteria. E. Pollacci, L, Olivier, and J. Bohm observed that this 
gas is formed when sulphur is in the vicinity of certain growing plants; 
and M. E. Pozzi-Escot observed that it is produced by the action of the 
hydroxygenases— e.g. philothion—on sulphur. The formation of hydrogen sul¬ 
phide during alcoholic fermentation by yeast has been discussed by J. do R('y- 
Pailhade, E. Crouzel, M. E. Pozzi-Escot, R. Schander, H. Will and co-workers, 

H. Wanderscheck, L. Sostegni and A. Sannino, J. E. Abelous and H. Ribaut. 

The hydrogen sulphide derived from ferrous sulphide and dil. sulphuric acid 

contains phosphine, arsine, etc.^o When the gas is required of a high degree of 
purity, it is best made from purified materials—say by heating to about 60“ a 
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mixture of calcium sulphide with a sat. soln. of magnesium chloride, and drying 
the gas over phosphorus pentoxide. The rate of the reaction is regulated by 
raising or lowering the temp, of the flask. W. Lenz recommended removing 
arsine by washing the gas with hydrochloric acid in a train of four wash-bottles— 
but H. Hager, and R. Otto did not consider the purification satisfactory. 0. von 
der Pfordten removed arsine by passing the gas over potassium trisulphide 
at 300^-350'^: 2 ASH 3 + 3 K 2 S 3 =- 2 K 3 ASS 3 + 3 H 2 S ; and 0. G. Jacobsen, and 
Z. H. Skraup passed the gas over solid iodine which fixed the arsine as arsenic 
triiodide, and the iodine vapour was removed by washing the gas with water. 
0. van der Pfordten removed oxygen by washing it with chromous chloride. 
A. Gautier purified the gas from arsine by washing the gas with water, passing it 
through a short tower containing moistened pumice-stone, then along a tube con¬ 
taining small fragments of glass maintained at a low red-heat, then through a 
serpentine wash-bottle containing barium sulphide soln., and finally through 
cotton-wool. H. Moissan first solidified the gas, then exhausted the containing 
vessel by means of a mercury pump, and then allowed the gas to regain the ordinary 
temp.—2* 18, 8 . E. Cardoso discussed the purification of the gas. 

The physical properties of hydrogen sulphide. —This compound at ordinary 
temp, is a colourless gas with the ofiensive odour characteristic of rotten eggs. It 
has been condensed to a liquid, and frozen to a solid. The vapour density of the 
gas, air unity, when calculated from the equation : H 2(2 vols.)+Sga8(l vol.) 
^HoS(2 vols.), is 1-1769. T. Thomson ^2 observed 1-1791; J. L. Gay Lussac and 
L. f, Th^nard, 1-1912 ; L. J. Thenard, 1*236; H. Davy, 1-267 ; L. Bleckrode, 
1-191 at 18-5° ; and A. Leduc, 1-1895 ±0-00()4. G. Baume and F. L. Perrot found 
that a litre of gas, at 0*^ and 760 mm., weighs 1*5392 grms. ; and F. Exner calculated 
1-5223 grms. The literature was reviewed by M. 8. Blanchard and S. F. Picker¬ 
ing. M. Faraday gave 0-9 for the specific gravity of the liquid; L. Bleekrode, 
0-91 at 18-5°; R. de Forcrand and H. Fonzes-Diacon, 0*86 at the b.p. ; and 
D. McIntosh and B. D. Steele, 0-964 at the b.p. The results of B. D. Steele and 
co-workers are indicated below ; so that the sp. gr, D at K. are represented by 
the formula D=0-964{1+0-00169(60-3—T)}. The molecular volume at the b.p., 
given by B. D. Steele and co-workers, is 35-2. G. M. Maverick found for the com« 
pressibility of hydrogen sulphide for p=746-872, 370-877, and 248-987, respectively 
v-=166-646, 337-310, and 502-269, and j9v=124463-5, 125100-6, and 125307-6. 
Hence, 1 + A - (pt;)o/(H 76 o == 124440-9/125730-4 = 1-01036. P. A. Guye and 
L. Friedrich gave for the constaixts of J. D. van der Waals’ equation — 1. 13, 4— 
a=0-00887 and 6- 0-00191 when referred to the initial voi. of the gas ; a^4-4 X 10<J, 
and 6=:42-5 when referred to gram-molecules; and a=3780, and 6=0-870 when 
referred to grams. M. Faraday said that the solid has a greater sp. gr. than the 
liquid. R. de Forcrand and H. Fonzes-Diacon calculated 39*53 for the molecular 
volume in the liquid state. This subject was also examined by E Rabinowitsch, 
who gave 35*4 for the constant; and also by R. Lorenz and W. Herz. Analyses 
by J. J. Berzelius, J. L. Gay Lussac and L. J. Thenard, and L. J. Thenard agree 
with the formula H 2 S, and this is in harmony with the vap. density. F. Exner 
calculated for the mcdecular diameter, 22 x 10~® cm.; and 60 x 10“~7 cm. for the mean 
free path ; and T. Graham, 37-5 X 10~7 cm. ’ T. Graham gave 469 X10^ sq. cms. for 
the total sectional area of all the molecules in a c.c. of gas, at 0° and 760 mm.; and 
41,190 cms. per second for the molecular velocity. A. 0. Rankine and C. J. Smith 
calculated 0-773x10^^'* cm. for the collision area. T. Graham’s experiments, 
calculated by 0. E. Meyer and A. von Obermayer, gave for the viscosity of the gas, 
at 0°, -jy=0-0001154 at 0° and 0-0001300 at 20° ; 0. E. Moyer, 0-000137 when air is 
0-000200 ; 0. E, Meyer and F. Springmiihl gave 0-000130 (air 0-000212) between 
10° and 20° ; and A. 0. Rankine and C. J. Smith, 0-0001175 at 0°, and 0-0(^1610 at 
100°. D. McIntosh and B. D. Steele gave for the viscosity, -rj, of the liquid : 

-82* ~7«7* -TiS” -71-8** -66*9® -e3'2“ 

« . . 0-547 0*628 0-510 0488 0-470 0-454 



124 


INORGANIC AND THEORETICAL CHEMISTRY 


and for the temp, coeff. of the viscosity, 1*10. J. E. Lewis measured the viscosity 
of hydrogen sul})lude in chloroform. B. D. Steele and co-workers obtained the 
following r(\snlts for tlio sp. gr. of the liquid, /); the vapour density, \ the 
surface tension, a dynes pin* cm. ; and the niol. surface energy, a(il/rj ergs : 
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There was no evidence of molecular association obs(‘rved during these determina¬ 
tions. B. Tamamushi studied the effect of hydrogtm Rulj)hi(ie on the surface 
tension of water. F. Schuster calculated 2515 atm. for the internal pressure of 
the litpiid. A. Masson gave for the velocity of sound in tli(‘ gas 289*3 metres per 
se(‘. at 0 . N. do Kolossow’sky studied the relation between the velocity of sound 
and the tran‘<Iation veloc'ity of the molecules. F. J. von Wisniewsky, and 
H. Hemy discussed the structure of hydrogen sulphide ; H. Henstock, and F. Hand, 
the electronic structure ; and A, O. Rankine, and F. J. von Wisniew'sky, tlie general 
structure of the molecules of the family of hydrides. A. Hagenbach calculated the 
coetf. of diffusion of hydrogen sulphide in aq. .soln. to be 1*24 S(|. ems. per day at 
15*5\ and F. Exner gave 1*53 at l(r’. The subject w*as studied by G. Tammanii 
and V. Jessen. A. Eiicken gave 0*03045 cal. per cm. })er second per degree for the 
thermal conductivity of hydrogen sulphide at i)\ 

M, Croullebois gave for the specific beat of the gas, at constant ])ress., 0*2123 ; 
and for the ratio of the two sp. hts., CpjC^s V. A. Muller gave 1*2759 between 10*2'^ 
and 40*0^, and between 259 mm. and 707*4 mm. ; J. W. Capstiek gav(‘ 1*340, or 
Cp-8*237, and Ct,™6*170; R. Thibaut, at 20'^, 1*32 at J atm, press., and 1*34 at 
one atm. pr(‘ss. corresponding respccti\ely with Cp =8*179 and 8*100, and ("V 0*166 

and 6*036. A. Masson’s results furnish 1*313 for the ratio of the two sp. l\ts., and 
0^=8*728, and C;-6*45 ; H. Regnault, y- 1*326, CV=~8*290, and 6^- 6*253; 
R. W. Millar’s results agree withy =--1*308, Cp 8*831, and 6^ -6*750. G. N. Lewis 
and M. Randall gave -^8*81—0*0019^ f-0*0r;222/?*^. 

M. Faraday liquefied the gas by enclosing suljihide of iron and cone, hydro¬ 
chloric acid ill one leg of a sealed V-tube, when the other leg is cooled by a freezing 
mixture. J. H. Niemann said that the ferrous sulphide must have no free iron or 
else the hydrogen liberated will burst the tube. Instead of ferrous sulphide and 
acid, G. Kemp, J. von Liebig, and R. Bunsen used hydrogen persulphide ; and 
H. J. F. Melsens, charcoal sat. wuth the gas. M. Faraday also obtained the liquid 
by passing the gas through a tube cooled by a mixture of solid carbon dioxide and 
ether ; and when this freezing mixture is evaporated in vacuo, the clear, colourless, 
mobile liquid freezes to a snow-white maSvS of crystals. M. Faraday found that the 
gas liquefied at the following temp, and press. : 

-70® -40“ - 3 33“ 11 ir 18“ 50® 100“ 

Press. . 109 2 86 6 36 14*60 10*25 16*95 35*56 88*7 atm. 

The four last data are by C. Olschewsky. 0. Maass and D. McIntosh gave for the 

vapour pressure, p : 

-110*0® -99-7® ~90'6* ~87-7® -80 9“ -72*0 — 64*7“ -00*1“ -58*1“ 

P * 1® 43 91 112 188 393 573 732 822 mm. 

H. V. Regnault represented the vap. press, bv log />=4-2038661—0-7960525a®+*’', 
where log a=l-9895941 ; C. Antoine, by log y==0-72176{9'6282—1000/(0+238)}. 
E. Cardoso represented his results : 

0® 10® 20* 40® 60“ 80® 100* 100-4* 

p . 10*20 13*34 17*24 27*80 42*22 61*88 88*32 88*92 atm. 

by formula of the type atm.; for temp, between 0° and 50®, he gave 

log p -=1 *00860-f*0*01 1935^ —0*0000268302^ and between 50® and 100*4®, log p 
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*-l-5382O+O*OO88786(0-50)-0*000014429(0-50)2. The two parabolas join per¬ 
fectly at 50®. From these formula), rfp/(/0~p(O*O27481—0-000123710), and 
d^p,W0“~;[;{O-O2O444—O-(XXX)66449(0~~5O)}. B. D. Steele and L. S, Bagster studied 
the vap. press, of t)ie binary systems: HoS-HBr, and HoS-Hl. U. Antony and 
G. Magri said tJiat the liquid vaporizes slowly without boiling. M. Faraday gave 
- -73® for the boiling point at 760 mm.; H. V. Regnault, —61*8® at 755 mm. ; 

G. Olschewsky, ""63*5'; A. Ladenburg and C. Kriigel, —60*4® at 755-2 mm.; 

H. de Forcrand and H. Fonzes-Diacon, —61*6® at 760 mm. ; D. McIntosh and 
B. I). Ste(de, —60*1®; 0. Maass and D. McIntosh, —59-8® ; R. de Forcrand and 
H. Fonzes-Diacon, —61® at 773 mm. ; and E. Cardoso and E. Arni, -60*2® at 
760 rum. N. de Kolossowsky gave 0*63 to 0-72 for the ebulliscopic constant of th(* 
liquid. M. Faraday gav<‘ —85® for the f.p. ; £. Cardoso and E. Arni, —83® ; and 

O, Maass and D. McIntosh, - 83-6®, and B. D. Steele and co-workers, —82-9® for 
the melting point. R. de Forcrand and H. Fonzes-Diacon gave —86® for the in.p. 
E. Cardoso gave l(X)-4® for the critical temperature; and A. A. Schnerr, 100-43®, 
while J. Dewar, and P. A. Guye gave 100-2® for the critical temp., and 92*0 atm. 
for the critical pressure; C. Olschewsky gave respectively 100® and 88*7 atfn. ; 
A. Leduc and P. Sac(‘rdote, 100® and 90atm., F. E. C. SchelhT, 99*6® and 88-3 atm. 
and E. (’ardoso and E. Arni, 1(X)*40® and 89*05 atm. D. A. Goldhammor gave 
0-(K)490, and F. Schuster, 0-()0413 for th(‘ critical volume. S. F. Pickering gave 
for the best representative values 7"^—373*5® K. ; and Pc— Sitm. R. de Forcrand 
and H. Fonzes-Diacon found the latent heat of vaporization to be 4230 cals., and 
20*01 for Trouton^S number. 0. Maass and D. McIntosh gave ]9*3x 10^^ ergs or 
4585*8 Cals, per mol., or 134*6 Cals, per gram for the latent h(*at of vaporization, 
while P. H. Elliot and D. McIntosh gave 19*6x10^^ ^‘rgs ; and A. A. Schnerr, 
449-8 Cals, per mol., or 131*98 Cals, per gram at —•61*37®. F. Paneth and 
E. Rabinovitsch discussed some relations between the physical properties of the 
family of hydrides. 

J. Thomsen gave for the heat of formation (Il2c‘^h(.iia)~H2S|;jrts+4-510 Cals.; 

P. JIautefciiille, 4-82 Cals.; and M. Berthelot, for (H2,S^as)^7-2 Cals. TIkj 
subject was studied by R. d<‘ Forcrand. J. Thomsen gave 136*71 Cals, for the 
heat of combustion at constant press. R. de Forcrand and H. Fonzes-Diacon gave 
16*34 Cals, for the heat of formation of the solid hydrate. J. Thomsen gave 4*76 
Cals, per mol, for the heat of absorption ; and 4*75 Cals, for the heat of solution 
of a mol. in 9(X) vols. of water. For the heat of formation of the hydrate, vide infra. 
J. Thomsen, P. A. Favre and J. T. Silbermann, and M. Berthelot measured the 
thermal value of the reaction between hydrogen sulphide and the metal oxides; 
J. Thomsen, and P. Sabatier, the heat of formation of the metal sulphides; anci 
J. Thomsen, the heat of the decomposition of the metal nitrates by hydrogen 
sulphide. K. Jellinek and A, Deubel calculated the chemical constant, —0*79, 
of hydrogen sulj>hide, 

J. B. Biot and 1). F. J. Arago gave 1*(XX)63C for the index of refraction of the* 
gas, and P. L. Diilong gave 1-000641 for while light; L. Bleekrode, and M. Croiille- 
bois gave 1-000639 for Na-light, and E. Mascart, 1*000619. C. and M. Cuthbertson 
gave 1*0006509 for light of wave-length A—B46*l/>t^; 1*0006440 for A—546*l/qLt; 
1*0006412 for A- 579*Q|u/Lt; and 1*(X)06362 for A=656-3/ifL. C. and M. Cuthbertson 
found that the rcfractivity of hydrogen sulphide is about 6 per cent, less than is 
required by the addition law. The number of dispersion electrons in hydrogen 
sulphide is not equal to the sum of those in the component atoms. M. Faraday, 
and J. H. Niemann observed that the refractory power of liquid hydrogen sulphide 
is greater than that of water. J. Dechant gave 1*374 for the refractive index 
of the liquid for Na-light; and L. Bleekrode*, 1*380 at 12*5®, and 1*384 at 18*5® 
for Na-light, and 1*390 at 18*5® for sunlight. The sp. refraction with the ft-formula 
is 0*429, and with the /i^-formula, 0*262. The subject was studied by T. H. Have¬ 
lock. C. V. Raman and N. S. Krishnan gave 0*26 xlO"^^ for Kerr’s constant at 
one atm. press., 20®, and the D-line. K. R. Ramanathan and N. G. Srinivasan 
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investigated the optical anisotropy of hydrogen sulphide. A. Kundt and 
W, C. Rontgen studied the electromagnetic rotation of the plane of polarized light, 

K. R. Ramanthan and N. G. Srinivasau found that the depolarization of light in a 
direction perpendicular to the incident beam in hydrogen sulphide is the same as 
in hydrogen chloride and ammonia (g.v.). J. Piccard and E. Thomas discussed 
the colour of sulphide ions. W. H. Bair,i" and H. Deslandres studied the spectrum 
of hydrogen sulphide. G. D. Liveing and J. Dewar, W. A. Miller, P. Baccei, 

L. Ciechomsky, and W. H. Bair investigated the ultra-violet spectrum ; and 
A. H. Rollefson, S. C. Garrett, J. Tyndall, and W. W. Coblentz the ultni-red 
Spectrum. The maxima in the absorption bands occur at 4*24/i, 5*6ju, 7*12/x, 

846/ui, 9-65ft, 10»08/x, 10’6/x, and 10*95/x. J. W. Ellis discussed the spectra of conj- 
pounds with S~H linkages, R. Wright found that while the strong acids give the 
same absorption spectrum as their sodium salts, the reverse is the case with weak 
acids like aq. soln, of hydrogen sulphides. It is supposed that the non-ionized 
molecule—capable of ionization—is in a state of stress and is more absorptive than 
a similar free ion, or than a molecule incapable of ionization. ' 

A. S. Eve found that the ionization produced in the gas by X-rgys is 0-9 (air 
unity), and by the y-rays of radium, 1*23. According to E. Wourtzel, when 
hydrogen sulphide is exposed to radium rays, the ratio of the amount of hydrogen 
formed to the amount of radiation destroyed diminishes with the time of exposure 
owing to diminution in press, caused by decomposition of the hydrogen sulphide. 
The calculated amount of hydrogen formed, corresponding with the total destruction 
of the emanation and the complete use of its radiation, is constant. The velocity 
of decomposition diminishes with the temp. The number of molecules of hydrogen 
sulphide decomposed by the radiation from the emanation exceeds 3*3 times the 
number of ions produced in air under the same conditions. The relative amounts 
of water and hydrogen sulphide decomposed by a given amount of radiation are 
as 1: 4*7, expressed as raols. E, Wourtzel also studied the decomposition of the 
gas, 1128 =Ho+ 8 , by exposure to the a-rays of radium. R. A. Morton and 
R. W. Riding gave 11*3 for the ionizing potential ; and C, A. Mackay, 10*4 volts. 
L. B. Loeb and L. du Sault studied the mobilities of the gaseous ions; and 
J, H. Bartlett, ionization by slow electronic impacts. 

The effect of the electrical discharge on the gas has already been discussed. 
J. J. Thomson!® found the electrical condnctivi^ of the gas to be very small. 
A. de Hemptinne said that the flame of burning hydrogen sulphide is a good electrical 
conductor. U. Antony and G, Magri, and L. Bleekrode made a similar remark 
about the conductivity of the dry liquid. B. D. Steele and co-workers gave 
0*1 X ohm for the sp. conductivity of the liquid when that of the purest water 
is 0*04xlO^® ohm. The aq. soln. of hydrogen sulphide is very little ionized: 
H 2 Sf^H*+HS', and this is reduced in the presence of the stronger acids. This, 
said W. Ostwald, is connected with the solvent action of acids on certain sulphides, 
and the low solubility of the metal sulphides in water. The sulphides of the univalent 
metals are also ionized: R2S=2R*-f S" ; and also R2S+H20=^2B'+SH'-f-0H'. 

Table II. —Relative Concentbations of the Ions in Aqueous Solution of 

THE Sulphides. 


Soln. 

< S' 

1 - 

HS' 

H,8 

H' 

OH' 

Mol 

1 009 

0*91 

1*3x10-’ 

l-3xl0->‘ 

0-91 

Mol NaHS 

1 36xl0-*» 

I 1*0 

3-6 X 10-* 

3-3x10-“ 

3-6 X10-* 

Mol (NH^laS . 

3x10-® 

1*0 

6 x 10-* 

0-6X10-* 

1-7x10-* 

Mol NH 4 (HS) . 

1-6x10-’ 

0*93 

' 0*07 

0-7 X 10-» 

l-7xl0-» 

Sat. H,S in water 
Sat. H.S in 
jV-OTjCOOH. I 

l-2xl0~“ 

0-96x10-* 

1 0*1 

1 

0-»fixl0-* 

l-3xl0-*» 

o*exio-i« 

2*0 X10-* 1 

1 0*1 j 

4x10-* 

3xl0-»« 

Sat.H,SiniV.HCl 

1*1 X 10-2* 

0*91 xlO-* 

1 0.1 j 

1 

1-2x10-** 
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According to J. Knox, the proportion of H 2 S, and of S"-, HS'-, H*-, and HO'-ions 
in aq» soln. of the sulphideB is indicated in Table II. K. Jellinek and J. Ozerwinsky 
measured the cone, of the ions in the hydrolysis equilibrium of sodium sulphide, 
and found that 



Na8 

NaH' 

Na' 

S‘ 

OH' 

SH' 

ir 

NaOH 

NaSH 

0*liV. . 

. 0-0003 

0*002 

0*08 

0*006 

0 035 

0*033 

30x10-1® 

0*004 

0*0065 

I'OfbV- . 

. 0*053 

0-09 

0*06 

0*076 

0*226 

0*195 

48x10-1® 

0*084 

0 116 

2*85N- . 

0*431 

0*47 

1*26 

0*259 

0*131 

0*138 

8x10-1® 

0*133 

0*126 


With0-lA^*NaHS,NaSn, 0*085; 8 ^ 3 * 2 x 1076 ; H*, 6*3xl0“ii and OH', 8*0xl0"5, 
The degree of hydrolysis of sodium sulphide is : 

N . . 0 1 0-21 0*53 1 06 1-59 2 12 2-85 

Hydrolysis 0*805 0 75'1 0*655 0*586 0*535 0*500 0*460 

The percentage hydrolysis of 0*lA'>NaSH is 0*15 per cent, at 07 0*08 per cent, at 
10'^. Tlie toiti]). eoejf. and the heats of hydrolysis are small; and the heat of 
ionization of HS' is large—about 13,000 cals. For the ionization constant of aq. 
soln. of hydrogen sulphide : H 28 ^H*HS', at 187 de Hlasko, and F, Auerbach 
gave 0*91 x which is between the value 0*574 x 1Q~^, at 18°, given by J. Walker 
and W. (Njrmack, and the 1 * 2 xlO'"^ given by T. Paul. K. Jellinek and J. Czer- 
winsky gave 1 x 10 “^, at 0°. J. Knox calculated the second ionization constant to 
be 1*2 < 10 ”^^ at 25 ; M. Aumeras, 0*37x10'”^^ to 0*59 at 25°; and 

K. Jellinek and J. (’zerwinsky gave 2 xl 0 ~i 6 at 0 °; and for the ionic mobility 
they gave 42*5 at 0 °. 50*5 at 18°, and 64 at 25° for HS'-ions at infinite dilution. 
M. Randall and (\ F. Bailey studied the activity coefficient of hydrogen sulphide. 
R. E, Hughes found that thoroughly dried hydrogen sulphide gas has no action 
on litmus , but the gas reddens tincture of litmus, although the red colour dis- 
a])pears on exposure to air. F. J. Maluguti said that tincture of litmus, saturated 
with hydrogen suljjhide under press., is decolorized. G. Bellueci attributed the 
deeolorization of soln. of litmus, indigo, etc., to the formation of colourless eom- 
poumls with the su)j)hur of hydrogen sulphide. G. N. Guam and J. A. Wilkinson 
measured the conductivities of various substances dissolved in liquid hydrogen 
sulphide. 

The sp. condiK 1 iMtios in julms 10^ were for: li^drogen chloride (8*813), chlorine 
(1*787), bromine (1-614), iodine (136*000), iodine trichloride (13*420), mercuric bromide 
(51*6), mercuric iodide (99*9), mercuric chloride (0*31), zinc chloride (6*34), silicon tetra- 
cliloruJe (1*29), feme (‘Iilonde (20*99), sulphur monochloride (10*340), phosphorus tri¬ 
chloride (0*425 4), pho8phoi*u8 tribromide (0*5269), arsenic Iricliloride (11*510), antimony 
trichloride (4244*000), stannic chloride (1*680), tliiocarbanilido (9*610), acetic acid—0*1 
mob - -(JT^il)t acetic acid—0*1 mob, room temp,—(0*634), acetic anhydride (41*260), thioacetio 
acid (2*960), acetyl chloride (18*8(X)), and acetoamide (1*680). The following did not form 
conducting soln. : potassium, strontium, barium, cadmium, chromic (green and violet), 
manganous, and cobalt chlorides, potassium and ammonium hydrosulphidos, bismuth 
trichloride, carlxin disulphide, ti-butyl sulphide, n-butyl mercaptan, thiophenoi, p-thiocresol, 
thionaplithol, chloroform, bromoform, iodoform, trichloroacetic acid, benzoic acid, dinitro¬ 
benzene, stearic acid, and palmitic acid. 

J. F. Daniell, and W. Bcetz compared the electromotive force of elements with 
carbon or platinum, or jialladium sat. with hydrogen sulphide in dil. sulphuric 
acid as the anode, and the simple element as cathode. For PdngS 1H 2 SO 4 j Pd 2 , 
J. F. Daniell found 0*41 volt; and for Ch^s | H 2 SO 4 ( C. 0*29 volt. W. Beetz made 
observations on this subject, N. Isgarischcw and E. Koldaewa discussed the 
poisoning of the H-<4ectrode by hydrogen sulphide, arsenic trioxide, etc. 
D. F. Smith and J. E. Mayer found for the l^uction potential and decrease of free 
energy for S+ 2 H*—H 2 S at 25° respectively —0*141 volt, and —6400 cals.; for 
S 02 + 6 ir=H 2 S+- 2 H 20 , respectively --0*360 volt, and —49,840 cals.; and for 
H 04 "+ 10 H*:-"H 2 S 4 - 4 H 20 , respectively —0*304 volt, and —56,190cals. According 
to J. Gamier, in the electrolysis of molten sulphides, out of contact with air, with 
a carbon anode, the Kulphur reacts with the carbon, forming carbon disulphide. 
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H. S. Blackniore made some observations on this subject. According to M. Merle, 
and A. Scheurer-Kestner, when a soln. of sodium sulphide is electrolyzed, the 
sulphide is oxidized to sulphate ; and F. W. Durkee said that thiosulphate is formed 
as an intermediate stage of the oxidation, but A. Scheurer-Kestner did not accept 
this result. E, F. Smith also studied the oxidation of the sulphides by electrolysis. 
W. Skey found that if the sulphides of silver, gold, mercury, lead, and platinum 
be employed as anodes they are reduced to the metal with the evolution of hydrogen 
sulphide. According to I. Bernfeld, in the electrolysis with electrodes of metallic 
sulphides, the following changes occur. (1) In acid soln. : at the anode, the metal 
is dissolved and the sulphur precipitated or oxidized ; at the cathode, hydrogen 
sulphide is formed with separation of the metal; (2) in alkaline soln. : at the anode, 
the metal forms a hydroxide and the sulphur is oxidized ; at the cathode, the metal 
is precipitated and the sulphur passes into soln. as an ion. According to F. Hund, 
the distance apart of unlike ions for the HS'-ion is l*5xl0~8 cm., and for 
1-5x10“® cm. ; the distance apart of like ions is for the ILS, 1-6 X10“® cm., and 
for the energy of complete separation of one hydrogen nucleus from the HS'-ion is 
430 (^als., and for HoS, 310 Cals. W. T. Skilling found a soln. of ])otassiiim chloride 
in liquid hydrogen sul]>hide to be non-conducting. B. D. Steele and co-work(*rs found 
that although hydrogen chloride and bromide readily dissolve in liquid hydrogen 
sulphide, tiie soln. are non-conducting. They also measured the conductivity of 
soln. of triethylammonium chloride, tetramethylammonium chloride, nicotine, and 
of piperidine in liquid hydrogen sulphide. They also measured the raising of the 
b.p. by toluene, and triethylammonium chloride as solutes—the molecular raising 
of the 1).}). IS t>20. 

L. B. Loeb and A. M. Cravath found that the mobility of the ]>ositive ion 
III hydrogen sulphide is 0-61 cm. per sec. per volt per cm., and of the negative 
ion, 0-55 cm. per sec. per volt per cm. P. Eversheim found the dielectric 
constant of liquid hydrogen sulphide to be for A='oo, 5-93 at lO*"; 4-92 at 50''; 
3-76 at 90^" ; and 2*7 at the critical temp. H. J. von Braumnuhl gave 0*69x10 
for the dielectric constant, and for the dectric moment, 1*101 X10“^® ; C. T. Zahn 
and J. B. Miles gave 0'001223r+0*732 for the dielectric constant of 

the purified gas when v is the sp. voL, and T, the absolute temp.; and 0*931 x 10“^^ 
for the electric moment. K. Honda and K. Otsuka found the sparking voltage of 
56 to be necessary with tubular electrodes, 10 cms. apart, using a 50-cycle alternating 
current. 

The chemical properties of hydrogen sulphide. —Dry hydrogen sulphide is 
decompos(*d by exposure to light : HoS ^ The reaction is endothermal, 

and the wave-length of the active radiation is 2300 A. to 1800 A. The reaction was 
discussed by V. Henri,D. Berthelot and H. Gaudechon, A. Smits and 
A. H, W. Aten, H. Tramm, and R. H. Gerke. E, Bohm and K. F. Bonhoffer-<> 
found that active hydrogen is de-activated by hydrogen sulphide, and -quantities 
(»ver one per cvnt. repress the Balmer spectrum of hydrogen. M. Scanavy-Grigorieva 
found that when hydrogen is passed over platinum, palladium, copper, and glazed 
])orcelain, at 600'* to TOO'^ hydrogen sulphide is formed, presumably owing to the 
])resence of sulphur adsorbed from the atmosphere. Hence, many proofs of tin- 
activation of hydrogen after its pas-sage over glowing metals by showing that i1 
forms hydrogen sulphur, are invalidated. A. G. White studied the limits for th<- 
propagation of flame in mixtures of hydrogen and hydrogen sulphide. According 
to H. Davy, hydrogen sulphide burns in air or oxygen under conditions similar to 
those for hydrogen. It is ignited by charcoal or iron at a low red-heat. According 
to J. Dalton, hydrogen sulphide burns in air with a blue flame, forming water and 
sulphur dioxide and depositing sulphur. A. Smithells and H. Ingle analyzed the 
flame into two cones, and found that most of the sulphur escapes from the first 
cone without undergoing combustion. When mixed with oxygen, hydrogen sulphide 
explodes on ignition. One vol. of hydrogen sulphide exploded with half a vol. of 
oxygen forms water and sulphur; and with 1*5 vols. of oxygen, it forms water 
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and sulphur dioxide. A. ]\‘dl<*r rc]ueheiitf‘d the n'aetion witli sulUeient air or oxygon : 
2Il2S-f-30*>-2H20-f 280.; and wiflia dofioinuyof oxyg<‘u: 2 H 2 S [-0.-2HoO+2S. 
This proforoiitial eomhustnm fd tli«* liydrog(‘n at the oxpi‘ns(‘ of thf^ sul])]uir was 
applied ]>y C. F. (1aiis to t}i<‘ i<ro\oiy ol sulpliur from tin* l)y-})roducts oi tlio 
black-ash process of making soda ; and, iif cording to J. Halx'nnann, is the jminary 
cause of the occurrence of sul[)liur in volcanic districts, G. W. Join's and co-workers 
discussed the exjJo.sibility ot mixtures of hydrogen sulplnde and riir; and 
JJ. 8. Chamberlin and IJ. R.'Ckirke, 1 he .sj>e(‘d of the flame of tin' burning gas. R. Pina 
found that if a stream of liydrogen sulpliid(‘ be sent through an inverted flask vuth 
the bottom removed, so that a mixture of air and hydrogen sulpliuh' is funm'd, 
the mixture is inflamed by conta(*t with red-hot coal, etc., and burns, forming a 
thick cloud of*water, sul])hiir dioxide, and sulphur resembling the fumes ejected 
from the fumaroles of Agnano (Naples). According to F. Freyer and \ . Meyer, 
the ignition temp, of a mixturf' of hydrogen sulphide with three times its vol. of 
oxygen streaming into air is 315"^ 32(P , and when heated in a closed vessel to 
250''-27(F, an (‘xplosion (*ccurs. J. W. Dobereinc'r found that spongy platinum 
does not ignite a mixture of oxygen and hydrogen sulphide, but it does so if hydrogen 
be also pn'simt, and A. de la Rive and F. Marcet showed that palladiurmzed or 
platinized pa[)er-ash must be heated to llXF before it will becomi' red-hot in a stream 
of hydrogen sulphide. It may then set the gas on fire. T. Graham found that a 
ball of platinized clay causes the slow oxidation of hydrogen sulphide admixed 
with oxygen ; water is formed, and sulphur is deposited on the platinized clay. 
If a mixture of equal vols. of hydrogen, oxygen, and hydrogen sulphide be similarly 
treated, only tlie hydrogen of the hydrogen sulphide is oxidized during the first 
24 hrs.; only afterwards does the free hydrogen unite wit!) the oxygen, ilccording 
to K. Carstanjen the. gas is ignited by thallium trioxide ; and, according to 
R. Bottger, by manganese, lead, or silver peroxidt‘, or by chlorates or chromates ; 
barium dioxide ; or by silver, copper, or nickel oxide, and many silver and mercury 
salts only inflame the gas when heated. F. Bayer and Co. used porous silicic acid 
as catalyst for the reaction between oxygen and hydrogen sulphide. According 
to J. B. A. Dumas, sulphuric acid is formed when hydrogen sulphide is slowly 
oxidized in air. Tlie presence of moisture is necessary for the oxidation. 
C. J. St. C. Deville observed that a mixture of hydrogen sulphide, steam and air, 
corresponding wnth many fumarolc gases, when allowed to act for some months 
on broken fragments of rocks, forms sulpliates of the alkalies and alkaline earths. 
According to J. B. A, Dumas, the formation of sulphuric acid by the oxidation of 
moist hydrogen sulphide can be observed at the baths of Aix (Savoy), for the lime¬ 
stone walls are soon covered with crystals of gypsum; and iron hooks, wdth green 
crystals of ferrous sulphate—yet the gas is itself free from sulphuric acid. Similarly, 
the fumarole gases of Tuscany, free from sulphuric acid, convert the lime of soil 
into gypsum. The waters of the Rio de Pasarabio (South America) we.re found by 
A. von Humboldt and J. B. J. D. Boussingault to contain sulphuric acid derived 
from the oxidation of the hydrogen sulphide from the adjacent volcano of Purace. 
U. Bresciani found that in steam at 120'^ hydrogen sulphide is incompletely oxidized 
to sulphuric acid by a large excess of ozonized oxygen. R. Nitzschmaiin and 
E. Vogel discussed the oxidation of hydrogen sulphide to sulphurous acid. 

An aq. soln. of hydrogen sulphide was found by L. N. Vauquelin to be slowly 
oxidized by exposure to air, forming water and milk of sulphur, as welLas some 
sulphuric acid. C. Herzog said that some ammonium sulphate was formed in a 
closed flask containing air, and an aq. soln. of hydrogen sulphide, but this has not 
been verified. E. Filhol said that no sulphuric acid is formed at all, but if sufficient 
alkali “lye be present to form sodium hydrosulphide, the oxidation occurs more 
slowly, forming sulphur, and alkali polysulpliide and sulphate. J. Raab said that 
light favours the action; and M. Salazar and H. Newmann, that the aq. soln. 
decomposes more slowly in darkness than in light. C. F. Mohr preserved the soln. 
by covering it with a layer of petroleum to keep away the oxygen; and P. H. Lepage, 
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J. Raab, M. Salazar and H. Newniatm, and A. J. Shilton said tliat th(‘ aq. soln. 
can be kept for a longer time without decom])osition if glycerol be also present. 
D. Undo said that the soln. in glycerol is no mon* stable than the soln. in water. 
A. J. Shilton reported tliat the pres<mce of sugar or salicylic acid acts as a pre¬ 
servative. According to P. de (dennont and II. CJuiot, dry oxvgen does not act 
on the metal sulphides at ordinary temp , but many of them are transformed hy 
moist air or oxvgen into sidj>hatt‘s—c 7 . ferrous sulphidt). If tlie pr(‘(‘ipitated 
sulphides of manganese, iruin or nickel b(‘ strongly (‘omprossed, and exposed to 
moist air, they become luxited mving to rapid tjxidation ; the sulphkb's of copper, 
zinc, and cobalt are oxidized mon* slowly, and no evolution of heat can be dtitectcd. 
H. A. Krebs obst^rved that the rate of oxidation of a(]. soln. of hvdrogeji sulphide 
or of alkali sulphides is greatly accelerated by the prt‘.Hen(‘(‘ of a minute j)roportion 
of a heavy metal sulphide. For aq, .soln. of liydn>gen suljdiide, nickel sul])hide is 
the most active catalyst; for soln. of the gas in A’-IiCl, a mixture of manganese* 
and iron sulpliides is the mo,>t active. The so called autoxidntion of soln. of sub 
jdiides is attributed to the presence of traces of heavy metal sulj)liides. F. (). Smith 
and Co-workers found that ultrasonic radiations on an aq. soln. of hvdrogen sul})}iide 
form colloidal sulphur. 

According to A. Desgrez and co-w<.>rkers, free hydrogem sulphide may be; renu>veel 
from soln. by bubbling through them an ine‘rt gas like hvdre)geu or uitrogem. The 
free ga.s is removed from simple aq. soln. very quickly ; with soln. to which efficient 
sodium hydroxide has been added to produce the hydrosulphide, the gas is f‘Volved 
more slowly as the result of the hydrolysis: NaHS+HoO NaOH+HgS ; and 
with sexiium sulphide in soln, the decomposition pre)c(‘ 0 (ls at a still slower rate, 
the; first stage of the reaction is: Na 2 S t-HoO—NaOH+NaHS. The rate of 
evolution of the gas is modified by the presence of certain salts. Sodium hydro- 
carbonate accelerates the removal of the gas ; and potassium moiiopliosj)hat(* still 
more so : whilst sodium borate has a smaller influence. Using buffer soln. of 
borate and phosphate, the rate of removal of hydrogen sulphide was found to 
depend on the value, i.e. on the acidity of the liquid. Acidic soln. are unstable ; 
alkaline soln., stable. There is a rapid transition at -d or 9. The mean 
value of urine is 6*5, and this is taken to explain the absence of hydrogen sulphide 
from urine after considerable quantities of sulphuretted waters liave been drunk. 
If an aq. soln. of hydrogen sulphide be heated in a sealed tube, at 2i)0\ C. Geitner 
found that a blue liquid is produced on which float globules of sulphur. The 
liquid is decolorized on cooling, and it then becomes turbid owing to the separation 
of sulphur. The liquid contains some sulphuric acid. According to A. Gautier, 
on passing a current of hydrogen sulphide, saturated with water vapour at 10 (}'\ 
through a red-hot tube provided with a condenser, sulphurous acid, sulphuric acid 
in small quantity, and colloidal and precipitated sulphur collect in the latter, and 
hydrogen is also evolved. 

C. F. Schdnbein, and W, Helbig said that ozone oxidizes the gas or the aq. 
soln. of hydrogen sulphide to sulphur and water. A. Mailfert also cibserved that 
ozone converts the sulphides of the alkalies, alkaline earths, copper, zinc, cadmium, 
and antimony into sulphates; cobalt and nickel sulphides, first into sulphates, 
and then into sulphuric acid and peroxide ; gold sulphide, into gold and sulphuric 
acid; silver, bismuth, and platinum sulphides into sulphuric acid; manganese, 
lead, and palladium sulphides into sulphuric acid and peroxide; while mercuric 
sulphide is but slowly attacked. H. C. Jacobsen discussed the oxidation of hydrogen 
sulphide to sulphuric acid by bacteria —mde supra. 

Early observations on the solubility of hydrogen sulphide in water were made 
by W. Henry ,21 who found that one vol. of water absorbs 1*08 vols. of gas at lO*"; 
N. T.^de Saussure, 2*53 vols. at 15°; J. L. Gay Lussac and L, J. Thenard, 3 vols. 
at 11°; T. Thomson, 3*66 vols- at ordinary temp.; and J. Dalton, 2*5 vols. at 
ordinary temp. R. de Forcrand and P. Villard gave 4 vols. at 0° and ordinary 
press., and 100 vols. at 0° and 820 mm. press., while F. PoUitzer found that a litre 
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of water dissolves 0‘10()4 mol. Jf.jS at 25° and 760 min. L. ('anus found tJiat one 
vol. of water at 0° absorbs aS voJs. of hydrogen sulphide reduced to 0° —760 mm. 
])ress. : 

10 jr>" *j() ii5’ 30° 3:>° io^ 

, 4-3706 3*9652 3*5858 3*2326 2-9053 2*6091 2*3290 2*0799 1*8569 

li. Bunsen and E. Srlionfcld represent(‘d the results by the formula N 4*3706 
-U*08;3687<9+0*CK)05213f/-; and F Henrich, xS- 4*4015 - 0*891170-f 0*000619540- ~ 
vide infra. L. W. Winkler rej>resenle<i the coeif. of absorption -i,e. tlo' \()1. of 
gas reduced to if and 760 mm. which is absorbed by omi vol. of Inpiid wlem tin* 
press, of the gas itself, without the jjartial press, of the solvent, is 760 mm. - at 0° 
by 4*6210 ; at 20\ by 2*554 ; at 40^ by 1*612 ; and at 60^, by 1*176. G. h'aiiser 
gave 4*686 at 0°, and 2*672 at 20’. P. K. Prytz and 11. Holst gave 4*6796 at O' ; 
and F. Henrich, 4*4015 at 0°, and at 

2*’ 9 8° 14 8° 19° 2.r 27 8° 35 0° 43 3* 

S . 4*2373 3*5446 3 2651 2*9050 2*7415 2*3735 1*9972 1*7142 

E. P. Perman measured tlie rate of escape of hydrogen sulphide from its aq. soln. ; 

and W. H. McLauchlan sljowed that the gas is less soluble in a soln. of sodium or 
calcium cldoride than in ^vat(‘r. They also found that th(^ solubility of hydrogen 
sulphide in water follows Henry's law- 1. 10 , 4—that the solubility in salt soln. 
IS lowered in the following way : 

Th<’ vol. ol li\drog<‘n Mulp}>i(io ahsorhed bv one \oL of acj. sdIij. at 25" is 2 (>l 
for.V-NHJlr; 2* UMor A, 2*58. ior A-XII^XOj, ; 2 14, tor 0 5A-{X H 4 )^ 80 , ; 2 37, 
tor U*25X-(X1D2S( >4 ; 2 47, lor A-KHr; 2*22, for A’-KOl ; 2 38, tor A’-KNO,; 2 04, tor 
0 * 5 A'-K 2 S (>4 ; 2*32, tor 025 X-K 08 O 4 , 2 56, tor A'-Kl ; 2 44, ioi A-A.ai’.i\ 2 21, tor 
A-XaC4 ; 2 42, lor 0 *r>X-Xa('l , 2“ 32, tor A’-XaX().,; I 90, for 0 *r>X-Xa^S ()4 ; and 2 32, 
tor 0 25A’-Xa2S(J., l)ed(* and T. Bt‘(*ker found that neutral i 7 .oln. of tlie lolloNMng -'alts 
dissolved tlio tolluv ing nurnher oi grains 01 livdrogen .sulphide per iOO e i\ ot -'oln . 


0 12 4 


FaCIa • • 

. 0 392 

0*350 

0*313 

0*270 

NaC 104 . . 

. 0*392 

0*340 

0*293 

0*220 

Xa,S()4 . 

. 0*392 

0*348 

0*300 

0*257 


F. L. ('lobaiigli found that the gas la .soluble in on afj. soln. of anunoniuin cadniunn ehlonde. 
According to 41. Cloldsehmidt and H. Larneii, a litre ot 0 OoA’-XaSlI dissolves 0 082 and 
0*064 mol <»f h\drogen sulphide respeetively at 35^ and 45^; a litre ot 0-LV-X^uSH dis- 
solvo.s 0*132, 0*104, and 0*082 mol ot hydrogen sulphide respettively at 15'’, 25“, and 35^ ; 
and a litre ot 0*2A-Xa8H at 15^ and 25 dissolves respectively 0*129 and 0*1035 mol of 
liydrogen sulphide. 

According I 0 F. Wohler, when moist hydrogen persuljihide is enclosed in a 
sealed tube, it decomposes into sulphur and hydrogen sulphide along with a few 
transparent, colouiless crystals, which, on opening the tube, immiMliately liquefy 
and volatilize. Thi^y arc supposed to be hydrated hydrogen sulphide. Again, if 
hydrogen sulphide be passed through alcohol mixed with enough water so that the 
mixture does not freeze at —18°, octahedral crystals are jiroduced resembling ice. 
The crystals quickly disapjiear, with brisk effervescence, when removed from the 
freezing mixture ; if enclosed in a sealed tube, they disappear at ordinary timip. 
but reappear when the tube is cooled dowm to —18°. K. de Forcrand obtained 
a hydrate of hydrogen sulphide by compressing hydrogen sulphide in contact with 
water. There is a difficulty in determining the proportion of water in the hydrate ; 
in 1882, R. de Forcrand estimated indirectly that the hydrate was H 2 S.I 5 H 2 O; 
in 1883, he gave H 0 S.I 2 H 2 O; in 1888, R. de Forcrand and P. Villard gave HoS.7HoO; 
in 1911, F. E. Ch Scheffer, H 2 S. 5 H 2 O ; and in 1925, G. N. Quam, H^S.GHsO. 
P. Villard argued by analogy with other gas hydiUtes that th<* formula should be 
H 2 S. 6 H 2 O ; he found that the liquid crystallized when seeded with the hydrate 
N 2 O. 6 H 2 O, and this makes the formula HoS.bHoO probable. R. de Forcrand, in 
1902, found that, as a rule, when the 3-phavSe line o{ a dissociating compound which 
splits up into a solid and a gas reaches a vap. press, of one atm., the quotient of 
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tlK‘ lical of trauisformatioii and the absolute temp, approximates 30. The ruh' 
conforms with the formula H^S.hlDO for this hydrate, but fails with SOo.BH^O. 
F. K. C. Sclieffer and G. Moijer also showed tliat the^ assumption that the eom- 
])omid is hexahydrated hydrogen sulphide, ILH. 6 H 0 O, beat explains the )>e}iavi(>ur 
of the hydrate undfw varying conditions of temp, and press. 

Tlie soln. of hydrogi'ii sul})hide ami water separates into two layers, expressing 
the composition in niols of hydrogen sulphide per 100 rnols of water. F. E. C. Scheiler 
found 

(r iV 17' :i^}y 29 4" 2«9^ 22 9^ 18 7“ 5*8" 

KjS .01 0 5 0*8 1*2 l(i m3 07*3 98-2 99 1 99-5 

X,, - Lajer rich in H 28 Xj- Lajcr rich in U^O 

The 2 -phase hn(‘s OB (solid and vajKuir), BL (liquid ajid vapour), and B(' 
(solid and liquid), Fig. 35 , represtmt the ordinary equilibrium diagram of the hexa- 
hydrat(‘ ; the line BC refers to the system containing the hydrate, liquid*2, and 
vapour. The 3 -})hase line FL\ Fig. JI5, represents the solid hydrate, solid ’water, 
and the vapour of ice and hydrogen sulphide : n 2 S. 6 H 2 Gs()U(i^bH 20 soiid+H 2 ®gaa • 

d . . -25*85^ - 19*75° 15-8" -11 *85° -~795^ 4-95° -2-4 

n , . 22-35 30-2 39 2 43-3 51-5 58-9 65-5 


The equation of the line FC is log p- — 13337"“^4-6*7393. The 3-phase line (7> 
represents the solid hydrate, liquid water, and vapour ; lU^-bHgOgoiid^blL^Oiitiuia 
4 -HoS, 2 a« ^ refers to the hydrat^', liquid- 1 , and vapour ; C7/, to the solid hydrate, 
ice, and liquid -2 : DJ, to the solid hydrate, and the two liquids ; and DK, to the 
tw’o liquids and vapour. The quadriqde point ( 7 , at OA"" and 700 mm. press., has 
solid hydrate, ice, liquid- 2 , and vapour in equilibrium ; and the quadruple point 
Z), at and 22*1 atm., lias the solid hydrate, the twm liquids, and vapour in 
equilibrium. The thermal value* of the reaction is HgS.GIIoOsoiid—H 2 Sga. 
4-6H2OHoiia”-b*550 Cals, and of lIo^^ blloCXoM H2Sgas-t-6H20ii,,ui(i—14*270 Cals. 
R. de Forcrand and H. Fonzea-Diacon gave for the heat of formation of the solid 
hydrate : (H 2 SgR^,nH 20 iiquid)^"Ib *34 Cals. K. de Forcrand and P. Villard said 
that the temp, of formation of the crystals of the hydrate at different press., p mm., 
are : 

0 “ 1 " 2 1 ° 3 4 ° 5 - 2 “ 19 - 8 ° 28 - 6 ° 

p , .731 820 907 1048 1250 6396 12,160 


L. P. Cailletet and L. Bordet also measured the temp, of formation at diiRferent 
press., and found at 1*0^', 2 atm. ; at H"", 5*4 atm.; and at 25'", 16 atm.; and they 

gave 29^ for the critical temp, of existence, while 



R. de Forcrand gave 30'^. 

According to L. J. Th 4 nard ,22 hydrogen sul¬ 
phide, or its aq. soln., is decomposed by hydrogen 
diosade, forming sulphur and water, and, added 
A. Classen and 0. Bauer, the reaction H 2 O 2 +H 2 S 
=S 4 - 2 H 20 does not take place in the presence of 
ammonia or potassium hydroxide, for then sul¬ 
phuric acid is produced. According to C. Zenghelis 
and S. Horsch, when hydrogen sulphide is paased 
over sodium dioxide* a very vigorous action occurs 
either in the presence or the absence of air, and 


Fio. 35.—Diagrammatic Repre- if the dioxide is previously warmed, the action is 
sentation of the Effect of Tem- accompanied by a flame and the containing vessel 

Hydrated Hydrogen Sulphide. porcelain 18 attacked. The products of 

the action vary according to the conditions. The 
hydrogen of the hydrogen sulphide always goes to form water, which in its turn 
partly attacks the hydrogen dioxide. In the absence of air the sulphur forms 
sodium sulphide and polysulphides, together with a small amount of thiosulphate 
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and sulphate, and if the current of hydrogen sulphide is rapid there is a deposition 
of a small amount of free sulphur. In the presence of air scarcely any sulphide 
IS formed, but sodium sulphate and free sulphur are obtained. If the containing 
vessel is attacked owing to a very vigorous action, then the solid products have 
a blue tinge, du(‘ to the iron in the glass or porcelain. M. V. N. Swamy and 
V". Simhachelaiu found that with 98*6 p(‘r cent, lead diioxide» hydrogen sulphide, 
diluted with 5 vols. of air, does not react below 2*5 atm. press., but the dark brown 
colour becomes liglit red ; with 87*7 per cent, lead dioxide there is a reaction 
witli hydrogen sulphide diluted with 15 vols. of air. 

According to H. Moissan, fluorine inflames in contac't wdth hydrogen sulphide, 
forming hydrogen fluoride and suljihur hexachloride. A. Stock observed that at 
— 1 (X)"\ chlorine reacts with hydrogen sulphide dissolved in liquid hydrogen chloride 
to form sulphur ; no evidence of the existence of a sulphur hydrochloruh, SHCl, 
was observed. H. Rose said that chlorine, bromine, and iodine when warmed with 
hydrogen sul]>hide form sulphur and the respective hydrogen halide : HoSd-Io 
-2111 ; and if the halogen is in excess, the sulphur may form sulphur halide, 

and some sulphuric acid. A. Naumann explained the diflerent effects by the thermo¬ 
chemical data : Br 2 | H 28 -2HBr-4-8-|-15*5 Cals., and with an excess of water the 
hydrogen bromide reacts evolving 40 Cals, of heat; witli iodine in place of bromine, 
the thermal efleots are respectively 16*5 Cals, and 39 Cals. Iodine does not react 
with hydrogen sulphide alone ; indeed, M. Berthelot observed no reaction when the 
two substances are heated in a sealed tube at 500^. In the presence of water, 
iiydriodic acid is formed up to a certain value limited by the reverse reaction between 
sulphur and the halogen acid. A. Naumann said that iodine and hydrogen sulphide 
can react on each other only in the presence of water until, by the increasing amount 
of hydriodic acid in the water, the positive amount of the heat of absorption of the 
hydriodic acid has fallen from 39-0 Cals, to lG-5 Cals. M. Berthelot suggested that 
the lirnit(‘d action is due to the formation of a definite hydrate, HL 7 H 2 O, but there is 
no evidence of the formation of any such corn})ouud. For the reversible reaction 
2 Hlga«j-f 2 Ss{tiui^ 2 Iso!id+HoSpa 8 t if the bracketed symbols denote partial press., 
IHIP -A[H28], where K -1*9 <10~3 at 40*1" ; 45x10-3 at 50*1" ; 9*96x10-3 at 
60*2^^; and 47 < 10 ' 3 at 80*7“. The thermal value of the reaction is 16*8 Cals, at 50^; 
17*35 Cals, at 60 ‘; 17*12 Cals, at 60^^; 17*70 Cals, at 80^ L. B. Parsons found that 
the reaction between hydrogen sulphide and iodine is complete in absence of water 
and incomplete in presence of water, the equilibrium point reached depending on the 
water content of the solvent. In anhydrous ether, the reaction proceeds according 
to the equation : H 2 S+I 2 —2HI-I-S; and in the presence of water, a series of 
consecutive reactions occurs; these may be summed into a single equation: 
H 2 S+ 3 H 20 + 3 l 2 ^=^H 2 S 03 +flHL The changes in the course of the reaction in 
the presence of atmospheric oxygen are ascribed to the formation of ethyl peroxide 
which oxidizes hydriodic acid to iodine and water, but does not oxidize hydrogen 
sulphide. H. Heinrichs studied the reaction between iodine and hydrogen sulphide ; 
and R. W. E. Macivor, that between iodine trichloride and hydrogen sulphide. 
W. H. McLauchlan found that one vol. of 0*5A^-h3^drochloric add at 25*^ dissolves 
2*54 vols. of hydrogen sulphide. J. Kendall and J. C. Andrews gave for the solu¬ 
bility of hydrogen sulphide —S mols of H 2 S per litre, or j 8 vols. of n 2 S reduced to 
0® and 760 mm. per vol. of soln. under a press, of hydrogen sulphide of 760 mm.— 
in hydrochloric acid of normality N : 

HCl . OfST- 0 1348N. 0-6308N. l-848jV- 2-4982y^. 3-308N- 4*410.Ar. 4-874A^- 

P . 2*266 2*263 2-260 2-272 2-291 2-391 2-384 2*413 

S . 0-1023 0*1018 0-1016 0-1026 0-1034 0-1039 0 1076 0-1090 

(r. Baume and N. Georgitses measured the f.p. of th^ system : liquid hydrogen 
chloride and liquid hydrogen sulphide, and the results are indicated in Fig. 36. 
The curve is characteristic of that for solid soln., with a minimum at —117*5®. 
K. Jellinek and co-workers studied the heterogeneous equilibria with hydrogen 
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•=^u]pliule i\nd metal chlorides— silver, radmium, and manganese. L. S. Bagster 
obtained a (nrve amilogoiis with that of hydrogen chloride, Fig...%, for liquid 
hydrogen bromide and hvdroiien sulphide. Fig. 3t), vith a minimum at - 88^ with 
tS-o niolnr per cent, of hydrogim bromide ; and also for hydrogen iodide and 
Indroeen ^ul]>]nd(‘, Fig. 36, ^\ith a minimum at about - 90-8'' 'with 28*4 molar per 
( ent of hv'drogeu iodide F\']iressing concentrations in niols per litre, F. Pollitzer 
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\ J. Ihdaid found that liydrogiui sulphide inflames in contact with chlorine 
monoxide. G. Lunge and (7. Bdlitz oliscrved that an aq. soln. of hydrogen sulphide 
^ Ks ovidized by hypochlorous acid to water, sulphuric acid, 

V liydrocliloric acid, and chlorine. T. L. Phi])son said that if 

stream rif hydrogin sulpliide be directed on to a piece oi 
calcium hypochlorite, beat is generated, and the liydrogen 
SO ^ iiiid a largt‘ part of the sulphur burn at the cost of'the 

oAygeu of the hypochlorite, and chlorine is set free. W. Fcit 
/oo '^^^ and C, Kubierschky found that a soln. of hydrogen sulphide 

oxidized by iodic acid, forming water, sulphur, and iodine; 
6^0 /j bromic acid forms water, sulydnir, and bromine; alkali 

' ' iodates yield w^ater, sulphur, sulphuric acid, and iodine ; and 

Lunge and G. Bilhtz found tliat alkali bromates yield 
c\^/^ j water, suljihur, sulphuric acid, and bromine. 

0 20 ^ 60 ~h /oo According to J. Dalton,one vol. of sulphur dioxide 
Afoiorperce^/O /$<J' reacts with 2 vols. of hydrogen sulphide, at ordinary ttmi])., 
Fio Si) “ I'ree/iTu: forming water, and suljihur— along with some pcntathionic 
point ('uises with q* Thomson regarded the inixtun^ as a sulphite of 

hydrogen sulphide. M. Cluzel, and W. Schmid found that 
gon Sul[)hi(k‘. the dri(‘d gases do not react, but they do so immediately 
a trace of water is introduced into the system. From their 
study of the reverse reaction, G. N Lewds and M. Randall calculated for the reaction 
at constant press, 21128-1 80^-SSh,, 2Ho()-f() cals., (h 

619 : and 25,7P.) cals. H A. Taylor and W. A. Wesley measured the velocity 
of tin* reaction bidween sulphur dioxide and hydrogen sulphide, and found that 
the velocity of llie reaction is proportional to the surface area of the reacting 

(hamber, an^l the velocity V can be represented by 

■ - where S denotes the fraction of 

the surface covered by the mols. of tlie respective 
gases. Since s=-kp^l^ for each gas, V- 

when n ~\, and m—l. The velocity at a constant 
temp, varic.9 direoHy as the partial press, of the 
sulphur dioxide, and as the partial press, of the 
hydrogen sulphide raised to the L5th power. 
^ ^ ^ ^ The glass surface hence acts as a contact cata-Iyst; 

Molar per cent. HiS and it is assumed that each of the reacting gases is 

activated by adsorption on the surfece of the 
Jig. 3i.--Fi-eezmg-point Curve glass, and the reaction then follows between the 
of the System: SO,-H,S. molecules. G. N. Quam said that dry 

sulphur dioxide reacts vigorously with liquid 
hydrogen sulphide. W. Biltz and M, Brautigam represented the f.p. of the 
binary system: HoS-SOo by Fig. 37. W. R. Lang and C. M, Carson repre* 
sented the first reaction with the gases in 2 H 2 S+SO 2 — 3 S+ 2 H 2 O; and observed 
that with the liquids there is a slow formation of sulphur; and H. B. Baker 
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found that liquid alcohol, nrul liquid sulphur dioxide can liberate sulphur 
from the dried mixed gases, whereas carbon tetrachloride is inert. Accord¬ 
ing to D. Kl(‘in, immediate action is produced by water, ethyl alcohol, i.sobutyl 
alcohol, osoamyl alcohol, acetone, propyl ac<‘tate, benzaldehyde, and carvone. A 
slower d(‘composition occurs with methyl ethyl ketone, acetonitrile, propionitrile, 
valeronitrih', ])]u‘nylac(‘tonitrile, methyl benzoate, i.s‘obutyl acetat(‘, and ethyl 
ether. Oii the oth(‘r hand, carbon disulphide, acetyl chloride, benzoyl chloride, 
ethyl chloride, and carbon t<'trachIoride are quite inert. There a])pears to be no 
conne(;tion between the dielectric capacity or association factor of a liquid and its 
activity as a catalyst in this reaction. Many of the active liquids are known to 
form compounds with hydrogen sulphide, notably the nitriles, the aldehydes, and 
carvone. E. Matthews also found that in order to bring about the decomposition 
of a mixture of sul]>hur dioxide and hydrogen sulphide in either the gaseous or the 
li(piid state, tlu" addition of a third substance in the liquid phase is lu'cc^ssary. 
There is no rigid rc'Iationshi]) between the values of the dielectric e.onstaids of 
sul)staii(;es and tlieir cliemical activity as measured by their ability to bring about 
the interaction of liydrogen sulphide and sulphur dioxide. Hydrog('n sulphide 
and sul])hur dioxide when in liquid state do not react vigorously. The activity 
of a sabstaii(“(' in causing decomposition is dependent on the solubility of the two 
gases ill the substaiiee when liquid, or on the solubility of the solids in the liipiid 
mixture of t]i(‘ two gases. Pk Mulder showed that above 400°, both gasi's can exist 
besides on(‘ another in the presence of steam: 2H2S+S02^3Svapour‘f^HoOg.js— 
vide supra, the jinqiaration and formation of sulphur. The interaction of hydrogen 
sulphide and sulphurous acid was also discussed by H. W. ¥. Waekenroder, H. Debus, 
W. R. Lang and V. M. Uarson, etc., in connection with the polythionic acids- vide 
supra H. Debus supposed that the first reaction results in the formation of tetra- 
tJiionic acid, anil that the other thionic acids arc formed by secondary reactions. 
1. Guareschi arranged the experiment to give the sulphur in the form of vorti'X 
rings. A. (h*iitli(‘r observed tliat hydrogen sulphide is immediately deeompos(*d 
by cone, sulphuric acid, forming water, sulphur dioxide, and sulphur which dis¬ 
solves in tlie acid, forming a lilue liquid. J. W. Dobereiner obtained a similar result 
with furnishing sulphuric acid : and A. Vogel, with rectified sulphuric acid, and 
slowly with a 1 : 4-niixtiir(' of sul}>buric acid when imparities—like sulphurous and 
arsenious acids an' jin'sent. W. H. McLauehlan said that one vol. of 0*5xV'H2SO4 
dissolves 2*36 vols. of the gas at 25 H. Prinz found that hydrogen sulphide does 
not react in thi' cold with thioiiyl chloride, but at 60"^, hydrogen chloride, sulphur 
dioxide, aud sulphur are formed. A. Besson said that the reaction occurs at 
ordinary tern}), willi the dried gasi's : 2 SOCl 2 -f 2 H 2 S-4HC1+802+38 ; and, at 
higher temp., the main reaction is: 28 OCI 2 +H 28 - 82 CI 2 + 80 ^+ 211(1 ; while 
with dried sulphuryl chloride and hydrogen sul[)hide at ordinary temp., the reac¬ 
tions are: SO.ds-r - 2 HCI+ 8 O 2+8 ; and S 02 C 124 2 H 28 -- 2 Ho()+S 2 CI 2 + 8 . 
H. Prinz found that, hydrogen sulphide reacts in th(‘ cold with chlorosnlphonic 
acid with the separation of sulphur and the evolution of liydrogen chloride—when 
the mixture is distille.d, sulphur monochloride and sulphur trioxide collect in the 
receiver. According to W. Feit and (\ Kubierschkv, A. Gutbicr and J. Lohmann, 
witJi selenium dioxide, water and sehmium sulpliide are formed. 

F. E, C. Scheffer has studied the binary systiun, ammonia and hydrogen 
sulphide ; when the comjionents are in molar proportions, the maximum sublimation 
point is 88‘4° at 19 atm. press. ; and the minimum m.]). is at 116° 117°, and 150 
atm. The action on aq. ammonia, where thi' aip soln. of hydrogi'ii sulphide acts 
as an acid, has been previously discussed 2. 20, 12. According to F. Ephraim 
and H. Piotrowsky, hydrogen sulphide readily dissolves in hydrazine hydrate, but 
110 solid is obtained. With anhydrous hydrazine, however, a crystalline compound 
is obtained in the form of long needles. More hydrogen sulphide is absorbenl than 
corresponds with the formula 2 N 2 H 4 ,H 2 S, but not enough for the formula N 2 H 4 ,H 2 S. 
It is probable tliat the latter compound is formed, and by surrounding part of the 
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hyelraziiio provents further absorption of hydrogen sulphide. The compound 
readily loses hydrogen sulphide on exposure to the atmosphere, becoming lirpiid on 
ijec(Uint of the liberation of hydrazine. Its vapour tension was found to be 760 mm. 
at about 33 ^^. According to (\ Leconte, a mixture of dry hydrogen sulphide and 
tlrv nitric oxide <loes not react, but S. Cooke found that a mixture of the two gases 
explodes on the j^assage of an electric spark. 3'he reaction was studied by 
J. A. Pierce. Fuming nitric acid vigorously attacks hydrogen sulphide, and, as 
sliown by F. Kessel. A. W. Hofmann, and P. T. Austen, hydrogen sulphide bums 
Avith a yellow tiame in the vapour of nitric acid, forming white fumes thought to 
be nitrosylvsiilphonic a<‘id. A. Vogel, and N. A. E. Millon said that hydrogen sulpliide 
has no action on nitric acid freed from nitrogen picroxide; and R. Kemper found 
that purified nitric acid of sp. gr. 1*8 does nf)t act on hydrogen sulphide, but if the 
smallest trace of nitrogen peroxide is j)rescnt~a 8 is the case with nitric acid which 
has stood exposed to air—the sulphide is completely decomposed. J. W. ¥. John¬ 
ston, and C. Leconte o}*servcd that hydrogen sulphide reduces dil. nitric acid forming 
sulphur, sulphuric acid, ammonium sulphate, and nitric oxide. H. B. Dunniclifi 
and S. Mohammad added that 5 ]>er cent, nitric acid is not attacked by hydrogen 
sulphide even in the presence of nitrous fumes. Soln. of higher cone., say 43 per 
cent, nitric acid, are attacked after a more or less long interval of time. This 
induction period is removed if nitrou.s fumes are introduced or slight decomposition 
of nitric acid is induced by insolation. The addition of sulphuric acid increases 
the induction period. A 43 per cent soln. of nitric acid was used. The products 
of reaction are sulyihuric acid, nitrous acid, ammonia, sulphur, nitric oxide, nitrous 
o.xide, and nitrogen, A possil)le explanation of the evolution of nitrogen in the 
later stages is that ammonia is formed and immediately decomposed. If this is 
so, amirionia is not burned in the early stages of the reaction in any quantity though 
there is evidence to show that it might be formed later. Apparently the presence 
of sulphuric acid exerts considerable influence on the formation of nitrogen. There 
are, however, explanations for the existence of nitrogen other than through the 
agency of ammonia as an intermediate compound, and it is probable that any 
ammonia formed is the result of side reactions or minor secondary reactions. There 
is a concentration of ammonium salt below which there is no interaction with 
nitrous acid The presence of sulphuric acid affects the progress and ultimate 
products of the reaction. If to the nitric acid, sulphuric acid is added before 
passing hydrogen sulpdide, the reaction stops when the concentration of the nitric 
acid has fallen to 23 per cent, and the total sulphuric acid cone, is 15 per cent. 
These are roughly equivalent quantities, but isotonic soln. at lower cone, do not 
exhibit this stoppage in the progress of the reduction. It is probable that the 
nitric acid and sulphuric acid enter into a chemical combination which is inert to 
the action of hydrogen sulphide, but which at lower cone, become decomposed or 
dissociated and attackable by hydrogen sulphide. It is possible that the condition 
of stasis which occurs when the cone, of the nitric acid has fallen to 23 per cent., 
and that the cone, of the sulphuric acid has reached 15 per cent., may possibly be 
duo U) the combination of these two acids in soln. at these specified percentages 
which correspond very roughly with eq. quantities of the two acids, the nitric acid 
being slightly in excess. Salts of nitrato-sulphuric acid, HNO 3 , H 2 SO 4 or (H 0)2 
-NO.OSO 2 /OH, e,g, KN 03 ,KHS 04 or HN 03 ,K 2 S 04 and NH4NO3, corresponding 
with the constitution (NH 40 }.N( 0 H). 0 .S 02 .( 0 NH 4 ), have been obtained. It may 
be assumed that a compound 2 HNO 3 .H 2 SO 4 , or (H 0 ) 2 =N 0 . 0 .S 02 , 0 .N 0 '=( 0 H) 2 , 
may be formed in soln., and that this compound does not react with hydrogen 
sulphide. According to G. Lunge and G. Billitz, nitric acid and some nitrates 
form with the aq. soln. of hydrogen sulphide, sulphur, sulphuric acid, nitric oxide, 
and ammonia; a^iua regia forms sulphuric acid; and, according to M. Gorlich 
and M. Wichmann, nitrites react with the aq. soln : KNO 2 + 3 H 2 S—KOH +38 
-fNH 3 +H 20 , and if an excess of hydrogen sulphide be present, a hyposulphide is 
formed. L, S. Bagster found that the products of the reaction of a soln. of nitrons 
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acid with hydrogen sulphide vary with relative cone. With appreciable cone, of 
nitrous acid, the reduction products are chiefly nitric and nitrous oxides ; with 
small cone, of nitrous acid, they are ammonia and liydroxylamine, the proportions 
of which vary according to the cone, of sulphide ion in soln. Nitric and nitrous 
oxides are regarded as products of hyponitrous acid formed primarily. The ])ro- 
portion of sulphur trioxide to free sulphur is small even with fairly cone, nitrous 
acid soln. unless the hydrogen sulphide cone, is small. Hydrogen sulphide reacts 
slowly with ammonium nitrite, converting it into ammonia. The rate of reaction 
is diminished by the addition .>* ammonium sulphide and increased by addition of 
jiolysulphide. It is suggested that the polysulj>hide ion is more acidic than the 
sulphide ion and would thus furnish a greater cone, of reducing ions in soln. 

A. Colson found that although dry silver phosphate and pyrophosphate 
are not attacked by dry hydrogen sulphide at 0 ^, the action becomes distinct 
at 15'" to 2 ()\ and ra[)id at lOO"*. Dry zinc phosphate is not appreciably attacked 
between and 9®, but the action becomes marked at 100 *“', and rapid at 160*^. 
Experiments at lOO'^ show that the mass of hydrogen sulphide decomposed by 
zinc ])hosphate in unit time and at a constant temp, is proportional to the square 
of the press. Dry cupric phosphate and orthophosphate, on the other hand, 
absorb hydrogen sulphide slowly but continuously at 0 "^. The rate of the reaction 
is greatly reduced if the press, is lowered, but is accelerated by a rise of temp. 
The decomposition of silver phosphate or iijTOphosphatc by hydrogen suljihide 
develops more heat than the decomposition of the corresponding cupric salts, 
and hence there seems to be no connection between the heat of decomposition 

and the temp, at which the reaction will take jilace. When dry hydrogen 

sulphide is brought in contact with silver phosphate, the gas is at first absorbed 
somewhat rapidly, then more slowly, and finally a condition of ('quilibrium is 
reached in about 3 days, the pressure of the residual gas being 125 mm. at 12'’ ; 
the equilibrium is not appreciably affected by increasing the press, of the gas, but 
is at once disturbed by a rise of temp. At 199°, the reaction rapidly becoiru^s 
complete. Similar phenomena were observed with silver pyrophosphate ; the 
higher the temp., the greater the amount of change before equilibrium is established, 
and the lower the press, of the residual gas. The reaction between a chlorid(‘ and 

a non-volatil(3 acid is endothermic, and that between metallic salts and hydrogen 

sulphide is exothermic, but in both easels a rise of tern]), promotes the reaction and 
a fall of temp, retards it. G. S. Serullas observed that hydrogen suljdiide reacts 
with phosphorus trichloride, forming hydrogen chloride and phosjihorus trisulphide; 
w’hile E. Baudrimont represented the reaction with phosphorus pentabromide : 
H«S+BBr 5 “PSBr 3 + 2 HBr; and similarly with the reaction with phosphorus 
peutachloride. A. Besson found that phosphoryl chloride reacts with dry hydrogen 
sulphide at 0°, forming solid P 2 O 2 S 3 ; and at 100°, liquid P 2 O 2 SCI 4 . J. Myers 
represented the reaction with arsine : 3 H 2 S+ 2 A 8 H 3 ™As 2 S 3 + 6 H 2 . In air at 
ordinary temp., the arsine is first oxidized and the product is then converted to 
trisulphide ; at 230°, in the absence of air, arsenic and arsenic sulphide are formed. 
0. Brunn found that with stibiue hydrogen sulphide reacts in the absence of air 
and in darkness, forming antimony trisulphide ; the reaction proceeds more quickly 
in light. Quinquevalent vanadium salt soln. are reduced to the quadrivalent 
state by hydrogen sulphide —tnde vanadic acid. 

H. Kohler ^6 found that if a mixture of hydrogen sulphide and carbon dioxide 
be sent through a red-hot tube, the reaction can be symbolized: C 02 -fH 2 S™S 4 -C 0 
+H 2 O, with the possible formation of carbonyl sulphide, discussed by R. Meyer 
and S. Schuster. A. Gautier represented the reaction: 8 C 02 + 9 H 2 S= 3 C 0 S 

+ 5 C 0 -fH 2 + 8 H 20 + 6 S ; and said that carbonyl sulphide has been noted 
by several observers in vlocanic gases, and in sulphuretted waters in volcanic 
neighbourhoods. The condensation of acetylene and hydrogen sulphide to form 
thiophen was studied by A. E. Tschitschibabin, W. Steinkopf and J. Herold, 
W. Steinkopf and G. Kirchhof!, V. Meyer and T. Sandmeyer, P. Sabatier and 
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A. Maillie, and M. U. Tomkinsou. The liquefaction of mixtures of sul|>luir dioxide 
and ethane was studied by W. Mund and P. Herrent; and the propagation of 
flame in mixtures of hydrogen sulphide with methane and with carbon disulphide 
by A. G. White. Hydrogen sulphide is soluble in carbon disulphide. W. Biltz 
and M. Briiiitigam rei)reaented the f.p.of mixtures of carbon disulphide and hydrogen 
sulphide by the curve, Fig. 38, The thiohydratedcarbon disulphide* CS2.II28, may 
be a thiocarbonic acid, Hof ^83 ; and the compound hexathiohydrated carbon 
disulphide* CS2.6H0S, corresponds with COo.GHoO. The f.p. curve of mixtures of 




.‘}8.—Fix^eziug-point ('luves 
in the System : Jhl.^S-CSj. 


Freezing-point Cm \e ef 
t)\e System : (X I4-H2S. 


carbon tetrachloride and hydrogen sulphide is shown in Fig. 39. Hydrogen siil* 
phide is soluble in ethyl alcohol ; N. T. de Sauvssure found that 1(X) vols. of alcohol 
of sp. gr. 0*84 absorb 60() vols. of the gas; while L. Carius found that one vol. of 
alcohol at and 780 mm. press, absorbs the following amounts of gas reduced to 
0° and 760 mm : 

0" 5^^ 10^ 15" 20" 2r 

HjS . . 17-891 14-77G 11-992 9-539 7-415 5-955 votv 

or one vol. of alcohol absorbs N^I7‘891 —0*655980“1-O*(X)6G10“ vols. of hydrogen 
sulphide. W. H. McLauchlan also obtained values for the solubility of the gas in 
alcohol, (f. Baume and F, L. Perrot measured the f.p. of mixtures of hydrogen 
sulphide and methyl alcohol* Fig. 36- There is a eutectic at - -132*9°. A. M. Wasi- 
lieff made some observations on this subject. Hydrogen sulphide w'as found by 
W. Higgins to be soluble in ether ; and G. Baume and F. 1j. Perrot measured th(‘ 
f.p. of mixtures of methyl ether and hydrogen sulphide, Fig. 36, and obtained 
eutectics at —163*7° and “137*6° with a maximum at --148*6° corresponding 
with (CHyjoO.HgS. A. M. Wasilieff made some observations on this subject. 
For the solubility in v(ds. of hydrogen sulphide dissolved by one vol. of a soln. 
containing th(‘ following number of mols of acetic acid* CHgCOOH, in ICX) mols of 
water at 25°, W. H. McLauchlan gave : 

0 8 85 21 0 53-5 C7 8 98-58 

. . 2-01 2-56 2-61 3-16 3-65 9-94 voIh. 

and for the solubility in one vol. of xY-tartaric acid, he gave 2*46 vols. of gas, and 
in 3iV-G4H303, 2-24 vols. ; one vol. of a soln. of 60*1 grms. of urea per litre, dis¬ 
solved 2*66 vols. of gas: and one vol. of a normal soln. of ammonium acctate* 
2*84 vols. of gas. K. F. Marchand found that hydrogen sulphide is soluble in 
methyl acetate. A W. Ralston and J. A. Wilkinson studied the thiohydrolysis 
i>i the thioacetic ethers in liquid hydrogen sulphide; and R. E. Meints and 
d. A. Wilkinson, the thiohydrolysis of furforaldehyde. P. H. Lepage showed 
that glycerol dissolves less hydrogen sulphide than water ; and W. H. McLauchlan 
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found that one vol. of pure glycerol dissolves 2-2G vols. of the gas. Hydrogen 
sulphide is insoluble in caoutchouc. D. L. Hammick and W. E. Holt studied 
ternary systems of sulphur with quinoline, pyridine, and p-xylene. M. Berthe- 
lot 26 found that hydrogen sulphide completely displaces hydrogen cyanide 
from soln. of the all^i cyanides, and in dil. aq. soln., (lL>S,2KCy) 4*7 Cals, ; 
(Na 2 S, 2 HCy) “3*2 Cals. ; (Na.S.HCy)--3-1 Cals. ; (NaIIS,HCy )-0 Cals. ; and 
(Nao 8 ,KCy )-'0 Cals. If hydrogen sulphide be added to a soln. of silver cyanide 
in an excess of potassium cyanide, a brown coloration is produced and subse¬ 
quently a ])reci])itate, but tlie filtrate contains a silver salt, hydrogen cyanide, 
and hydrogen sulphide. In the j^resence of a slight excess of jKdassium cyanide, 
the action of the hydrogen sulphide is complete; a considerable excess of 
the cyanide is necessary to keep the siKer in soln. Sodium siil])hide behaves 
like hydrogen sulj)hid<‘. In the soln. there is a complex condition of equilibrium 
between hydrogen sulphide, hydrogen cyanide, and silver potassium cyanide, 
depemhmt on tlie relativ(‘ stability of hydrog^ui silver cyanide and silver potassium 
cyanide, which is increas<*<l by the })r{‘senc(‘ of (‘xcess of potassium cyanide, but 
reduced by an increase in ttmip or tin* addition of acetic acid. The decomposition 
of silver potassium cyannle by hydrogen sulphide produces no thermal disturbance, 
and th(‘ occurrence of the reaction is determined by the removal of the silver 
sulphide from the sphere of action. In the presence of excess of potassium cyanide, 
which produces a develof)UH'nt of heat over and above that corresponding with th(' 
formation of silver potassium cyanide, there is no precipitation. If the pure double 
cyanidi' is mixed with a quantity of hydrogen sulphide insufficient for complete 
])reci])itation, an intermeiliate condition is produced, and there is development of 
lu*at. The action of potassium cyanide soln. on freshly precipitated silver sulphide 
also causes considerable development of heat. The condition of equilibrium corre¬ 
sponds with the proportion 2AgK{(^N)2+K2S-f92KCN, a double cyanide and 
sulphide being formed with development of heat. With mercuric potassium 
cyanide, the preeipitation is eomjxlete ; and with zinc potassium cyanide, tln^ 
precipitation is slow, and if potassium cyanide is in sufficient excess there is no 
precipitation. E. Baumann studied the action of hydrogen sulphide on aldehydes* 
and cyanic acid ; E. F. Smith and H. F. Keller, on the metallamines ; and 
W. Schneider the action of the gas on sugars —dextrose furnishes thioderiv^atives ; 
the hexoses-—(/-galartos(\ (/-mannose, and (/-fructose— act more rapidly than 
dextrose ; the action with /-rhamiiosc and /-arabinose is similar ; lactose and 
maltose react slowly ; and a-methylglucoside and mannitol do not give thio- 
d(‘rivativ(‘s. W. A. Plotnikoif obtained compounds with aluminium bromide and 
ethyl bromide, ethylene bromide, and bromolorm. J. U. Nef studied the action 
of hydrogen suljihide on silver fulminate ; and L. Cambi, on mercury fulminate. 
E. Schmidt showed that many of the alkaloids — e.g. stryclinine, brucine, veratrine, 
nicotine*, conine, cinchonine, etc.- -react with hydrogen sulphide to form crystalline 
additive compounds. 

U. Antony and G.'Magri 27 reported that liquid hydrogen sulphide is a good 
solvent with small ionizing power, and U. McIntosh and co-workers observed that 
it dissolv'es metal salts sparingly ; it dissolves hydrogen chloride and bromide 
without forming conducting soln.; but a number of organic compounds form con¬ 
ducting soln.— e.g. amines, acid amides, alkaloids, ketones, ether, methyl alcohol, 
phenols, organic acids, and ethers. Hydrogen sulphide is employed as a reducing 
agent— e,g, in converting ferric to ferrous salts, etc. —and L. Cohn 28 has discussed 
its use as a reducing agent in organic syntheses. 

P. Sabatier 2 » found that when boron is heated in hydrogen sulphide, boTon 
sulphide is produced ; while silicon furnishes silicon sulphide. The f.p. of the 
system boron trifluoiide and hydrogen sulphide has two eutectics—one at •—147*5^, 
and the other at 137*5^, Fig. 36. The maximum at —137° corresponds with boron 
trilBuodihydrosulphide, BF 3 .H 2 S ; and there is a transition point at —99° corre¬ 
sponding with boron trifluotetradeeahydroheptasolphi BF 3 . 7 H 2 S. M. Blix 
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ound that only in the presence of aluminium chloride does boiling silicon tctra- 
bromide react with hydrogen sulphide, forming silicon dibromosilicide. Many 
natural silicates were found by P. Didier to be attacked by hydrogen sulphide at 
1400°. There is a change of colour, and the silicates become more soluble in acids, 
part of the metallic constituents having been converted into sulphides. The 
quantity which becomes solubh* varies with the nature of the mineral from about 
7 per cent, with peridote to 45 per cent, with powdered commercial cerite. In 
most cases a small quantity of sulphuric acid is formed, and condenses in the cool 
part of the tube. The silica displaced by the hydrogen sulphide remains m the 
free state, usually iiomcrystalline, or in some cases forms more acidic silicates. 
Occasionally an annular deposit forms in tlie cool part of the tube, consisting either 
of silicon or a silico-formic compound. 

.F. L. (Tay Lussac and L. J. Thenardfound that when hydrogen snlpliide 
is heated in the presence of potassium or SOdium, the alkali hydrosulphide is formed : 
2 K+ 2 H 2 S~ 2 KSII-f H 2 ; hence, 2 vols. of hydrogen sulphide furnish one vol. 
of hydrogen : with tin, stannous sulphide is formed and the hydrogen sulphide 
furnishes its own vol. of hydrogen. V. Merz and W. Weith found that the dried 
gas does not act on copper or silver unless air be ]>resent. If a mixture of air 
and hydrogen sulphide be passed over powdered copper, the mixture is sometimes 
heated to redness by the heat developed during the reaction : 4Cu+2H2»j^+D2 
2HoO-f 2 CU 2 S ; with oxygen in place of air, the mixture is always heated to 
redness, and the cuprous sulphide is sintered together. J. B. Fournier and F. Lang 
obser\"ed no apparent alteration of copper after immersion for eleven years in liquid 
hydrogen sulphide at ordinary temp., or for 15 days at temp, up to 60°. According to 
M. Berthelot, the decomposition by copper begins at 50(3°, and by silver and mercury 
at 500° ; mercury is not afEected in the cold. According to M. Berthelot, when a 
mixture of hydrogen sulphide and oxygen is left in contact with mercury, the 
surface of the latter is slowly converted into sulphide, but the reaction does not 
continue unless the surface of the mercury is constantly renewed. The complete 
reaction would develop +74*8 Cals. H. St. C. Deville and L. Troost, and R. Lorenz 
studied the reaction with silver ; and R. Lorenz, the action of the gas on nickel, 
zinc, and cadmium ; and S. Meunier, on an iron-chromium alloy. G. Taimnann 
and W. Koster studied the rate of attack of hydrogen sulphide on the metals. 
The action is rapid with copper and manganese ; slower with silver ; and slower 
still with le^d. No change was observed with zinc, cadmium, tin, aluminium, 
antimony, bismuth, chromium, iron, cobalt, and nickel after several days’ contact 
with the gas. J. B. Fournier and F. Lang found that aluminium and iron behaved 
like copper towards liquid hydrogen sulphide. Thespecific actionof hydrogen sulphide 
is discussed in connection with the indi\ddual metals ; a similar remark applies to 
the metal oxides, and the metal salts. The relative affinity of the metals for sulphur 
has been discussed in connection with elemental sulphur.According to I. Guare- 
schi, hydrogen sulphide is readily absorbed by soda^lime, which becomes black, 
possibly owing to the presence of impurities and the formation of iron sulphide. 
This reaction is attended with the development of a very considerable amoimt 
of heat, and when the current of gas is mixed with air the soda-lime becomes 
incandescent, whilst replacement of the air by oxygen results in a violent explosion. 
This incandescence is observed only with freshly prepared sodadime, which should 
consist of granules 1 to 3 mm. in diameter. 100 grms. of soda-lime absorb 
as much as 35 litres of hydrogen sulphide. The incandescence observed when a 
mixture of air and hydrogen sulphide is passed over soda-lime also occurs when the 
latter is replaced by a mixture of lime or, more especially, barium OZlda with 
sodtium or potassium hydroxide, even when the latter is present in relatively small 
proportion; potassium hydroxide is more effective than sodium hydroxide. A 
negative result is obtained when the lime or baryta is replaced by beryllium oride* 
The incandescence cannot be attributed to the presence or formation of peroxides ; 
the alkali peroxides (not of recent preparation) act almost like hydroxides, and 
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barium, magnesium, and lead dioxides have noaction. Mixturesof calcium or barium 
oxide with mercuric oxide or nickel oxide also react vigorously with hydrogen 
sulphide and, when the constituent oxides are in definite proportions, vivid in- 
tiandescence or even explosion takes place. When incandescence occurs witli 
mercuric oxide,sulphur dioxide is formed,and this reacts with the hydrogen sulphide, 
giving colloidal sulphur, which is precipitated by water in a special, blue form. 
No incandescence is observed when hydrogen sulphide acts on pumice and mercuric 
oxide, or on a mixture of calcium or barium oxide with cuprous or CUpric oxide, 
lead oxide, or ferric oxide. H. B. Dunniclifi and S. D. Nijhawan foimd that when 
hydrogen sulphide is passed into a neutral soln. of potassium permanganate, the 
products are colloidal manganese dioxide, sulphur, and potassium sulphate and 
thiosulphate: 10 KMnO 4 + 22 H 2 Sr= 3 K 2 SO 4 + 2 K 282 O 3 + 10 Mn 8 + 22 H 2 O+ 5 S. The 
colloid afterwards coagulates. An excijss of hydrogen sulphide furnishes man¬ 
ganese sulphide ; and at the same time the dithionate passes into sulphate, and 
sulphur separates partly in a colloidal form. The property possessed by the iron 
hydroxides of removing hydrogen sulphide from coal-gas has been utilized for 
many years. The subject has been discussed by W. A. Uunkley and R. D. Leitch, 
and T. G. Pearson and P. L. Robinson— ride iron sulphide. H. B. Dunnicliff and 
(1 L. 8 oni studied the action of hydrogen sulphide on chromates— q.v .— 2 H 2 Cr 04 
4 31l2S.-2Cr(OH)3-f 2 II 2 O 4 - 3 S. 

G. N. Quam studied many reactions with liquid hydrogen sulphide as solvent. 
Salts with hydrogen sulphide of crystallization, or sulphohydrate, were prepared 
by W. Biltz and E. Keunecke32 —; BCI 2 . 2 H 2 S ; AICI 3 .H 2 S; 
AlBrg.HgS (studied by 8 . Jakubsohii); AII 3 . 2 H 2 S; AII 3 . 4 H 2 S; TiCl 4 .Hc.S; 
Ti(l 4 . 211 oS; TiBr 4 .H 2 S; TiBr 4 , 2 H 28 ; SnCi 4 . 2 H 28 ; and SnCl 4 . 4 H 2 S. E. Baud 
also prepared A 1 CI 3 .H 2 S, with aluminium chloride and liquid hydrogen sulphide at 
—70''; and at —45', 2 AICI 3 .H 2 S appears. W. A. Plotnikoff prepared AlBr 3 .H 2 S. 
H, R. Chapman and U. McIntosh found that iodine, triwobutylamine, tripropyl- 
amiiie, and untimori}^ trichloride form conductive soln. with liquid hydrogen sulphide. 
R. W. Borgeson and J. A. Wilkinson, R. E. Meints and J. A. Wilkinson, and 
A. W. Ralston and J. A. Wilkinson studied reactions with organic compounds in 
the liquified gas. 

According to R. E. Hughes,33 hydrogen sulphide, when thoroughly dried, acts 
as an acid anhydride, since it does not react with man)^ thoroughly dried metal 
oxides and salts. An aq. soln. of the gas acts as a weak dibasic acid— hydro- 
sulphuric acid— forming a st^ies of sulphides of the type R 2 S, which may be regarded 
as normal sulphides. If only one of the hydrogen atoms is displaced by a metal, 
hydrosulphides of the type R.SH arc formed. R. de Forcrand compared the chemical 
function of water,H 2 O, with that of hydrogen sulphide, H 2 S; in other words; Are the 
two compounds constituted alike? From the equations H 20 Boia.+Na 8 oin.—Hgas 
-fNaOHsoin +31-19 Cals.; and NaOHgoio.+Nagoin ~Hgas+Na 20 .,oin.~~ 11*685 Cals., 
it follows that the quantities of heat developed during the successive replace¬ 
ment by sodium of the hydrogen atoms in the water molecule differ by 42*875 Cals., 
which is an abnormally large difference. The corresponding heat changes for the 
action of sodium on hydrogen sulphide are 44*45 and 31-80 Cals., giving a difference 
of 12*65 Cals., and a mean value of 38*12 Cals. When the hydrogen atoms of the 
hydroxyl groups of catechol are successively replaced by sodium, the amounts of 
heat developed, are 43*61 and 33*08 Cals, respectively, the difference being 38-42 
Cals. From these numbers, R. de Forcrand concluded that hydrogen sulphide, 
considered thermally, is a true diphenol with the formula H— 8 —H, but that water 
is not a symmetrical compound and must be represented by the formula H—OH. 
J. Thomsen also concluded from his thermochemical observations that in a wet way 
only one hydrogen atom is replaceable by a metal, so that the constitution is H(SH), 
and that the acid in aq. soln. is monobasic, consequently, R(SH) represents a 
neutral salt. The sulphide K 2 S is considered to be a molecular mixture of H(SK) 
and H(OK); and CaS, as a basic sulphide or oxysulphide, (H8)Ca(0H). H. Kolbe 
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said that this hypothesis is supported hy the fact that water decomposes normal 
barium sulphide, BaS, into the hydrosulphiile and hydroxide : but not so with 
sodium sulphide, Na^S. A soln. of sodium sul])hide, Na 2 H. 9 H 20 , when boiled 
with potassium ethyl sulphate, should yield mercaptan without any admixture of 
ethyl sulphide, if the action of water effected its complete decomposition into sodium 
hydrate and sodium hydrosulphide or sulphydrate. H. Kolbe found, however, that 
(‘thyl sulphide is the principal product of th(> reaction, being accompanied by more or 
less mercaptan, according to the cone, of the soln. employed ; the more dil. the soln. 
the larger being the proportion of mercaptan, lie therefore inh^rred that the 
metallic sulphidt^s are only partially decomposed into hydroxides and hydrosulphides 
by soln., the extent of the decomposition depending on the proportion of w^ater 
present. Observations on the electrical conductivity of the soln. also favour llie 
hypothesis that hydrogen sulphide in aq. soln. is a dibasic acid whos(* two hydrogen 
can be displaced one by one, forming the respective ions HS' and 8 ". K. J(‘llinek 
and J. Czerwinsky inferred from the groat difference in the ionization constants and 
th(‘ heat of ionization of hydrogen sulphide that the molecule must possess an 
asymmetric structure. The sulpliidt\s and hydrosulphides are discusst'd in con¬ 
nection with the respective metals E. Pietsch and co-workers studied the action 
of hydrogen sulphide on crystals of copper suljdiate. 

Sk>me reactions of analytical interest.-^ Dii. sulphuric acid det omposes all soluble 
and some insoluble sulphides wnth the evolution of hydrogen sulphide ; wliil(‘ thi‘ 
cone, acid decomposes all the sulphides wlien w^armed, forming sulphur and sulphur 
dioxide: NuoS+- 2 H 2 SO 4 Na 2 S 04 -^ 2 H 20 4-802 ^ 8 ; the sulpliur itself may also form 
sulphur dioxide under these conditions: 8 V^H 2 ^^^ 4 “ 2 II 2 O 438 O 2 ." A black 
precipitate of silv<‘r sulphide is produecnl by silver nitrate ; the jm^cipitate is 
insoluble in cold nitric acid, but soluble in the warm acid ; lead salts give a black 
precipitate of lead sulphide ; paper saturated with a soln. of lead acetate is a 
eommon form of applying the test for the gas. A soln. of barium chloride uives 
no precipitate. According to E. Tiede and F. Fischer,if a soln. of mercuric 
chloride be added drop by drop to a cone, hydrochloric acid soln. containing 
a little hydrogen sulphide, a lemon-yellow turbidity or })recipitat<* is formed. The 
reaction is said to be very sensitive. A reddish-violet colour is produci‘d when a 
soluble sulphide—not hydrosulphide—is treated with sodium nitroprusside. Henn* 
a soln. of hydrogen sulphide does not give the reaction except when treated witli 
alkali-lye. A number of other tests based on the reducing action of the gas could 
be devised. Thus, according to D. Ganassini, a solu. of 1*25 grins, of 
molybdate in 50 c.c. of water is mixed with a soln. of 2*5 grins, of potassium thio¬ 
cyanate in 45 c.c. of water, and to the mixture arc added 5 c.c. of hydrochloric acid. 
The reagent will keep for a few days when placed in the dark. A strip of filter- 
])aper or a porcelain slab moistened with the reagent when cxpos(‘d to vapours 
containing hydrogen sulphide will turn red. In the so-called methylone-blue test 
of N. Caro and E. Fischer, the aq. soln. of hydrogen sulphide is treated with ono- 
fiftieth vol. of cone, hydrochloric acid, a few grains of paramidodimethylaniline 
sulphate are added, and when this is dissolved, i to 2 drops of a dil. soln. of ferric 
chloride. In the case of a soln. containing 0*(XXXJ9 grin, hydrogen sulphide in a litre 
of water, coloration took place in a few minutes, and in half an hour the liquid had 
assumed a strong blue colour, which lasted for days. A soln. of the same cone., 
but without hydrochloric acid, yielded only a light brown coloration with lead 
acetate. In a soln. containing 0"0000182 grm. of hydrogen sulphide in a litre of 
water, the methylene-blue reaction still gave a distinct blue coloration, whilst no 
effect was produced either by lead acetate or sodium nitroprusside. This reaction 
is therefore recommended as the most delicate and certain test for neutral or acid 
soln. of hydrogen sulphide. Numerous ozidizmg agants—the halogens, nitric 
acid, chromates, permanganates, ferric salts, etc.—decompose hydrogen sulphide 
with the separation of sulphur. Silver is blackened by free hydrogen sulphide, 
or by soluble sulphides. The blackening occurs only if air or oxygen be 
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j»u*bOut : 2 Ag-]-Jl 2 ‘S }-()(air) HoO+Ag^H; or 2 Ag+Na 2 S-| HoO i ()(aii}- 2Na()H 
H-Ag.S. 

Hydrogc'u sulphide* is a valuable reagent. In 1831, J. von Liebig,iii a Note sur 
la separation de qnrhjucs oxides metal/iqnes daiis VanaJijse chimlqiie, 'dK)wed that its 
reactions witli the dillere'nt metal salts enable tin* metals to bo separat(‘il iiito grou})s 
as a preliminary to more detailed examination. Thus 

f. Snlpliido'^ iiiKolublc in (til. acids. 

(a) Soluble in alkaline .sulphides -anseiin-, anlnnony, stanuie, ;.^oid, ^^ortuaniurn, 
molybdenum, telluruiin, timgston, iridium, and jilatinuin sulphide.s. 

(h) Insoluble in alkaline sulphides' Tner<-ur\ , silver, lead, coppei. bisinulli. ( adniiiiju, 
and stannous sulphides. 

If. Sulphides soluble in dilute mineral aeid.s but insoluble in the ju-esfaiee ol alkalies - 
iron, eobalt. nickel, inaiigane.se, and zinc sulphides, 

III. Sulphides not preeii»itated by hydrogen snljiiude - cliroiniuin, <iluininiuin, nuig- 
iu*'sium, barium, Htrontium, calc ium, potassium, and sodium. Chromunu and ulnmirmun 
Hn> precipitated as h}droxid(*b. 

An alternlitive schcim* for tlie grouping of tlie elements for the jmrpo.se of 
analysis is based on the liehaviour of solutions of their salts towards ammonium 
sulphide. 

1 , 8ulphjdc*s soluble in ammonium sulphide- arsenide, antimon>, and tin. 

2 . Sulphides or hydioxides precipitated by ammonia and ammomum sulphiile. 

(а) Ins(.)luble in cold cldutcdiydrochlorie acid- mercury, l(*ad, bismutli, cadnuum, copfxT, 
nickel, and cobalt. 

(б) Soluble in (‘old dilute hydrocliloric acid - zinc, magane.se, iron, aUunimum, and 
chromium. 

Silver, lead, and mercury can bo first preeijntated by hydrochloric acid, and liarium, 
strontium, calcium, and lead by sulphuric acid. Other moditicatioii.s can be 
introduced. 

The method of classifying certain elem(‘nts into groups - those wliich form 
soluble and those wliich form in.soluble sulphides in hydrochloric acid--fn‘quentlv 
conveys wrong ideas of the properties of the sul])hides. The solubility of the 
sulphides depends ujion the cone, of the acid. For instance, if hydrogen sulphide 
be pas.sed into 5 c.c, of a aoln. of 2 grms. of tartar emetic—potassium antimony] 
tartrate —in 5 c.c. of liydrochhjric acid (,sp. gr. 1-175) and 85 c.c. of water, antimony 
sulphide will lie pr(*cipitated, but not if 15 c.c. of hydrochloric acid had been 
employed without the water. In one case, 2SbCl3-1-31128~-Sb 2 S;j -l-t)HCl; and 
in the second case, Sb 2 S 3 d-bHCI SSbCls. In other words, tlu* antimony 

sulpliidi’, in the second case, is decomposed by the acid as fast as it is formed. 
Similarly, no lead will be precipitated by hydrogen sulphide from a soln. containing 
3 per cent, of hydrochloric acid, HCl ; and if the soln. has 2*5 jier cent, of acid, the 
lead sulphide will be iinjierfectly precipitated— t.e. part will be precipitated, and 
part will be decompos(‘d as fast as it is formed. Similarly, a 5 per r ent, boiling 
soln. of hydrochloric acid will prevent the precipitation of cadmium sulphide. 

If a metallic sulphide, MS, be treated with hydrochloric acid, hydrogen sulphide 
and a metallic chloride will be formed: MS“(-2HC1--Conversely, 
when a metallic chloride in aq. soln. is treated with hydrogen sulphide, the metallic 
sulphide and hydrochloric acid will be produced : MCI 2 +H 2 S-- MS+2HCI. Hydro¬ 
chloric acid thus accumulates in the soln. as the action goes on. If any more sul¬ 
phide be produced, after the hydrochloric acid has attained a certain limiting 
concentration, the excess of sulphide will bo at once decomposed by the acid. 
There are then two simultaneous opposing reactions : (1) Formation of tlie metallic 
sulphide and hydrochloric acid ; and (2) formation of chloride and hydrogen 
sulphide. In illustration, if a current of hydrogen sulphide be passed through a 
sat. soln* of JEinc chloride, part of the metal is precipitated, but when the hydro¬ 
chloric acid has attairu‘d a certain concentration, the action appar(*ntly ceases 
because the reverse change sets in. Hence, the precipitation will be incomplete. 
In illustration, take the case of lead chloride : Ptel24*H2SF^PbS f 2HLI. When 
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equilibrium is established, the soln. contains lead chloride, hydrogen sulphide, and 
hydrogen chloride. Using symbols in square brackets to represent the cone, 
(g. mol. per litre) of the respt‘ctive compounds in the soin., it follows from the 
equilibrium law, that: [PbCL]x[H 2 Sl™A[HClp. This shows that if the cone, 
of the acid be increased, and tlie cone, of the hydrogen sulphide be constant, the 
amount of lead chloride which remains in soln. (that is, escapes precipitation) will 
increase in order to keep the niimcTical value of the “ constant ’’ always the same. 
Conversely, if it be desired to keep the amount of lead chloride in the soln. as low 
as possible, it is necessary to keep the cone, of the acid down to a minimum value. 
A certain amount of acid is usually required to keep other metals in soln. ; zinc, for 
example. See the individual metals. 

The cone, of the hydrogen sulphide in the soln. is practically constant (0-0073 
mol, per litre at 20 "") when the gas is passing through the soln. If the cone, of 
the hydrogen sulphide were large and the cone, of the metallic chloride small, a 
very large excess of acid would be needed to prevent metal being precipitated by 
the hydrogen aul])hide. It will be observed, however, that the cone, of the hydrogen 
sulphide under ordinary circumstances is small. In con 8 (*ciuence, a comparatively 
small amount of acid suffices to prevent the separation of sulphides of zinc, iron, 
nickel, cobalt, and manganese. If the solubility of the hydrogen sulphide has been 
greater than it is, some of the metals—zinc, iron, nickel . . .—would have been 
included in the “ hydrogen sulphide group ” ; and conversely, had the solubility 
of hydrogen sulphide been less than it is, some of the present members of tin* 
hydrogen sulphide group ’’ would not have been there. For instance, tin, lead, 
cadmium. . . . Molybdenum is precipitated incompletely under ordinary press., 
but if the soln, be warm and the press, of the gas be increased, it can be completely 
precipitated. This subject was discussed by G. Bruni and M. Fadoa. 

Under ordinary conditions, the solubilities of the sulphides in hydrochloric acid, 
starting with the least soluble, are approximately in the order : Mo, Pt, Au, As, Ag, 
Cu, Sb, Bi, Sn(ic), Hg, Cd, Pb, Sn(ou 8 ), Zn, Ti, Fe, Ni, Co, Mn. As shown by 
G. Bodlander, W. Bottger, and 0. Weigel, the conditions of precipitation affect the 
results to some extent. G. Bodlander gave for the solubilities in mols 10® X per litre, 
MnS, 71-6 ; ZnS, 70-1 ; FeS, 70-1 ; CoS, 41-62 ; NiS, 39-87 ; CdS, 8-836 ; ZnS, 6-63; 
86283 ,5-2 ; PbS, 3-60; CuS, 3-51; CugS, 3-10; AsgSg, 2 - 1 ; SnSg, M3; AggS, 0-552 ; 
61283 ,0-35; SnS, 0*14 ; and Hg 2 S, 0-054. Elements wide apart in the list can be 
easily separated by hydrogen sulphide in acid soln., but elements close together in the 
li.st require a very careful adjustment of the amount of acid in soln. before satis¬ 
factory separations can be made. For instance, the separation of cadmium or lead 
from zinc by means of hydrogen sulphide is only satisfactory when the cone, of the 
acid is very carefully adjusted. If too much acid be present, cadmium or lead will 
be imperfectly precipitated ; while if too little acid be present, zinc will be pre¬ 
cipitated with the cadmium or lead. Hence there is no sharp line of demarcation 
between metals precipitated and metals not precipitated by hydrogen sulphide from 
acid soln. All depends upon the cone, of the acid. This is arbitrarily adjusted so 
that antimony, arsenic, lead, bismuth, cadmium, copper, mercury, and tin are 
precipitated by making the vol. of the soln. such that it contains approximately 
4 c.c. of hydrochloric acid (sp. gr. 1*12) per 100 c.c. before passing the hydrogen 
sulphide. The aluminium, iron, zinc, nickel, cobalt, and manganese salts will 
be found in the filtrate. Barium, strontium, calcium, and magnesium salts will also 
be found in the filtrate along with alkalies, because the sulphides of these elements 
are attacked and decomposed by water and by aci^. E.g, 2 CaS+ 2 H 20 
^Ca(OH) 2 +Ca(SH) 2 . 

The above remarks can be easily translated into the language of ions. The 
precipitation is then supposed to proceed according to the equation: 
W + 2 B 2 S^U(Ra)^+ 2 W ; or M*>H 2 S^M 8 + 2 H\ That is, the bivalent 
ion M * reacts with the hydrogen sulphide, forming the sparingly soluble MS, or 
M(HS) 2 , which precipitates, lathe process, hydrogen (acid) ions, H*, are formed. 
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The hydrogen sulphide is itself supposed to be ionized in aq. soln. as indicated 
above : H2S^H’+US?^-^2H*+8". The metal chloride, say, is also ionized : 
MCl2™M”+2Cr, Hence the soln. may be supposed to contain MCL 2 +H 2 S^M*‘ 
+ 2(1"4 S''+2H*. When the solubility product is exceeded, the solid 

MS separates from the soln., leaving hydrochloric acid ions behind : 2ir+2Cr. A 
further amplification on the lines indicated in the text can now be made. Here, 
as el8('where, it makes very little difference which mode of expression be used. Th(‘ 
facts will stand for <'ver ; the language used in describing the facts, like othfT 
customs, changes according to the prevailing fashions. 

The physiological action of hydrogen s^phide. —The aq. soln. and the gas are 
poisonous, but less poisonous than chlorine or bromine. Towards the end of die 
eighteenth century, a number of accidental deaths occurred in Pans, due to the 
gases from the.si'wers ; and in 1785, M. Halle 36 reported on the conditions, but did 
not recognize hydrogen suljiliidi* as the cause of the poisoning. At the beginning 
of the nineteenth century, (t. Dupuytren, M. Prunelle, and F. (Iiaiissier proved 
that hydrogen sulphide was present in the mephatic vapours from the sewers, and 
it was believed that this gas was the causi' of the toxic action of the sewer gas. 
M. Parent-Duchatelet made a comprehensive report on the Paris sewers in 1829 ; 
he found that the aviTage proportion of hydrogen sulphide was 2-29 per cent. 
Cases of accidental poisoning were reported by T. S. Bell, B. I. Raphael, L. Holden 
and H. J^etlK^by, R. Christison, H. Li'theby, A. Kwilecki, D. Brown, R. R. Sayers 
and co-w^oikers, A. Haibe, K. B. Lehmann, A. Cahn, J. P. J. d'Arcet and 
il. Braconnot, etc. Observations on sewer-gas poisoning were also made by 
T. H. Barker, and L Suriie. V. W. Mitchell and S. J. Davenport say that hydrogen 
sulphide is one of the most toxic gases, and is comparable to hydrogen cyanide 
with respect to rapidity of action and concentration producing death. The action 
dejicuds upon the concentration- -<)-005 per cent, is sufficient to produce poisoning, 
while a continued exposure to a cone, of 0*02 }>er cent, during several days may 
produce death. The exact mechanism of the poisoning is unknown. A. 8. Taylor 
described the cases of hydrogen sulpliide poisoning which occurred during the build¬ 
ing of the tunnel under the Thames. T. Oliver mentioned three fatal cases in the 
construction of a graving dock at Plebburn-on-Tyne, where the excavation reached 
some old alkali v\aste ; and A. S. Taylor mentioned six fatal cases at CJeator Moor. 
Some cottages ^^ere built on iron slag ; the slag contained sulphides of calcium and 
iron ; the water from a heavy rainstorm soaked into the slag, and hydrogen sulphide 
was formed ; this diffused into the cottages during the night, and killed three adults 
and three children. Hydrogen sulpliide is a common reagent in chemical 
laboratories. A. Cahn described the case of a student poisoned by the gas in the 
laboratory. J. Ilaberniann and co-workers examined fifty samples of air from 
laboratories, and found the hydrogen sulphide varied from 0*00015 to 0*2 vol. per 
1000. R. Biefel and T. Polek, and A. Ilaibe described cases of hydrogen sulphide 
poisoning in the coal-gas industry ; T. Oliver, in the sulphur mines of Sicily ; and 
M. Holtzmann, in tanneries. Accordmg to C. B. Lehmann, an atmosphere con¬ 
fining 1 : 3000 hydrogen sulphide kills cats and rabbits in 10 minutes ; an atmo¬ 
sphere with 0*4 to 0*8 per 1000 produces local irritation on the mucous membrane of 
the respiratory tract, and death follows from an oedema of the lung preceded by 
convulsions; air containing 0*2 per 1000 produces in half an hour a smarting of the 
eyes, nose, and throat, and after 30 minutes the atmosphere can no longer b(‘ 
borne, air with 0*5 per 1000 is the utmost that can be breathed, and it produces 
smarting of the eyes, nasal catarrh, cough, palpitation, shivering, great muscular 
weakness, headache, and faintness with cold sweats. 0*76-0*8 per 1000 is dangerous 
to luiman life, and l-0-l*5 per 1000 rapidly destroys life. H. W. Haggard and 
Y. Henderson studied the action of hydrogen sulphide on the respiratory centres. 
R. Fisher compared the toxic action of the gas alone, and when associated with 
carbon disulphide. E. Goldsmith found that three men exposed to the gas became 
temporarily blind for 2 or 3 days, suffering with intense pain, with reddening of 
VOL. X. L 
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the conjunctiva ; almost continual running of tears ; headache and general iiidis- 
])osition. He supposed that the gas formed a compound in the outer cuticle of the 
eye, and that this prevented light passing into the eyes. The patients could not 
distinguish objects held before them; they could not find their way home alone. 
The eyesight always returned after the lapse of several days. J, Wigglesworth 
reported two cases of insanity produced by the inhalation of hydrogen sulphide. 
H. Schulz said that the gas acts as a hypnotic agent, but N. Uschinsky could find 
no evidence of this. Observ^ations on hydrog(‘n sulphide })oisoning were also 
made by C. Bernard, H. Eulenberg, R. Biefel and T. Polek, W. Kiihiie, 1\ Brouardel 
and P. Loye, A. Flint, E. Salkowsky, H. Stifit, and C. Husson. 

J. R. Wilson observed that 1 per cent, of hydrogen sulphide in the air kills a 
rabbit in about a minute ; 0*5 per cent., in 3 minutes ; 0*2 per cent., in 10 minutes ; 
0*1 per cent., in 37 minutes ; and 0*025 per cent, produced no perceptible result 
on a rabbit after 2 hrs.' inhalation. The toxic effect on bacteria was observed by 
F. Hatton, and V. Fermi. A. Chauveau and J. Tissot found that animals live 
quite well in a lethal atmosphere of hydrogen sulphide provided that they are allowed 
to breath(' })ure air through a tube. Hence, the skin and external mucous 
membranes are impermeable. This contradicts an early observation by F. Chaussier. 
J. P. Peyron, and L. Simirnoff examined the absorption of hydrogen sulphide by 
contact with different parts of animals. 

The gas is a blood poison. F. HoppC'Seyler studied the chemical action of 
hydrogen sulphide on the blood. He observed that when hydrogen sulphide is 
passed through the blood, a dark green pigment is deposited similar to the greenish 
discoloration of cadavers. This change is said to be due to the action of hydrogen 
sulphide on the oxyhaemoglobin of the blood, with the formation of a substance 
termed sulphmetahamoglobin. An absorption spectrum was found with two bands 
in the red—one near the C-line, and the other between the C-line and D-linc. 
Observations were also made by T, Arake, A. Lewisson, A. Gamgee, W. Kiihne, 
J. V. Laborde, E. Harnack, T. W. Clarke and W. H. Hurtley, A. van der Bcigh, 
S. West and W. Clarke, R. L. M. Wallis, and P. Binet. N. Uschinsky said that the 
])oisonous action is not due to the formation of a sulphometah<Tmoglobin, and 
0. Pohl attributed it to the gas uniting wdth the alkali of the blood, forming alkali 
sulphides, but H. W. Haggard disproved this hypothesis. S. Kaufmann and 
I. Rosenthal attributed the action of hydrogen sulphide to be such as to result in 
oxygen-hunger, and compared hydrogen sulphide poisoning with suffocation ; but 
F. Hoppe-Seyler showed that this explanation is incomplete, because it does not 
explain the action of the gas on the nervous system. 
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§ 10. The Polysuiphides of Hydrogen 

In 1777, C. W. Scbeele,! during his work on the phlogistifieation of sulphur, 
discovered a polysulphide of hydrogen. He said : 

If you pour into a solution of sulphur in alkali a gi'eat deal of hokI at once, a small 
quantity of stinken de Lvft —^ e. hydrogen sulphide—is evolved, and you may observe in 
this mixture a kind of thin oil; however, the oil rfunains not fluid always, but gro^vs 
thick and hard in the open air. It seems that the excess of acid immediately seizes upon 
the alkali; and since in that case no decomposition, or at least a \eiiy partial one, of the 
sulphur IS possible, the heat obtains too small a quantity of phlogiston to expand the lieavy 
sulphur into an airy vapour ; a beginning only being made by forming an oil. 

C. L. Berthollet then examined the oiJy liquid obtained by the action of acids 
on the polysuiphides of the alkalies and alkaline earths, and concluded that its 
composition is H 2 S 5 . J. J. Berzelius regarded it as at least a pentasuljihide or a 
still higher proportion of sulphur. L. J. Th<5nard obtained it botli as a light, ethereal 
oil, and as a heavy, viscid oil. The difference was attributed to tlie latt(*r containing 
a higher proportion of sulphur. He considered, by analogy with hydrogen iieroxidc 
which he discovered in 1818, that the light, ethereal oil had a similar composition, 
and he regarded it as hydrogen persulphide^ H 2 S 2 . The oily liquid thus came to be 
called hydrogen persulphide, although a score of names had been preAUously applied 
to the oil. L. J. Thenard’s analyses of the heavy oil varied from H 2 S 7 to H 2 S 9 . 
A. W. Hofmann prepared a complex salt with strychnine, C 21 H 22 N 2 O 2 .H 2 S 3 , but 
later, he showed that the composition was better represented by tlie formula 
( 921 ^ 22 ^ 2 ^ 2)2 ^ 286 . Compounds of H 2 S 6 with brucine, (C 23 H 2604 N 2 ) 2 .H 2 S 6 , and 
with benzylamine (C 7 H 7 N) 2 .H 286 , were also prepared by E. Schmidt, and G. Bruni 
and A. Borgo. 0. Dobner also prepared a compound with brucine, 
(C 28 H 2604 N 2 ) 2 .H 2 Sg. 2 H 20 . H. Brunner and V. Vuillellmier obtained complexes 
with benzaldehyde, (C 6 H 5 COH)H 2 Ss; with anisic aldehyde, (G^B^0.0n^V0H)H.A I 
with cinnamic aldehyde, (C 9 H 80 )H 2 S 4 ; and with benzoquinone, (C 6 H 402 ) 4 H 2 S 5 . 
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W. Ramsay's analyses ranged from H 2 S 7 to H 2 S 10 . P. Sabatier obtained from 
calcium polysulphide and hydrochloric acid an oil with a composition ranging 
between H 2 Se and H 2 S 10 i a-nd when the oil was distilled in vacuo, the product 
liad the composition H 4 S 4 . H. Rebs obtained from sodium di-, tri-, tetra-, and 
})enta>sulphide, as well as from the polysulphides of potassium and barium, by 
treatment with well-cooled hydrochloric acid, an oil which in all cases had the com* 
position H 2 S 5 . This statement was not confirmed by 1. Bloch and F. Holiri. The 
attempt by G. Bruni and A. Borgo to determine the mol. wt. from the effect of 
the persulphide on the f.p. of bromoform was shown by E. Paterno to be unreliable. 
The properties of the persulphide were examined by J. von Liebig, G. Kemp, 
R. Bunsen, C. F. Schonbein, P. Sabatier, and E. Drechsel. 

Hydrogen persulphide is made by pouring a soln. of the polysulphide into 
hydrochloric acid ; if this operation be reversed, no persulphide is formed, but the 
salt is decomposed : CaS 5 + 2 HCl-—Ca 0 l 2 +H 2 S+ 4 S. M. Berthelot said that it 
is best to employ an alkali polysulphide prepared by saturating a soln. of the normal 
sulphide with hydrogen sulphide with the air excluded so as to avoid the formation 
of thiosulphate which is decomposed by the acid with sulphur, etc. O. von Deines 
obtained hydrogen persulphide by reducing sulphur dioxide--gaseous or in aq. 
soln.—with hypophosphorous acid and extracting the product with ether. The 
sulphur dissolves in the hydrogen persulphide. 0 . von Deines explained the 
production of hydrogen persulphide by the action of 3A"-HC1 on a soln. of sodium 
thiosulphate by assuming that siilphoxylic acid is formed as an intermediate 
product: H 2 S 203 ~S 0 -fH 2 SO 2 , and that this reduces the sulphur dioxide which 
is also formed: 112 ^ 203 — 802 - 1 -H 2 S+-0. Precipitated white sulphur is said to 
contain some hydrogen persulphide. The preparation of the polysulphide, and of 
hydrogen j)ersulphide was described by J. J. Berzelius, L. J. Thenard, F. Hohn, 
I. Bloch and F. Hohn, etc. A. W. Hofmann, and E. Schmidt mixed ammonium 
polysulphide with a cold, saturated soln. of strychnine in alcohol; and treated the 
(Tvstalline product with cone, sulphuric acid. The composition of the oil corre¬ 
sponded with H 2 S 3 . 

What is here called hydrogen persulphide is doubtless a mixture. Hydrogen 
persulphide is a yellow, oily liquid, which, according to L. J. Thenard, is mobile if it 
contains a small projKirtion of sulphur, and viscid if it contains a large projiortion. 
It has a peculiar, sulphurous, disagreeable odour, and irritates the eyes and nose ; 
it tastes sweet and bitter ; and imparts a white colour to the tongue and saliva. 
A few drops placed on the skin of the arm, alter and decolorize it. At the moment 
of its formation, the liquid bleaches litmus. C. F. Schonbein also found that it 
bleaches litmus and indigo. The colour is restored by oxidizing agents—ozone, 
chlorine, bromine, iodine, potassium permanganate, ozonides, hydrogen dioxide, 
etc.—by metallic salts--copper, manganese, nickel, and ferrous sulphates—and by 
phosphoric and arsenic acids; nitric and sulphuric acids act very slightly in the 
same way, and hydrochloric acid doea not act at all. L. J. Thenard gave 1*769 for 
the sp. gr., and H. Rebs, 1*71 at lb"*. P. Sabatier said that it can be distilled 
between 60^ and 85° at a press, of 40 to 100 mm. A brilliant, pale yellow, limpid 
liquid distillate is produced which has a very irritating odour. The composition 
approaches H 2 S 5 . The heat of formation is H 2 Sga 8 -f (n--l)Sgas~H 2 S„ —5*3 Cals.; or 
H 2 +^tSHoiid=H 2 S^— 0*7 Cal., when n --6 to 10. E. Becquerel gave 1*8850 for the 
index of refraction ; and 1*743 for the magnetic rotation of the plane of polarized 
light. 

L. J. Thenard said that when hydrogen persulphide is ignited by the flame of a 
candle, it burns with a blue flame. When the oxide of gold or silver is placed in 
contact with the liquid persulphide, it becomes red-hot, and the oxide is reduced to 
metal; but J. von Liebig said that silver oxide is converted into sulphide. Accord¬ 
ing to L. J. Thenard, if the acid be left to itself for a few days, it is resolved into 
hydrogen sulphide and sulphur, so that the liquid becomes more and more viscid, 
and ultimately solid. The decomposition is rapid at 60°, and still more so at 100 °. 
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F. Sabatier found that stability of the persulphide is increased by the presence of 
dissolved sulphur or hydrogen 8 ulj)hide. Its decomposition is accelerated by light. 
Certain substances have no ai)]>reciable action on it. Amongst these are dry air. 
iky hydrogen, and cone, acids. Otlicrs, including carbon bisulphide, benzen<* and 
similar hydrocarbons, ])araffins, and chloroform, simply dissolve it ; whilst others, 
such as iodine, bromine, and potassium permanganate, act on the sulphur or 
hydrogen sulphide dissolveil by the jiersulphide, and thus diminish its stability. 
Many substances which decompose the persuljihide, sucli as alkalies, water, alcohols, 
and ethers, appear to form witii it highly unstable intermediate compounds. 
Ti. J, Thenard found that the decom]K)sition of the persulphide is more rapid at 
100'' than it is at 60° ; while G, Kemp, and J. von Liebig sho\\(‘d that oven when 
sealed up in a glass tubi* for 3 weeks, it forms transparent sulphur, and colourless 
liquid hydrogen sulphide. R. Bunsen said that the decomposition in a s(‘aled lube 
occurs only when moisture is present; and if a little calcium chloride be jiresiuit 
the liquid may be preserved without decom})osition ; but with finely divided cal¬ 
cium chloride, J. von Liebig said that hydrogen persulphide froths up violently and 
soon solidifies ; effloresced sodium sulphate acts more slowly, but the crystals of the 
hydrate do not act at all. J. J. Berzelius showed that acids hinder or prevent the 
decomposition, while the decomposition was shown by L. J, Thenard, and J. von 
Liebig to be accelerated by finely-divided charcoal, silica, pyrolusite, kermes- 
mineral, galena, gold sulphide, gold, platinum, and other metals ; but sugar, starch, 
and lignine exert a feeble action in hastening the decomposition. Potassium penta- 
sulphide either in soln. or diffused in w'ater causes a very violent evolution of hydrogen 
sulphide, and a sudden precipitation of sulphur; and an alcoholic soln. of liver 
of sulphur decomposes the persulphide without the evolution of gas. According to 
J. J, Berzelius, and L. J. Thenard, the decomposition of the persulphide is favoured 
by powdered hydroxides of potassium, the alkalin(‘ earths, and magnesia, and also 
by an aq. soln. of ammonia or potassium hydroxide. It is possible that these 
substances act by first forming sulphides. With a small proportion of potash-lye, 
hydrogen persulphide gives off hydrogen sulphide, and with an excess of alkali it 
at once forms spongy sulphur. P. Sabatier said that the rapid decomposition by 
alkalies is probably due to the formation of an unstable intermediate alkali suljdiide. 
E. Drechsel represented the reaction with an alcoholic soln. of potassium sulphide : 
2 KSH-f-H 2 S 5 =K 2 S 5 -|- 2 H 2 S. According to L. J. Thenard, water removes hydrogen 
sulphide from the persulphide and becomes turbid ; alcohol acts similarly, while 
ether dissolves it at first, but soon de])osit 8 acicular crystals of sulphur. E. Drechsel 
said that the persulphide is insoluble in water, alcohol, ether, benzene, and chloro¬ 
form ; and is decomposed by nitrobenzene and aniline. P. Sabatier said that a 
imxture of ether and hydrogen persulphide deposits nacreous sulphur in a short 
time; ethyl acetate, and ethyl oi amyl alcohol act slowly ; and hydrocarbons, and 
derivatives of chloroform (iu not givt* this reaction. For the observations of 
E. Schmidt, G. Bruni and A. Borgo, and H. Brunner and V. Vuillellmier, on the 
complex salts with hydrogen sulj^hidc, vide supra, F. Hohn, and L Bloch and co- 
workers observed that aldehydes react with the persulphide— e.g. benzaldehyde, and 
salicylaldehyde forming thiocarbonic acids ; I. Bloch and M. Bergmann found that 
with aromatic acid chlorides, acyl disulphides are formed. J. Dodnoff and H. Medox 
found that dimethylaniline causes a vigorous decomposition of hydrogen disulphide 
into hydrogen sulphide and sqlphur. Triethylphosphine and triethylarsine afford 
the corresponding sulphides. With phosphorus trichloride in benzene the disul- 
phide yields phosphoryl thiochloride, phosphorus pentasulphide, hydrogen chloride, 
and a little hydrogen sulphide. It appears probable that the compound PCl 3 ( 8 H )2 
IS formed initially and that a similarity in constitution exists between hydroi?eri 
disulphide and hydrogen dioxide. ® 

The nature of the lower hydrogen persulphides was worked out by I. Bloch and 
co-workers, and described in their papers: Ueher Wasserstoffpei'suljid, in 1908. 
By heating sodium sulphide with varying amounts of sulphur in an atmosphere of 
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hydrogen for three hours on th(3 water-bath and dissolving the products in water, 
solutes of the composition Na 2 S 2 , NagSs, Na 2 S 4 , and Na 2 S 5 , are produced. When 
the soln. are allowed to flow into mixtures of equal parts of ice and hydrochloric 
acid (D 1*19) cooled in a freezing mixture, crude hydrogen persulphide is obtained as 
a yellow, oily liquid with tlie odour of sulphur chloride and camphor. It is decom¬ 
posed instantaneously by alkalies, and therefore it is essential that all apparatus 
used in the preparation should be washed with an acid. The oil can be kept for an 
hour without visible decomposition. Water decomposes it, but dil. acids, particu¬ 
larly hydrochloric acid, act as preservatives. A criterion of purity is the fact that 
the freshly prepared persulphide yields a clear soln. in benzene. Alcohols, eth(T, 
ethyl acetate, and acetone decomposes the oil more or less ra])idly, whilst with 
aldehydes and ketones condensation occurs, yielding substances rich in sulphur. 
Th(i crude oil is then to be iractionally distilled under reduced press., say, 20-25 
mm. The distillation is conducted in an ajiparatus, Fig. 40, in wdiich large quanti¬ 
ties can he operated upon in small portions at a time, and the residue from an opera¬ 
tion can he recovered after each distillation without disconnecting the apparatus. Ry 
using quartz vessels wherever jiossible, J. II. Walton and L. B. Parsons increased 



the yields, by lessening the tendency for the polysulphide to decompose. The 
flask Aj of 300 c.c. capacity, immersed in the glycerol bath K, is connected through 
the condenser with B (150 c.c.), which is attached to the strongly-cooled vessel C — 
say by solid carbon dioxide and ether. By means of a tube reaching to the bottom, 
.4 "is connected with the U-tube F. Between II and the water-pump are vessels 
containing soda-lime and calcium chloride, and a manometer. The flask A can be 
connected with the pump either through B and C by means of the stopcock a, or 
through F by the stopcock b. To prevent the deposition of sulphur during the 
distillation, dry hydrogen chloride should be passed through the apparatus before 
it is evacuated. To carry out the distillation, the bath K is raised to 110°-125'', 
and the apparatus evacuated to about 20 mm., a being open and b closed. From 
the dropping funnel D, about 15 c.c. of crude hydrogen persulphide is run vslowly 
into A. Distillation commences; when it becomes irregular, a is closed and b 
opened, whereby the residue in A is drawn over into F, The distillation is then 
continued by closing 6, opening a, and introducing another 15 c.c. of hydrogen per¬ 
sulphide into A from D. The liquid collecting in B is mainly hydrogen trisulphide, 
whilst the more volatile disulphide is found in C. 

The crude hydrogen persulphide is separated into three fractions; the more 
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volatile one collecting in C, Fig. 40, contains hydrogen disulphide, HgS^. It forms 
an almost colourless liquid as mobile as water. Its odour is more penetrating and 
aggressive than that of the trisulphide. The disulphide can be distilled with 
partial decomposition, at ordinary press., the chief fraction passes over at 74®~75°. 
The sp. gr. is 1*376 at 15°. The disulphide does not freeze in a mixture of solid 
carbon dioxide and ether, and J. H. Walton and L. B. Parsons found that it shows no 
sharp solidification temp, when cooled, but its m.p. is between — 88 ° and —90° ; and 
its b.p. is 74*5°. I. Bloch and F. Hohn gave 74°-75° for the b.p., and added that the 
disulphide resembles the trisulphide in many respects, but it is more sensitive to 
soln. of the alkalies. 

The oil which collects in receiver B during the distillation of crude hydrogen 
persulphide is h3^drogen trisolpbide, H 0 S 3 , a yellow oily liquid rather more mobile 
than olive oil, R. Schenck and V. Falcke found that the analyses and mol. wt. 
agree with H 2 S 3 . According to I. Bloch and F. Hohn, hydrogen trisulphide has 
a disagreeable odour, recalling that of sulphur monochloride and camphor. The 
vapour irritates the eyes and mucous membranes of the nose sehr stark. As in the 
case of ordinary sulphur, the yellow colour disappears when the trisulphide is cooled. 
Its sp. gr. is 1*496 at 15°. It freezes between - 53° and —54° to ^ crystalline solid 
which melts to a colourless liquid between — 52° and —53°. This temp, was confirmed 
by J. H, W’alton and L, B. Parsons. On cooling to - ~ 78°, the trisulphide became more 
and more viscous, like gla.ss until it solidified. Attempts to distil the trisulphide at 
ordinary temp, were not successful; but when distilled under reduced press., 
100 c.c. of the trisulphide furnished about 15 c.c. of disulphide, and 10 c.c. of residue ; 
the remainder was collected as trisulphide. R. Schenck and V. Falcke gave 43°- 50 ’ 
for the b.p. at 4*5 mm. press. 1. Bloch and F. Hohn found that when the trisulphide 
is warmed in a test-tube it darkens in colour, and becomes more and more viscid, 
and at about 90° there is a copious evolution of hydrogen sulphide ; some drops of a 
distillate collect in the upper part of the tube. Wlien the trisulphide has stood for 
about a day in darkness, it seems to have undergone no change, but after standing a 
longer time it decomposes with the separation of rhombic sulphur. It decomposes 
more quickly in light. When the liquid is shaken in a test-tube, bubbles of hydrogen 
sulphide are set free, and rhombic sulphur is precipitated. J. H. Walton and 
L. B. Parsons observed that when the trisulphide is kept in a sealed tube under 
ordinary laboratory conditions, at the end of 3 days small crystals of sulphur began 
to appear, while at the end of 5 days there were two liquid layers noticeable, the one 
heavy and viscous, the other light, mobile, and colourless, presumably hydrogen 
sulphide. There were large crystals of sulphur in the tube. After 2 days more, 
the viscous layer had completely disappeared, and the tube contained only several 
large rhombic crystals of sulphur and liquid hydrogen sulphide, with possibly dis- 
sol ^^ed persulphide. The trisulphide inflames more easily than the crude persulphide, 
and it burns wdth a blue flame. R. Schenck and V. Falcke gave 1*70 for the index of 
refraction with D-light. 

The chemical characters of the trisulphide are chiefly reducing and sulphurizing, 
but it also acts as an oxidizing agent. J. H. Walton and L. B. Parsons said that the 
trisulphid(; is soluble in benzene, toluene, chloroform, carbon disulphide, ether, and 
heptanes, while alcohols, ketones, aniline, nitrobenzene, and pyridine decompose 
it catalytically ; I. Bloch and F, Hohn observed that the decomposition with ethyl 
alcohol is rapid, and with amyl alcohol, explosively violent. Both the di- and tri- 
sulphides dissolve in alcohol containing some hydrogen chloride, forming a clear 
soln. which decom])oses rapidly with the evolution of hydrogen sulphide, and the 
separation of whit<* amorphous sulphur. When the trisulphide is treated with water 
or hydrochloric acid, the liquid slowly decomposes, becoming turbid owing to the 
separation of white, amorphous sulphur. Alkali-lye rapidly decomposes the 
trisulphide; cone, sulphuric acid reacts but slowly with the trisulphide, rapidly 
with the disulphide, forming white, amorphous sulphur and some sulphur dioxide. 
In ethereal soln,, J. H. Walton and L. B. Parsons concluded that the behaviour is 



SULPHUR 


159 


very like that of hydrogen sulphide--copper oleate gave a reddish-brown colloidal 
precipitate ; ferric chloride, a white precipitate which redissolved in excess ; 
stannic iodide., a bulT precipitate ; silver nitrate, no change ; and mercuric bromide, 
a yellow precipitate ; silver oxide, copper oxide, lead dioxide, and mercuric oxide 
caused a viol(*nt decomposition of the trisulphide ; the heat evolved was sufficient 
to ignite the persulphide. Lead oxide, stannic oxide, and magnetite brought about 
a violent decomposition of the trisulphide. Axsenious oxide, arsenic oxide, ferric 
oxid(‘, zinc oxide, barium jjcroxide, and manganese dioxide caused only a slow 
decomposition. The oxidizing agents potassium permanganate and potassium 
dicliromate were found to decompose the trisulphide rapidly. The permanganate 
generated sufficient heat to ignite the persulphide. The sulphates of ferrous iron, 
aluminium, nickel, zinc, and manganese gave a very slow decomposition of the 
trisulphidc. Anhydrous copper sulphat<‘, however, decomposed the trisulphide 
rapidly, the whole mixture turning dark. The nitrate of aluminium gave only a 
slow decomposition, while the nitrates of load, silver, and copper caused a rapid 
decomposition of the persulphide. Ferric nitrate behaved in a peculiar manner ; 
for a time no visible decomposition took place, and then suddenly an increasingly 
violent reaction began, as if it were an autocatalytic effect. The chlorides of manga¬ 
nese, sodium, cadmium, ammonium, and lead decomposed the trisulphide only 
slowly. The chloride of antimony dissolved with the 
consequent decomposition of the trisulphide. The 
chlorides of copper and lead turned dark with accom¬ 
panying decomposition of th(* trisulphide. The acetate, 
bromid(‘, and oleate of copper decomposed the tri 
sulphide, rajndly turning dark at the same time. 

Antimony tri-iociide dissolved in the persulphide. The 
mixture turned red and decomposed. Massive metals 
did not decompose the j)ersulphide rapidly. They 
became coat<‘d with the sulphide of the metal and 
the reaction c(‘ased. Powdered arsenic, antimony 
and zinc and iron, how^cver, brought about rapid 
decomposition. It was found that the persulphide was 
not decomposed by finely ground quartz which had 
been washed with hydrochloric acid and carefully 
dried. Neither did boric oxide nor phosphorus pent- 
oxide bring about d(‘compositiou. It is to be noted that all copper salts decom¬ 
pose the p(‘rsulphido as do most lead salts. The trisulphide did not dissolve 
either copper sulphidfi or arsenic trisulphide. G. Bruni and A. Borgo state 
that hydrogen sulphide' is insoluble in the persulphides ; but J. H. Walton and 
L. B. Parsons sfiid tliat the trisulphide dissolves in liquid hydrogen sulphide*, 
forming a liquid whicli has a pale, strawy-yellow colour at room temp. In 5 days 
crystals of rhombic sulphur separated from the soln., but there was no separation 
into two liquid layers as was the case when the trisulphide alone was confined in a 
sealed tube under similar conditions. I. Bloch and F. Hohn said that hydrogen 
trisulj)hide dissolves much sulphur at ordinary temp., and the sulphur is precipitated 
from the soln. wlien benzene is added. J. H. Walton and L. B. Parsons found that, 
at 17 -20 , su]i)hur dissolved until the hydrogen sulphide content of the system 
was 8 to 9 [ler cenl. J. H. Walton and E. li. Whitford found the solubility of sulphur 
in hydrogen persulj)hide reckoned as per cent, of sulphur not evolved as hydrogen 
sulphide - to be : 

55 a’ X) r ll'Or 005^ -1-45'* -375" -1542'* -Si-?*’" 

Sulphur. . 92-49 89-46 86-77 82-97 82*60 80-71 7M8 53-56 

When the data are plotted, Fig. 41, there is a break in the solubility curve near to 
—1-45'^ corresponding very closely with hydro^n hexasulphide, 1128 ( 5 . This is 
taken to mean that at. -1-45°, the liquid phase is hydrogen hexasulphide, HoSe. 
No iither breaks were observed. The hexasulphide is stable below - 1*15, but 



Percent of st/lpfi/r 


Fig. 41 - Solubility of Sul¬ 
phur in Hydrogen Per¬ 
sulphide. 



160 


INORGANIC AND THEORETICAL CHEMISTRY 


decomposes rapidly at higher temp. The instability of the hydrogen hexasulphide 
above —1*45° explains the necessity for keeping the reaction mixture cold when 
preparing the yellow oil. The tetrasulphide of hydrogen has not been definitely 
isolated. H. Mills and P. L. Robinson observed that hydrogen pentasulphide, 
ILS^, is })rodiiced when ammonium pentasulphide» is treated with anhydrous 
formic acid. The sp. gr. at 16"^ is 1-67. 

The persulphides recall the polyiodides. The organic persulphides are not so 
readily fornu'd or so stable as the organic periodides, while the reverse appears to be 
the case with the inorganic per-salts. The element sulphur surpasses iodine in its 
capacity for forming polyatomic molecules, and this comparison also holds good 
for the hydrogen compounds. Hydrogen persulphides are well-defined compounds, 
but corresponding polyiodides are unknown —the hydrogen diiodide of the earlier 
textbooks is no longer considered a chemical individual. According to A. Geuther, 
the constitution of the polysiilphides can be explained on the assumption that 
sulphur is bivalent, and that hydrogen is tervalent in the disulphide ; 

and in the trisulphide tervalent S II- 8 --H™ S, or quinquevalent, So^H—S — H ; 
and quinquevalent in the tetrasul])hide, So^H—S—H—S; and in the penta- 
sulphide So^H—S—H^So. This hypothesis, however, has no supporters. 
E. Drechsel supposed that hydrogen pentasulphide has a sexivalent sulphur atom, 
S 2 ^S™(HS) 2 , analogous to sulphuric acid, 02 =S-- {OH )2 ; and, just as sulphuric 
acid may be regarded as the hyclrate of sulphur trioxide, so may hydrogen penta¬ 
sulphide be regarded as the hydrate of the S 4 -molecule. R. Bottger also assumed 
that because sodium pentasulphide is converted into lead sulphide and sodium 
thiosulphate w^hen the aq. soln. is boiled with lead hydroxide, it is not to be regarded 
as Na 2 S 04 with the oxygen replaced by sulphur ; and A. Geuther raised a similar 
objection from his study of the action of silver oxide on finely divided sulphur. 
W. Streckor obtained methyl trisulphide, (CH 3 ) 2 S 3 , by the action of methyl sulphate 
on alcoholic soln, of sodium penta-, tetra-, or tri-sulphide. It is possible that methyl 
tetra- and penta-sulphides are first formed, and decompose on distillation into the 
trisulphide. These compounds were previously studied by A. Cahours, and 
P. Klason. F. Jones also regarded sodium pentasulphide, Na 2 S 5 , as a tetrathio- 
sulphate, S. 84 Na 2 , a view favoured by the ease with which it can be converted into 
the monothiosulphate, Na 2 S 203 , and thence to the sulphate Na 2 S 04 . W. Spring 
and J. D^marteau showed that while the polysulphides behave in accord with the 
gtmeral formula H 2 S.S„, their reactions with the alkyl sulphides are best explained 
by assuming that they possess the formula 11282 . 8 ^, in which two sulphur atoms 
play a role in the molecule different from the remainder. They consider the higher 
polysulphides to be merely soln. of sulphur in the disulphides. F. W. Kiister and 
E. Heberlein replied that if this be true, all the polysulphides being essentially 
salts of hydrogfm disulphide, should be hydrolyzed in soln. to the same extent, for 
the hydrolysis could not be influenced by the mere physical solution of sulphur. 
They con.sider that the constitutions of the polysulphides and the polyiodides are 
analogous, and since it is generally recognized that the latter compounds are best 
represented by the formula RI.I„, they conclude that the constitution of the poly¬ 
sulphides is best expressed by the formula R 2 S.S^. They regarded the polysulphides 
as salts of complex sulphohydrosulphuric acids: H 2 —-S—S; Ho -S—S^S; 
112 — 8 = 8 — 8=8 ; etc. J. S. Thomas and A. Rule added that their study of the 
polysulphides favours the view that in the polysulphide molecule two atoms of 
sulphur are in a different state of combination from the remainder. They suggest 
that the disulphides should be regarded as being derived from the form of hydrogen 
disulphide analogous to the tautomeric form of hydrogen dioxide. They would 
thus possess the formula R.S.S.R. From this substance, the higher polysulphides 
are obtained, not by soln. of sulphur, but by further combination. Thus : 

R-~S=S R-S=S 

R-S R-S=S 

Tri«uJphide Tetrasulphide 
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According to D. I, Mendel4eff: 

The formation of the polyeulphides of h>dn*gen, JljjS , (^asil^ undeisluod from tlio 
law of substitution, like that of the saturated h;y droeaibons. C ,H 2 ,/ 2 * knowing tiiut sulfiliur 

gives TfjS and carbon CH 4 , be<'ause the inolecuk* of sulpiiui’cttod li\<in>geu nuiy be dividtHl 
into H and H 8 . 1'his radicle, US, is equivalent to 11. Hut .sub^^til uting tins iadn‘lo lor 
Jiydrogen in HjS wo obtain (HS}HS (HS)(HS)fe - 11283 , etc., in general llaS,. 'fiie 

homologues of CH 4 , fa are thus formed from CII 4 , and eonseqiient Iv the poly¬ 
sulphides are the homologues of HaS. The question ari 8 ( 3 h v\>iy in H j,S„ I in* apjiarent 

limit of n is 6 — that is, why docs the substitution end with the formation H ,83 ' Tlie 
answer appears to me to be clearly liecauso in the molocuio of sulphur, 8 g, ther<> are ^i\ 
atoms. The forces in one and the other case are the same. In tin* one ease they hold 
84 together, in the other Sg and Ha : and, judging from H 28 , the two atoms ot h><lrog< u 
are equal in power and signitioonce to the atom of sulphur. Just as hydrogen ])en>Mde, 
HaOa, expresses the composition ot ozone, C)j, in whic'h () is replaced by Ho, ‘^o al-^o H ^ 8 ;^ 
corresponds with 84 . 

This hypothesis is favoured by J. J. Blanksina, who re])resente(l th<' sodium 
polysulphides by the formuhe Na.S.S.Na ; Na.S.S.S.Na ; Na.S .8 S.S.lMa ; and 
Na.S.S. 8 .S.S.Na; and also by 1. Bloch. 1 . Bloch also said that the change of 
colour with change of temp, is possibly exjilained by an intramolecular cliangc' 
H 2 : S ; Sr=^HS : SB, analogous with the keto-enol tautomerism : Ho : : 0 

,-=:^H i] C.OH. H. Henstock discussed the electronic structure' of hydr<»gen 
disulphide. 
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§ 11. Sulphoxylic Acid and the Lower Acids ot Sulphur 

When ethyl sulphide, ( 02115 ) 28 , is treated with nitric acid, it is oxidized to the 
fio-called ethyl stdphoxide, ( 02115 ) 280 , and to ethyl sulphone, ( 0 . 2 H 5 ) 2 S 02 . 
Similarly also with methyl sulphojdde, ( 0 H 3 ) 28 O, which is also formed when silver 
oxide acts on methyl sulphobromide, (CH 3 ) 2 SBr 2 . E. Fromm and J, do Seixas 
Palma ^ attempted to prepare the so-called sulphur hydrate, or hydrogen sulphoside, 
S.H 2 O, the hypothetical parent of the organic sulphoxides. If hydrogen sulphoxide 
has a bivalent sulphur atom, it will be constituted H0.8.H ; and if it has a quadri- 
VOL. X. M 
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valent .sulphur atom, H 2 “ 0. K. Fromm and J. de Seixas Palma found that the 

action of thionyl chloride on zinc-dust loads to the formation of zinc chloride, sulphur 
dioxide, and sulphur ; a sulplioxitle is not formed by tn‘ating th(‘ mixed products 
with b<‘nzyl chloride. Benzyl disulpiiide, sulphidi*, and mercaptan are formed by the 
action of benzyl chloride on the product of tlu' oxidation of sodium sulphide by 
hydrogen dioxide, and sonn^ sodium suljihide is oxidized to only a small extent 
yielding sodium sul])hate. The action of sulphur on ]K)tassium hydroxide and 
treatment of tlie product vMth lanizyl chloride leads to the formation of thiobenzoic 
and benz(ac acids together with small amount of benzyl disulphide. Thiobenzoic 
acid IS oxidized to benzo\ I disiilphide by potassium ferricyanide in alkaline soln. 

No success has attended th<‘ effort to make SUlphUT monoxide, 80, the oxide 
aucilogous to hydrogen sulphide, D Staiidinger and W. Knds tried unsuccess¬ 

fully to ])r(*]Uire it by suddfudy chilling the vajxmr of thionyl chloride or bromide 
fiom lOtHJ"' to - 190 . I. Vog(‘l and J. K. Partington tried to make it by heating 
sulphur sesquioxide to 95° in vacuo. Derivatives are known. For instance, 
ethyl SUlphone, ( 02 H 5 ).j 8 O 2 , ns obtained from the ethyl sulphoxide by lh(‘ action 
of nitric acid, or potassium permanganate ; and also by the action of etliyl iodid(‘ 
on i>otassium ethyl sulphinic acid, lv((^ 2 ^^.'>)»^^^ 2 * comjxmnd melts at 70° and 

boils at 21H ; similarly with methyl sulphone, {^ 113 ) 2800 , whi(‘h melts at 109° 
and bods at 238°. Aceortbng to E. Fromm and J. d(‘ 8 (‘ixas i^alma, zine-dusi 
r(‘acts with sulphuryl chloride in ether(‘al soln., forming zinc cldoridt' and zinc 
sulphoxylate, or zinc sulphone, Zn 802 , wliich is converte d into dibenzylsulphone, 
(( 6 H 5 .GH 2 ) 2802 , by treatmcml vvitli lienzyl chloride ami a 10 ]H‘r cent. soln. of sodium 
iiydroxide ; benzylsulphonic acid is not formed, as would be the case were the 
product of the sulphuryl chloride reaction zim* hyposulphite*. Idie J^yrupy product 
obtained by evaporating the ethereal sola, of the sulphoxylate reduces indigotiri. 
.Vccording to L. Baumann and co-workers, when a soln. of sodiiim hy])OSiilphite 
in 40 per cent, formaldehyde is cooled, it deposits a (rystalhne ])rodiu*t which 
can be separated by fractional crystallization from dil. alcohol into erpial parts of 
sodium formaldehyde hydrosulphite, NaHSOg.CHoO.HoO, and sodium 
formaldeh3rdehydrosulphoxylate, NaHSO 2 .CH 2 O. 2 H 2 O. The latter (ompound 
separates from water in large, transparent, monoclinic prisms, m{‘lts at 63 -64\ 
begins to lose water of crystallization at 120°, at 125° evolves formaldehyde and 
hydrogen sulphide, and finally leaves a residue of sodium sulphide. Mineral a(‘iiLs 
decompose it with the formation of sulphur and hydrogen sul])hide ; alkalies 
regenerate sodium hyposulphite* and formaldehyde, and sodium hydroxide followed 
by ammonia soln. furnishes disodium hyposiilphide and hexaraethylem*tetramine. 
I^ad formaldehyde hydrosulphoxylate is insoluble in water, but dissolv(*s in dil. 
nitric or in acetic acid to form’ a strongly reducing soln. The (‘ompound can be 
employed as a reducing agent when wanned in pnvscnce of alkalies or sodium h v<li ogen 
sulphite and, in these circumstances, gives good results in the conversion of nitro- 
dt*rivatives into the corresponding amines. According to K. Rtnnking and co- 
workers, when the colourless crystals prepared by the interaction of formaldehyde, 
sodium hydrosulphite, and ammonia, are reduced with zinc-dust and acetic acid, 
zinc aminoinethylsulphoxylate, (NH 2 .Cll 2 . 0 .S 0 ) 2 Zn, is formed. 

T. Vogel wnd J. K. Partington obtained s^um ethyl sulphoxylate, Na(C 2 H 5 )S 02 , 
by the action of sodium ethoxide on sulphur sesquioxide; and when this is 
hydrolyzt'd, by allowing it to stand in contact wdth its mother-liquid overnight, 
sodium sulphoxylate, Na 2 S 02 , is formed. This salt is moderately soluble in cold 
and more soluble in liot water and sparingly soluble in alcohol. It is practically 
unattacked by boiling cone, hydrochloric and sulphuric acids, but is attacked by a 
hot mixture of fuming nitric acid and bromine. The aq. soln. gives a yellow colora¬ 
tion with ferric chloride soln. On exposure to air, the white solid becomes 
vellowish-browTi. It is assumed that the reactions are: S 2 O 3 —SO+ 8 O 2 ; 
8 ()-f C 2 H 50 Na-Na(C 3 H 5 )S 02 ; and Na(C 2 H 5 )S 02 -f NaOH-NagSOg+C^HsOH. 
Some of the sulphur monoxide or sesquioxide may react: SO+ 281 ^) 2 +C 2 H 50 Na 







-=Na(C2H5)S306 ; or + -Na(r 2 Hr,)i 5 a 06 ; and some p^ntn- 

thionatc may be fornenl bv the polymerization ot the siilfjliur moiu^xidc* : 
580+CJirJ)Nd -.Na(roH5)85bo,andNa(V3iyS-06-i-NaOH ( Mrim } 
or bNaoS^Oo i Na^S^Oed-dNa^SOj | dSO^. Tin'hltrat(‘from tie'M?(iium 

Hulphoxylatc lla^ a very uupl(‘a.saiit odour, and contains salts of tiitliiouie, .oil[)h- 
oxylic, and sulphuric acids, and also small (piautities of ])tuitathionie and ])os'.ib]y 
letratiiionic acids. I’he piodiict of the reaction between sulphur S(*s(pno\irh‘ and 
sodium ethoxidc Jias a strongly alkaline nuiction, and under tlnse (‘oiuiitlojis any 
tetrathionatc and pentathionate which might be produced would probably deccuin 
})ose with the formation of sulphites and tljiosulphat(‘s, but the absence of tie' latter 
indicates that very little, if any, of these sul)staiiC('S are producaal in ilie initial 
reaction. 11 . Bassett and K. (J. Durrant said that tlie resi^taiic(‘ of sodium sulpli- 
oxylate to attack by boiling eonc. hydrochloric or sulphuric acid liighly 
improbable, and that the allegiul sulplioxylute is more or less niijuire sodium sul]>hate, 
wdiich is prei'i})itated on adding suljdmric acid to a soln. of a sodium comjiound in 
absolute alcohol. 

A S(*ries of salts of sulphinic acid can be (»])tuiin'd by oxidizing diy sodium 
mercaptide in air: (AH sodium ethylsulphinate ; by 
the action of sulphur ilioxide on zinc alkyl: 

--zinc ethylsulphinate; and when zinc acts on the (‘hlorosulphonates : 
2 ( : 2 Zii Zndv I Zidt’oIl^SOo)^- According to K. Fromm and , 1 . d ' 

i:5(‘ixas Ihilma, ‘wlnm sodium hyposuljihate reaets with benzyl chloride in 
a r>d ]»er cent. soln. of sodium hydroxidi* at ordinary Itunjs, sodium benzyl- 
sulphinate, Na((\^ll5.C'H2)S()2, is formed. This is ciuiverted into benz}! nudlnl 
sul])lione, (C6ll5.('H2)((Al3)S02, m.f>. T 27 ‘, liy bfuling with methyl iodide. 

Srniilarly, lead benzylsulphinate, is obtained by redm-ing benzyl- 

sulphonyl ( hloride with zinc-dust and alcohol. Botli the h'ad and sodiimi salts 
decolorize iodine, but not indigotin, and furnish sul])]ioin s when boded witli 
alkyl halides. 

M. Bazlen K'garded the compomid of formaldeliyde witli sodium }iv]h>- 
sulphiteas sodiumhydroxymethanesulphonate, which is iormed along with sodium 
hydroxymethanesulphinate, thus showdng that the salt sailers fission with tht‘ 
addition of waiter as in the case of the dithionates. Sodium hydioxyniethane- 
sulpliinate reaet.s w’ith sodiiiiii hydrosul])hite to form sodium iiyposulpliite and 
formaldehyde. The free liytlroxysulphonic acids are viTy unstable, while the 
hydroxy.sulphinic acids are stabhn Hydroxymethaiiesulphinie acid is monobasic, 
whereas bydroxymethamvsulphonie acid forms two series of saIts--H(KC'H2 S()2.B, 
and RO.(yll2.S62B. A, Binz’s diformaldehydesulphoxylic acid, S(().('112^11)2, 
formed by the action of sodium formaldehydevSulphoxylat(', or rongahtc, with 
formaldehyde and hydrochloric acid, KaO.S.().(''H2.6ll~i IICI-} -NaFl 

+S(0.CH20I1)2, consid(‘red by M. Bazhm to be dibydroxymethylsulphone, 
since it readily loses a mol. of formaldeliyde. M. Bazlen could not prepare 
the dibariiim salt of hydroxymethanesulphinic acid reported to be obtained 
from the condensation product of sodium hydroxymethanesulphinate and mono- 
met hylaniline. 

H. Bassett and ll, G. Durrant consider the rciietion : 3S(OH)2^n«S ^ 2H2SO3 
is improbable because it w'ould be terniolecular ; and it is more lik(dy that dissimilar 
molecules arc respectively oxidized and reduced. They suggest that in alkalitu' 
soln., sulphoxylic acid forms the so-calh*d anhvdro-acid, disulphoxylic acid, 
HO.S.O.S.OH, or pyrosulphoxyUc acid, 2S(0H);^H20 bHO.S.O.S.OH, since 
many weak acids form pyro-salts in alkaline soln.— e.g, boric acid. It is suggested 
that the sulphoxylic acid is reduced, and the disulphoxylic acid oxidized to ]iyro- 
sulphurousacid, H2S2O5, thus, in symbols : S{0H)2 f H 0 . 8 . 0 .S.( )II?=^H2S-rH2S205. 
The reversal of this reaction is the first stej) in Wackenroder's reaction— vide 
infra. Disulphoxylic acid is isomeric with thiosiilphiiric acid. Tlie behaviour of 
fonnaldeliydesulphoxylates with the metal salts, show^s that in some cases, cjj. 
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with arsenic trichloride, an increase in acidity favours the precipitation of arsenic 
sulphide instead of arsenic formed when free acid is present. In other cases, e.g, 
with sodium plurnbito, an increase in alkalinity favours the formation of lead 
sulphide, while lead is precipitated as the alkalinity decreases. The reaction 
8(OH)o-f H 0 .S. 0 .S. 0 H^H 2 S+Hi>B 205 would proceed from left to right with 
a considerable increase in hydrogen ions, for there can be little doubt tliat sulph- 
oxylic acid would be a very weak acid just as hypochlorous acid is. Alkali should 
th(*refor(* favour the change into sulpliide and sulphite, which agrees with the 
results of the plumbitc experiments. In acid soln., high acidity might be expected 
to favour formation of anhydrosulphoxylic acid at the expense of sulphoxylic acid, 
and this also would accelerate the change of the latter into hydrogen sulphide and 
pyrosulphite. The ellect of high acidity in favouring precipitation of arsenious 
sidphide, rather than of free arsenic, would then be intelligible. Increase in acidity 
would also tend to produce sulphur dioxide at the expense of either sulphurous 
or pyrosulphurous acid, and this also would hasten the decomposition of sulphoxylic 
acid. The reaction : S(OH) 2 -f H2^=^2S'|-2H20 occurs with decrease of hydrogen 
ions, and so wull be favoured by acidic conditions. It is this interaction of hydrogtui 
sulphide and sulphoxylic acid which leads to the decomposition of sulphoxylic 
acid in acid soln. in absence of metals which form insoluble sulphides. Sucli 
decomposition could be represented by the summation equation, 28(0H)25 f^H*i 803 
4 S f-HoO. 

H. Bassett and R. G. Durrant in their memoir : The J nterr elat ions hips of the 
Sulphur AcidSy showed that when sulphoxylic acid is liberated by hydrolysis from 
its association with formaldehyde, it decomposes into sulphurous acid and hydrogen 
sulphide. If the iiydrolysis occurs in the presence of a lead, arsenic, antimony, 
stannous, bismuth, cadmium, nickel, cobalt, or zinc salt, the sulphide of the metal 
IS prc(‘ipitated. No acid, other than that present in the soln. owing to hydrolysis, 
must be added in the case of zinc, nickel, or cobalt, oth<uwise the ])recipitate of 
sulphide fails to appear; and very little must be present in the case of cadmium. 
With salts of silver, copper, and mercury, reduction to metal occurs. This may occur 
also with arsenic and probably with antimony or bismuth, especially in absence of 
much acid, whilst, conversely, a little sulphide may be formed in the case of coj)p(‘r 
and silver in presence of much acid. Precisely what happens in such cases depeiuis 
upon the relative rates of the oxidation of sul{>hoxylic acid to sulphurous acid or of 
its change into hydrogen sulphide and sulphurous acid. These rates are affected 
by the cone, of reactants, acidity, and temp. In absence of salts of bcav}^ metals, 
the hydrogen siilj)hide acts upon the formaldehyde to some extent to yield trithio- 
formaldchyde, which appears as white crystals or oily drops, and is readily detected 
by its characteristic smt*!!. The normal interaction of hydrogen sulphide and sul¬ 
phurous acid leads to the formation of sulphur and polythionic acids. The acid 
hydrolysis of the formaldehydesuiphoxylate occurs rapidly on heating, but is slow 
at the ordinary temp. ; the actual rate depends also upon the acidity. The alkaline 
hydrolysis is extremely slow, but seems to follow a course similar to that of the acid 
hydrolysis, yielding sulphide and sulphite. H. Bassett and R. G. Durrant found 
that the action of formaldehydesuiphoxylate on sodium plumbite soln. is slow at 
the ordinary temp., but more rapid on heating. A mixture of metallic lead and lead 
sulphide is usually formed, a high cone, of suiphoxylate and high alkalinity being 
most favourable to the precipitation of lead sulphide. The reduction to metallic 
lead is due to the suiphoxylate, and not to the formaldehyde. In presence of 
plumbite, it is the formation of insoluble lead sulphide which accelerates the 
hydrolysis of the formaldehydesuiphoxylate. Sulphur will produce a similar 
efiect by converting the sulphite, formed on hydrolysis of the suiphoxylate, into 
thiosulphate. Thus it was found that, after an alkaline soln. of formaldehyde¬ 
suiphoxylate had been boiled with sulphur and the polysulphide (much of which 
was, of course, due to alkaline hydrolysis of the sulphur) removed with lead acetate, 
the soln. was no longer capable of bleaching methylene-blue. A similar alkaline 
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sulphoxylate Boln., after being boiled for the same length of time without sulphur, 
gave no precipitate with lead acetate and still had a strong bleaching action on 
methylene-blue. On boiling an alkaline soln. of sodium hydrosulphite to which 
sodium plumbite has been added, a greyish-black precipitate of lead sulphide and 
metallic load is obtained. The same reaction occurs at the ordinary temp., but 
much more slowly. If the alkaline hydrosulphite soln. is boiled and then cooled 
to room temp, before the sodium plumbite is added, an immediate black precipitate 
appears which consists of pure lead sulphide if only small quantities of bydrosul- 
})hite and plumbite are used in the experiment. H. Bassett and R. G. Durrant could 
find no positive evidence in support of the assumption that sulphoxylic acid decom¬ 
poses : 2S(0H)2-H2S+H2S04, and 2S(0H)2-H2S203+H.>0. They added ihat 
if sulphoxylic acid could undergo either of these changes, alkali should promot(‘the 
changes, since both would correspond to a considerable increase in hydrogen Ion. 
No sulphate is produced when sodium formaldehydesulphoxylate is boiled with 
a soln. of sodium plumbite ; nor is any produced when sodium formaldehyde¬ 
sulphoxylate is hydrolyzed in acidic soln. either alone or in the presence of lead or 
arsenious salts. If the arsenious sulphide formed had resulted from the decom¬ 
position of the thiosulphate, large amounts of sulphate w'ould have been produced. 
No change was observed wluui an alkaline soln. of sodium formaldehydesulphox}datc 
was heated for a long time. If a cone. soln. of hyposulphite is added to cone, hydro¬ 
chloric acid, sulphur separates at once; but with a cone. soln. of thiosulphate, 
sulphur does not separate for a long time. If the sulphoxylic acid formed on the 
hydrolysis of the hyposulphite changed rapidly into thiosulphate, no separation of 
sulphur is likely to have occurred. The observed separation of sulphur is not due 
to the presence of a sulphite, for a soln. of an equimolar mixture of sodium pyro- 
snlphite and thiosulphate did not yield any sulphur when added to cone, hydro¬ 
chloric acid, except after long standing. F. Forster and co-workers assume that the 
n^action : 2S(0H)2^H2S203+H20 does occur ; and this is supported by the fact, 
observed by J. Meyer, and K. and E. Jellinek, that sodium hyposulphite, in the 
absence of air, in neutral or slightly acidic soln., changes quantitatively into sulphite 
and thiosulphate. The solid salt undergoes a similar change since old specimens 
contain large proportions of thiosulphate. On the other hand, H. Bassett and 
R. G. Durrant stated that it is probable that the thiosulphate is not formed directly 
from sulphoxylic acid, but by a more complex sequence of reactions— vide infra. 
For the smell of sulphoxylic acid, vide infra^ hypo^ulphurous acid. 

The term sulphoxylic acid was applied by A. Bernthsen to the hypothetical 
acid H2SO2, the parent from which the salts just indicated have been derived. This 
distinguishes them from the salts belonging to the related hyposulphurous acid, 
H2S2O4— infra. Sulphoxylic acid, H2SO2, was considered by M. Bazlen to 
be melasulphoxylic aad, H2SO2, or HO.SO2.H, derived from orthosidphoxylic acid, 
(HOlgS.H, by the loss of a mol. of water. 

There are several possible constitutions for compounds with the formula H2SO2. 
For instance, (i) with a bivalent sulphur atom corresponding with an aldehydic or 
ketonic constitution: RO.S.OM—where R denotes an alkylic or arylic radicle, 
and M a univalent metal; (ii) another with a quadrivalent sulphur atom, furnishing 
sulphoxylates or sulphinic acids; and (iii) another with a sexivalent sulphur 
atom, furnishing sulphinic acids or sulphones : 


RO 


>8=0 


Sulphoxylates 




R . O 


Solphlalc acids 




Sulphones 


R. Otto thought that the conversion of the sulphinic acids into sulphones favours 
the hypothesis that these acids are hydrides and do not contain a liydroxyl group, 
and that the sulphur atom is sexivalent in the sulphinatee. There is, however, some 
doubt about the constitution of these hypothetical acids which are known only 
in the form of alkyl or other derivatives. K. Reinking and co-workers, and 
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^ 1 . Bazli‘11 n“^poctivoly reprosentod the complex aldehydic salt of sulphoxylic acid 
hr tho fonnul.v: 


H 


CH.: 


OH 

O.SO.Na 


«^>S<^>CH2 
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§ 12, Hyposulphurous Acid 

To 1718 , G. E. Stall] ^ ol)S(‘rvod that iron dissolves in siilpliurous acid, fonnin/^ 
a reddish-yellow liquid ; and C. L. Berthollet oliserved that no gas is given off 
when the metal dissolves. A. F. de Foureroy and L. N. Vauqiielin obtained 
similar results with tin and zinc. C. F. Schonbein and others noticed that when 
sulpliuroiis acid is (‘lectrolyz(‘d, the reddish-brown liquid resembles that obtaint'd 
by tlie action of many metals on sulphurous acid, in that both liquids are strong 
reducing agents, and contain an acid with h'ss oxygen than that contained in 
sulphurous or rather thiosulphuric acid. E. Schar made more cxt(‘n(led obser¬ 
vations on I Ills subject. Prior to 18 G 9 , it was thought— t\fj. by E. Mitscherlicli— 
that the acid fonned by reducing the sulphurous acid was thiosulphuric acid, 
TI2S2O3, while H. Ki.sler-Reunat said that pentathionic acid is formed. Observa¬ 
tions wore made by M. J. Fordos and A. Gclis, G. Geitner, and A. Harpf, who reported 
sulphuric, thiosulphuric, trithionic, and pentathionic acids and hydrogen sulphide 
to be foimed. P. Schiitzenberger showed that un nouvd acide de soiifre is formed 
which he called Vacide hifdrosulfnreux- -ihnX is, hydro.^ulphurous acid. He also 
prepared a number of salts of the acid. H. E. Jioscoe and C. Schorlommer, and 
11 . von Wagner preferred the name h3rposulphuroas acid, H2S2O4 ; and they called 
the salts h3rposulpllites — vide thiosulphuric acid. The acid was studied by 
A. Bernthsen and co-workers, IL Bassett and R. G. Durrant, and by 0 . Brunck, 
A. Nabl, etc. The results favour the hypothesis that the molecular formula of 
the acid is that just indicated —vide infra. The arguments in favour of hydro- 
sulphurous or ]i\q)osulphuroufi as a name for the acid have different weights with 
])crsonR of different tem])erament,s. The writer prefers hyposulphurous acid. 
The general subject of the hyposulphites was discussed by A. Dubose,2 L. A. Pratt, 
and K. Jcllinek. 

The preparation of hsrposulphnrons acid, and the hyposulphites.— As indicated 
above, hyposulphurous acid is prepared by dissolving iron or zinc in sulphurous 
ncid ermtained in a closed vessel, P. Schiitzenberger ^ reprci^sented the reactmn : 
2H2S03+2H2-=(H2S02)2+2H20. H, E. Causse also prepared hyposulphuiuoa acid 
in an analogou.s way by reducing sulphurous acid with zinc, iron, manganese, 
or ( opper. F. Bayer used sodium amalgam as the reducing agent. W. Spring 
showed that the acid is formed along with tetrathionic acid when hydrogen 
sulphide is passed into sulphurous acid; L. Maquenne, when sulphurous acid is 
ri'duced by hyi^ophosphorous acid; S. Kapff, by formic acid or sodium formate; 
V. Spence «9nd E. Knecht, by titanium trichloride ; 6. Scurati-Manzoni, by a 
copix r-zinc couple ; H. Moissan, potassium hydride—but H. Erdmann and H. van 
dcr Srnissen did not succeed with calcium hydride; and A. Guerout, by the elec¬ 
trolysis of snljdiurous acid. Sulphuric acid is formed at the anode, and hyposul- 
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pliiirous acid is formed af the cathode with a low^curreni d<‘nhitv\ and .siilphnr 
with a high-current dimsity. C. Liickow also noted the formation of siilphur 
and hydrognm sul])}iide. The aq. soln. of the free acid is siahh^ for only a short 
time. 1 \ SehiitzenlxTger obtained it by decoinj)osiiig tin* s(*diinu salt witli dil. 
sulpliuric or oxalic acid ; and R. Englert and F. Jh'cker, by treating a soln. of the 
calcium salt with sulplniric, oxalic, or phosphoric acirl. J*. Schiit/eidjerger made 
the sodium salt by tin* action of zinc on a soln. of socliiim J»vrjrosnlphit(‘ in n well- 
cooled vessel: ‘ ONalLSOa} 2 Zn- 2 ZiuSO., + 21 LO+ 2 NaoS(L-i (NaHSO^lo. The 
great(‘r [lortion of tb(‘ sodium sul}>bite crystallizes out as a (‘omjilex salt with zinc 
suljjhite. In order to remove tlie small quantity which still remains in soln., the 
clear li(piid is mixed with d or 1 tim<*s its bulk <jf cone, alcohol, and allowed to 
stand in a W(*ll~sto[)per('d flask. The liquid then dej>osits a second (Top of crystals 
of s(alium zinc hvjiosnlpliite.and th<i supernatant liquor wlnm kept in aw(dl-sto]>p'Ted 
tiask deposits eolourhvss crystals of the hyposuljddte. These ar(‘ pressed betwe^m 
bibulous })ap(T, and dried in vacuo. Another recrystallizalion may be neci'ssarv 
to remove the last tract's of sodium zinc sulphite. L. A. Pratt used a modification 
of this proci'ss ; M. Funikawa and K. S. K. Kaisha used nickel or iron salts as 
catalysis ; and W. ( 1 . Christiansen and A. J. Norton descrilx'd a mode of 
])urifying the sodium salt. A. Bernthsen measunal the rate of convt'rsion of 
th<‘ sulphur <d liydrosulphate into hyposulphite by zinc with soln. containing 
different }>roporfions of salt in soln. The p('rc(*ntage <‘onvt*rsion of the total sulphur 
into hyposu]})hit(‘ was with soln. containing, per KK) c.c. 

NttHSO, . 0-5852 2*3408 3*4094 10*90 17 047 26*97 

Co aversion . 57*7(16) 57 3(192) 53*7(265) 58 3(18) 53*1(24) 60(1) 

The bracketed numbers refer to the time in hours. M. Bazlon found that the 
dihydrate, Na2So()4.2JfoO, can b<j suited out from the soln. by the additiem of sodium 
cliloride. The Badischii Aniliii- und Sodafabrik j)ai(}nted the use of other soluble 
salts, (‘tc. For instance, sodium nitrite or acetate, chloride of calcium, magnesium 
or zinc, sodium (»r ammonium hydroxide. It is lad t(T to use soln. as cone, as possible. 
With 20 () c.c. of water and 35 and 40 per c(mt, of sodium hyposulphite respectively, 
98 and 99 ptT cent, of the hyposulphite' was immediatt'ly preei])itated on adding 
GO grms. of sodium chloride. The Farbewerkc vorm. Meistcr Lucius und Briiniiig 
show(Ml that instead of zinc and sodium hydrosulphite, a mixture of zinc sodium 
liydrosulphit-e and sulphurous, sulphuric, or hydrochloric acid can be used. Other 
metals more electropositive than zinc were found by E.Grandmougin to he. applicable 
for the reduction. For example, sodium-amalgam may he used, hut sodium alone 
acts too vigorously ; calcium can bo employed for the reduction. 

A. Worsley reduced the sujiersaturaied soln. of sulphurous acid by ehxjtrolysis 
at a low tern})., and under prt'ss. in the cathode compartineni of an electrolytic 
cell. A non-oxidizing atm. is maintained in the cathode com]:)artnu iit-—c.^., by 
introducing an inert or a reducing gas—and a catalysh—c.^/., a zinc salt or a colloid 
such as gelatin--may be added to the electrolyte. Sulphur dioxide may b(‘ con¬ 
tinuously introduced into the sulphurous acid soln. during the olcTtrolysis. The 
soln. of hyposulphurous acid obtained may be used directly as a reducing agt'ut, 
or the substance to be reduced by hyposulphuroUvS acid may be maintained in 
close proximity to the cathode, preferably in continuous agitation, during tlie 
reduction of the sulphurous acid. 

The most satisfactory laboratory method of ]>reparing tlie sodium salt was 
found by F. W. Hcyl and F. E. Greer to be a })roeess based on those of L. Cassella 
and Co., and the Manufacture Lyonnaise d(^ Mati^res Colorantes, nanu'Iy, the 
action of sodium hydrosulphite on sodium formakh'hydro.sulplioxvlate, which in 
turn is obtained by the recluction of commercial hyposulphite with zinc-dust and 
zinc oxide in the presence of formaldehyde, and recrystallizing the crystals first 
obtained from water below 70 °. It was not found possible to prepare analytically 
pure anhydrous sodium hyposulphite even by the method from sodium fornialde- 
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}iycI(‘bul])lioxyla 1 e indicated above and salting out the product by means of strong 
brine. The best results obtained were fields of 55-60 per cent, of the theory with 
a purity of t 80-85 pcT cent., and neither by recrystallization nor by salting out from 
air>fre(' aq. soln. in an iiKTt atinosplien* could the salt be further purified. 
J. Volliard obtained the hyposulj)hite as an intermediate stage in the action of 
sul2)hiir dioxide on an alkali sulphid<*. C. F. Schbnbein, and P, Schiitzenberger 
also obtained sodium hyposulpliite at the negative pole during the electrolysis of 
an aq. soln. of sodium liydrosul])hite owing to the reduction symboliz(‘d : 2NaHS03 
H 2 ^NaoS 204 f 2H2O. A. A'lllon used a soln. of sp. gr. 1*32 in the cathode 
compartment. G. llal])hen, E. Andreoli, and E. Urbain also employed the elec¬ 
trolytic process. According to E. H Ekker, the products of the electrolysis an* 
sodium sulphate, wult r, and either sodium hydroh^q^osulphite, or a mixture of 
sodium hy])osulphite and free hypo.sul]>hurous acid. Working with a cell without 
diaphragm, he obtained a poor yii'ld by a current of 1*51 amp. passing through a sat. 
soln. of the sulphite. This diminished after the lapse of another hour. The poor 
results are du<' to anodic oxidation of the hyposulphite. K. Elbs and K. Becker used 
a porous diaphragm, and a cathode of platinum, aluminium, or zinc. They found 
tliat at first sodium hyposulphite is formed at the cathode in almost theoretical 
quantity, but the yield very soon falls ofi owing to the further reduction of thi* 
hyposulphite to thiosul])hate, Na2S204+2H“~H20+Na2S203. It was impossible 
to prepare solid sodium hyposulphite in this way. When soln. of calcium or 
magnesium hydrosulphite in water or dil. alcohol are electrolyzed in the same way, 
a little hy])osulphite is formed in soln., but the solid substance which separates out 
is the neutral sulpiiile of calcium or magnesium. Zinc hydrosulphite gave similar 
results. From a cone. soln. of sodium and zinc hydrogen sulphites, however, a 
solid substance is dep(»sited, about one-quarter of which consists of sodium hypo¬ 
sulphite. Soln, of sodium magnesium and of sodium manganese hydrosulphites 
gave no solid substanci*. A. H. Frank showed that in the preparation of soln. of 
sodium hyposulphite by electrolysis of soln. of sodium hydrosulphite it is necessary 
to use an almost nf*utra] soln. The presence of free sulphurous arid liberates 
hy])osulplinroua acid, which readily decomposes. If this precaution is taken and 
the current density gradually increased, a good current efficiency can be maintained 
for a mucii longer time*, and soln, cont|iiiiing 30 to 40 grms. of by|)osuJphite per 
litre obtained. Soln. of calcium hydrogen suljihite containing up to 90 grms. of 
tin* salt ]>er litre arc employed in large quantities in the preparation of cellulose, 
and the maximum solubility is not 9*3 grms. per litre, as stated by K. Elbs and 
K. Becker. Wh(‘n a nearly neutral soln. of calcium hydrosulphite containing from 
40 to 60 grms. of SO2 per litre is electrolyzed, the calcium hyposulphite soon begins 
to crystallize out in silk}^ needles. From 30 to 40 per cent, of the weight of the 
calcium hydrosulphiO* used is obtained in the form of the solid hyposulphite, with 
a current elfii lency of 60 to 70 per cent. The dry salt is unstable, about half of it 
being decomposed after three days’ exposure to the air. In the formation of 
sodium hyposuljihite liy the electrolysis of sodium hydrosulphite, the electrolysis 
stops afti^r tin* soln. contains 3 to 4 per cent, of the hyposulphite. K. Jellinek 
showed that sodium liyposuljihitc, in soln. containing hydrogen sulphite, decom¬ 
poses spontaneously into thiosulphate and hyjmsulplute and then hydrosulphite, 
2Na2S204 ~Na28o03-t Na2vS205; Na2B205-f H20~2NaHS03. In cone. soln. the 
rate of decom]>osition is practically unaffected by the presence of platinum or lead, 
whilst in dil. soln. the greater part of the change takes place at the surface of a 
platinized platinum plate. He showed that the stationary condition, in which the 
cone, of the hyposulphite does not increase, is reached when the rate of formation 
of hyposulphite by the current is equal to its rate of spontane(.)iis decomposition, 
from which it follows that the hyposulphite is not reduced electrolytically, and 
that in order to obtain a high cone, in soln. it is only necessary to increase the rate 
of formation by applying a large current to a small vol. of soln. The subject was 
also investigated by K. and E, Jellinek, R. H. McKee and N. Woldman said 
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that, at present, the electrolytic process cannot compete successfully with the zinc 
process. 

The physical properties of hyposulphurous acid.— Free hyposulphurous acid 
IS very unstable. II. Bassett and R. G. Durrant added that freshly acidified 
hy]iosul])hites have a most unpleasant smell, suggestive of, but difiering from, that 
of hydrogen sulphide, and not unlike a mixture of hydrogen sulphide and sul2>hur 
dioxide. The smell recalls that of sewer gas, and it may well be that of sulphoxylic 
acid. An aq. soln. of hyposulphurous acid, according to its concentration, appears 
y(‘llow to orange-red. J. Meyer said that it rapidly decomposes into thiosulphuric 
sul])hur dioxide, and hydrogen sulphide. The apparent colour of the acid 
may be really due to the presence of colloidal sulphur produced by its decomposi¬ 
tion. The alleged colour cannot be due to the presence of hyj>osulphite ions since 
the alkali salts are colourless ; nor is it probable that the colour is produced by 
th(‘ IlS204'-anion, or by tlie non-ionized molecule since the acid is a strong one. 
K. Becker did not succeed in collecting the colloidal 8 ulj>hur in the layer of carbon 
disulphide when the cathode liquor is shaken with that solvent during the cathodic 
reduction of sodium hyposulphite. H. Bassett and R. G. Durrant found that when 
hyposulphurous acid is liberated from its salts, it is hydrolyzed to sulphurous and 
sulplioxylic acids, and the yellowish-brown coloration which a})pear 8 is most 
])robably due to a compound, (H0)2S.S02, obtained by the co-ordination of one 
mol. of sulphur dioxide with the sulphur atom of a mol. of sulphoxylic acid. It 
could also arise directly by a simple intramolecular change. This compound is 
isomeric with hjqiosulphurous acid itself, which may be written HO. 8 . 0 .SO.OH. 
^ hen siiljihur dioxide is passed into a soln. of sodium formakh'hydesulphoxylate, 
a soln. of precisely the same colour is obtained as from sodium hyj>osulphite. The 
properties of the two soln. are similar, and the coloured compound may be the 
samt' in the two eases. It is possible, however, that the formaldehyde still remains 
attached in the one case. It is noteworthy that formaldehyde removes the colour 
from soln, of all the above sulphur dioxide addition compounds owing to formation 
of the very stable forma]dehyd(‘sulphurous acid. 

In some cases, very dil. soln. of the acid are fairlj" stable. M. Bertlu^lot gave 
0 to 5'5 Cals, for the heat of formation of the acid in aq. soln. K. Jellinck gave 
( 2 S, 30 ,H.> 0 )==H 2 S 204 +105 Cals. K. Jellinek found that the electrical conductivity 
of dil. soln. of the acid can be measured without undue interference by the decom¬ 
position of the acid. Thus, 50 c.c. of ~^iV-Na28204 was treated with -g^-HCl, 
and the conductivity, at 19 °, after 

Tim© . 0 20^ 40" 1'0" 1' 10" 2'40" 6'65" 13'50" 

^XlO« . 567-2 6480 639-2 532-5 628-2 512-0 479-0 454-5 

The corresponding curve represents the rate of decomposition of the acid. Express¬ 
ing the concentration is gram-equivalents in v litres at 25° : 

8 16 82 64 128 co 

Conductivity . 178 212 234 277 298 422 

The temp, coeff. at infinite dilution is 0*017. The ionization constant for 
[H*][HS 20 ' 4 ]=iK"i[H 2 S 204 ] is approximately A’'x=0*45 at 25° ; and for [H*][S 204 "] 
=i 5 C 2 [H^ 04 ], At 25°. For the heat of formation of the ion (2S,40,Aq.) 

= 8204 '' aq.+177 Cals, For the heat of ionization per gram-atom of sulphur, 
K. Jellinek gave 89 Cals. The mobility of the S 204 ''-ion is 69 at 25°. The electro¬ 
motive force of combinations with a hydrogen electrode, a platinized platinum 
electrode immersed in well-stirred soln. containing sodium hyposulphite, sulphite, 
and hydrogen sulphite, is represented by A—-—0*245+ log[S 2 O 4 ''][S 0 s'')/[HS 03 ')^ 
at 20 ° for the normal hydrogen electrode ; and for the e.m.f. of the reaction S 2 O 4 '' 
+ 2 H 20 + 2 A;=== 2 H*+ 2 H 803 ', JS==--(>()09--0*029 log[S 204 '']/[H‘] 2 [HS 03']2 at 20°. 
Froin this it is calculated that a soln. containing hyposulphite and hydrogen sulphite 
ions in normal concentration should be in equilibrium with gaseous hydrogen at 
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two ahnosplieres pressure, and th(*refore that the reducing ])()wor of such a soliu is 
very nearly the same as that of gaseous hydrogen. The (MU.f. of the combination 
measured above increases by 2-27 millivolts per degree rise of temp. From these 
data the heat of the reaction is readily calculated ; it is S204"+2S03''+2n20+2ir 
-H24-4HSO3'— 13,920 cals. Subtracting the known value, HSO's- ir+SO;/' 
-700 cals., gives So04^'-| 2^20--H2-f-2HS03'(-- 13920 - 1100 ---)-- 15,320 cals. 
CV)nsideration of the free energy of the reaction between hyposulphites and water 
leads to the conclusion that they become much less stable as the temp, ri.ses, a ris(‘ 
of 10" incrcavsing the ecjuilibrium press, of hydrogen two and a half times. In 
alkaline .soln. of hyposn]j)hite and sulphite a fairly deiinite potential is established 
at a platinum ('lectrode, f)iit the nature of the reaction on whi(di it d(^})ends has not 
been discovered. In soln. of liyposiilphitc and thiitsulphate, or of thiosulphate and 
sulphite, no (h‘finite jmteutial could be observed. The potrmtials measunnl weni 
unaffected by the eunc. of the thiosulphate. 

The chemical properties of hyposulphurous acid and the hyposulphites. -The 
acid is known only in dil. aq. soln. ; but 0 . Rosslcr said that it is more soluble 
in alcohol than in water. P. Schiitzenberger, and A. Rinz found that aq. soln. of 
the hyposulphites deeonqiose wdien wanned, forming only hydrosulphitcs ; but 
J. Mt'yer representMl ihe reaction: 2Na2S204-rH20--Na2S.203+2NaHS03 ; and 
his results for the d(‘Com[>osition at 45 ^, tkP, and 80 ' are summarized by the curves 
sliowni in Fig. 42 . The speed of the decomposition is slow' 
at the start, it then rises to a maximum, and later on slow\s 
down. Part of the products of the decomposition react 
with the luideeomposed salt, and consc'quently the velocity 
of decomposition is proportional both to tin* ext(‘nt of tlie 
decomposition, x, and to the quantity of salt left undecom¬ 
posed, a —x; so that dxjdt~kx{a —x). M Jellinck found 
at (P to be 0'00014 ; at 10"\ 0-00023 ; at 20 "', 0-00037 ; 
and at 30 ^ 0 -() 0063 . If A'-log F- 1 * 32 ~t 0 - 0350 . The 
decomposition on heating is probably best represent<*d : 
2Na2S204“|-H20-~Na2S203+2NanS03. A. Lumiere and 
L. Seyewetz, and M. Bazlen and A. Bernthsen made some 
observations on this subject. K. Jcllinok studied the de¬ 
composition of sodium hyposulphite in sohi. of sodium 
sulphite or Iiydrosulphite ; and found that it can be represented as a unimolecular 
reaction dxjdl -kia —x), where x signifies the amount decomposed at th<; time t. 
E. Jellinek found the velocity constant, h, to be, in the presence of 

NaHSOs . 10 15 27 33 15 30 per cent. 

^•atl8“ . 000007 000031 000062 0 00109 -- 

^at32° . ^ — 000065 0-00260 

C. K. Jablczynsky and Z. Warszawrska-Rytel found that the rate of decomposition 
is accelerated by the addition of sodium chloride, and diminished by the addition 
of a colloid like gum arabic. Dilution retards decomposition. The speed of the 
reaction corresponds wdth two reactions of the first order. C. F. Schonbein, 
P. Schiitzenberger, and A, R. Frank showed that the decomposition is retarded in 
the presence of alkalies. Hence, technical operations with hyposulphites arc 
conducted in alkaline soln. whenever possible. Acidic soln. decompose very 
quickly, for when a soln. of the sodium salt is acidified, it becomes yellow or 
orange, and much 8ul])hur is separated. 

When hyposulphurous acid is liberated from its salts, it is readily hydrolyzed 
to sulphoxylic and nulphurous acids. H. Bassett and R. 6. Durrani summarize 
the action: H0.S,0.S0.0Hr=^=(H0)2S.S02; by H0.S.0.S0.0H+H20=S(0H)2 
-f H2S03(^n20 + SO2); and by S(0H)2+S02^(HO)2S.S02. Thus, two isomeric 
forms of H2S2O4 are assumed. The direct union of two sulphur atoms in (110)28.802 
indicates that the compound can probably be readily reduced to thiosulphate ; and 
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of Temperature on 
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this is in agreement with K. and E. Jellinek’s observation that hyposulphurous and 
thiosiilphuric acids are successive stages in the electrolytic reduction of sulphurous 
acid. The oxidation of HO.S.O.SO.OH by {H0)2.S.S02 is taken to explain the 
change of the hyposulphite into thiosulphate and pyrosulphite : HO.S.O.SO.OH 
+(H0)2S.S0.27=^H2S205 +HoS 203. The reaction was found by K. and E. Jellinek 
to be bimolecular, and the rate of change is increased by the presence of hydrosul¬ 
phites—roughly in proportion to the square of the hydrosulphite concentration— 
is attributed by H. Bassett and R. G. Durrant to the stabilizing influence of tfce 
sulphite. In the presence of acids, there is superposed on these changes the reactions 
H2S+S(0 H)o^ 2S f-2H20, and S( 0 H) 2 +H 0 .S. 0 .S. 0 H^H 2 S+H 2 S 205 . There is 
also the possible formation of polythionates by the interaction of hydrogen sulphide 
and sulphurous acid, or by the decomposition of thiosulphate. F. Forster and 
co-workers added that pol]Hhionates are always formed during the decomposition 
of hyposulphurous acid. The yellow colour remaining after the disappearance of 
the yellowish-brown colour of (H0)2S.S02, is attributed by H. Bassett and 
R. G. Durrant to a complex of sulphur dioxide and thiosulphuric acid. The subject 
was discussed by R. H. McKee and N. E. Woldman. According to H. Bassett 
and R, G. Durrant, the action of sodium plumbite on the hyposulphites shows that 
sodium hyposulphite is hydrolyzed slowly in alkaline soln. even at the ordinary 
temp., and the reactions then observed are the same as those obtained with sodium 
formaldehydesulphoxylatc—both being the reactions of sulphoxylic acid or its 
decomposition products. If the soln. is boiled before the plumbite is added, a 
precipitate of lead sulphide free from metallic lead can be obtained in the case of 
the hyposulphite, because the sulphoxylate is converted into sulphide and sulphite 
as fast as it is formed. If the plumbite is present during the liberation of the 
sulphoxylate, some of the latter is oxidized by the plumbite before it is converted 
into sulphide and sulphite, and so a mixture of lead sulphide and lead is obtained. 
Alkaline soln. of sulphite give no reaction with plumbite under these conditions, 
whilst thiosulphate in alkaline soln. gives a very faint reaction. The yellowish- 
brown colour produced by the acidification of soln. of sodium hyposulphite, with 
cone, soln., may be similar to that of 0-1 iV-iodine. The smell of hydrogen sulphide 
is quite evident directly after acidification, but is soon masked by that of sulphur 
dioxide. A. Bernthsen and J. Meyer mention that cadmium sulphide is precipitated 
when hydrosulphite soln. containing cadmium sulphate are acidified, they do not 
appear to have noticed the hydrogen sulphide itself. Sulphur eventually separates 
from the acidified soln., but the time which elapses before this occurs may be 
considerable. The colour persists longest when the acidification has been effected 
by sulphurous acid. If a cone, sodium hyposulphite soln. is added to cone, hydro¬ 
chloric acid, a momentary brown colour is produced followed at once by a precipitate 
of sorlium chloride and sulphur. 

The dominant quality of hyposulphurous acid, or rather of the hyposulphites, 
is a strong reducing action. The hyposulphites are readily oxidized. Consequently, 
in preparation of these compounds, the soln. have to be protected from oxidation 
by using an atm. of carbon dioxide or hydrogen. A. and L. Lumi^re and 
A. Seyewetz found that when a thin layer of powdered anhydrous sodium hyposul¬ 
phite is exposed to the action of moist air, it is completely decomposed in seven 
days, but is practically stable in a closed vessel or in dry air, the slow changes 
observed, 10 and 4 per cent, loss of sodium hyposulphite respectively in two months, 
being due to admission of moisture in removing the daily samples. Soln. of sodium 
hyposulphite in boiled distilled water in closed vessels decompose at rates varying 
with the cone.; 26, 10, and 3 per cent. soln. are decomposed in three, eleven, and 
thirty-seven days respectively. The rate of change is accelerated by rise of temp, 
or by exposure of the soln. to the air ; in the latter case, the relative stabilities are 
reversed, a 3 per cent. soln. decomposing entirely in one, a 20 per cent. soln. in two 
days. The decomposition of sodium hyposulphite takes place according to the 
equation : 3 Na 2 S 204 =: 2 Na 2 S 203 -f Na^S^flo J Na 2 S 204 -f 0 ==Na 2 S 03 +S 02 , sodium 
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hydrosulphite being formed in aq. soln. The chief product of the reaction is the 
sulphite. When shaken with air or oxygen, P. Schiitzonberger and co-workers 
found that soln. of the hyposulphites become yellow or orange, and finally colourless. 
The yellow coloration is due to the liberation of the free acid. Twice as much 
oxygen is absorbed as is needed to convert the hyposulphite into hydrosulphite, 
but J. Meyer found that the quantity absorbed is not quite twice that needed to 
fonn the sulphite ; and he said that the excess of oxygen is used in carrying the 
oxidation past the sulphite stage: H 2 So 04 + 02 +H 20 ^ 1 l 2 B 04 ~f il 2 S 03 , and to a 
small extent: 2 H 0 S 2 O 4 +O 2 + 2 H 2 O-- 4 H 2 SO 3 . P. Schiitzonberger, and F. J. Konig 
and C. Krauch assumed that some hydrogen dioxide is formed ; and C. EnglcT, 
that & peivxyhyposulphite, H 2 S 2 O 4 .O 2 ~ an isomer of dithionic acid, or else hydrogen 
dioxide—is fonned : 

NaSOa , OH H (> Na.SOj.OH .. ^ 

NaS 02 "^ 0 HHU) ‘ Na.SO 2 .OH ^ 

Mild oxidizing agents— e.g, silver salts -normally oxidize hyposulphite to sulphite, 
but with mol. oxygen, J. Meyer said that during the oxidation of the hyposulphites, 
sulphite and sulphate, as well as thiosulphate, and dithionate may be formed ; and 
the sulphate and sulphite would be in equimolar proportions were it not for dis¬ 
turbances j)roduced by the hydrolysis of the hyposulphite by the acid formed 
during the oxidation. H. Bassett and R. G. Durrant added that with soln. containing 
sufficient sodium carbonate to neutralize the acid formed, the atm. oxidation ot 
hyposulphite proceeds smoothly as a unimolecular reaction. 

A. and L. Lumiero and A. Seyewetz found that chloral and qouwl exert no protcKitivo 
a<’tiori on soln. of sodium hyposulphite. The influence of a number of other substances on 
the stability of the soln. is as follows, where the first bracketed number re])rc>f,eni.s tiio 
number of grams per litre; and the number in brackets after “ da\H ” refers to the percentage 
amount of hyposulphite undecomposed, in tlie other cases, all was de<‘oinposod in the tiiiu^ 
stated : Sodium hydroxide (lO-lOO), 5 days ; sodium carbonale (2), 4 daj s ; (100), 11 days ; 
jx)tassium carbonic (5-200), 8 days ; ammonia (10-200 c.c.), 4 days ; normal sodium 
}>hosphati’ (5), 3 days ; (50), 6 days ; (100), 24 days ; sodium hydrophospheUe (50), 5 days ; 
(1(K)), 7 days ; sodium silicate, (25), 6 days ; (100), 23 days (0 9) ; cu'etaldehydc (30 c.c.), 
28 days (5-9) ; (100 c.c.), 21 days ; formaldehyde (50 c.c.), 28 days (14*9) ; (200), 28 days 
(81); acetone plus sodium sulphite (5-f 15), 6 days ; (20-f 60), 7 dtvys ; (40-f 120), 4 da>s ; 
amhne (100), 4 days; rnethylamine (*100), 4 days (0*9); trioxymethylene jilus sodium 
sulphite (10-fl), 28 days (2^5); (50 + 3), 28 days (24-4); hexamethylenetetramine (100), 
28 days (24-4). 

J. Meyer found that hydrogen dioxide oxidizes hyposulphites in acidic or alkaline 
soln., forming sulphates, and a small proportion of dithionates. The reaction was 
examined by A. Wangerin and D. Vorlander, and F. S. Sinnatt. The hyposulphites 
were found by A. Bernthsen to be oxidized by iodine to sulphates. Brotherton 
and Co. represented the reaction with sodium hyposulphite and potassiam iodate : 
3Na2S204+4HI03-j-2KI—3l2+3Na2S04-f3K2S04. W. Spring found solpbor to 
be without action on sodium hyposulphite; and L. Tschugaefi and W. Chlopin 
observed that a warm soln. of sodium hydroxide and hyposulphite attacks sulphur 
to a very slight extent— vtde infra, tellurium. A. Binz showed that while the 
h3rposulphite has no action on sodinm sulphide, it reacts vigorously with sodium 
polysulphides : Na2S204+Na28„ + H20-NaS.80.0H + NaS.S02..0H + Na2S„ ,2, 

but these products immediately decompose giving ofi hydrogen sulphide ; with 
sodium polysulphide and hydroxide : Na2S2044-Na282+4Na0H=2Na2S03-f 2Na2S 
+2H2O ; also 2 Na 28204 + 2 Na 2 S 2 + 2 Na 0 H= 2 Na 2 S+ 3 Na 2 S 208 +H 20 ; and with 
an excess of polysulphide : Na2S204 + Na2S» + 4 NaOH = 2 Na 2 S 208 + Na2S 

+Na2S,j_8-f 2H2O. A. Binz and W. Sondag found that the reaction in alkaline 
soln. can be represented : Na 2 S 204 +Na 28208 + 4 Na 0 H= 3 Na 2 S 08 +Na 28 + 2 H 20 . 
W. Spring showed that if hydlOi^ Sulphide passed into a feebly acidified soln. of 
jwtassium hyposulphite, the liquid becomes hot, sulphur is precipitated, and the 
liquid no longer decolorizes indigo; if the soln. be neutralized with potassium 
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carbonate, no sulphur is deposited, and potassium thiosulphate, precipitable by 
alcohol, is formed. L. A. Tschugaefi and V. A. Chlopin observed that t^arium is 
attacked by a soln. of sodium hydroxide containing the hyposulphite warmed on a 
water-bath. The liquid becomes violet and then colourless, and on cooling, it 
deposits sodium telluride. Similarly also vrith seleniun3« but the reaction does not 
takes place so readily. J. Meyer found that like the sulphites, hyposulphites reduce 
selenium dioxide to selenium, but the reaction is more energetic. If the soln. of 
selenium dioxide is very dilute, colloidal selenium is formed. 0. Brunck said that 
selenous acid is reduced to selenium by hyposulphites, but not so with selenic acid ; 
both tellurous acid» and telluric acid are completely reduced to tellurium, and 
with very dilute soln., colloidal tellurium is formed. 

J. Meyer found that in tlie absence of air, alkaline or neutral soln. of nitrates are 
not reduced by hyposulphites, but if air be present, sodium hydrosulphite is formed, 
and this reacts with the nitrate forming amidosulphonic acid ; KN02+3NaHS03 
f-Il20~Na0II + 2NaH0S4 f~NH2.SO2.OK. With acidified soln., however, there 
is a vigorous reaction vuth the evolution of nitrous oxide and nitrogen. A. Lidofi 
found that some hydroxylamine is formed, and he represented the reaction 
with potassium nitrite : 2KNO2 d' 2112800 + 2H2O - KoS04(NH20H)2.H2S04. 
0. Brunek showed that in a feebly acidified soln. of arsenious acid» amorphous, 
brown arsenic is formed ; in neutral soln., the precipitation occurs on allowing 
the mixture to stand for a short time ; but in a soln. made alkaline with alkali 
carbonate, no precipitation occurs. W. Farmer and J. B. Firth noticed that arsenic 
tritusulphide, AS38 (q.r.), is produced by th<i action of sodium hyposulphite on 
(•(‘rlaiii arsenic salts. \ little arsenic disulphide is probably always formed at the 
sam(' time. With a feebly acidified soln. of antimony ^chloride, antimony is 
]>reci]>itat(‘d, and if the hyposulphite be in excess, antimony trisulphide mixed w’ith 
sulphur is formed. An acidified soln. of potassium antimonate behaves similarly ; 
and with a hot mmtral or alkaline soln. antimony is precipitated. A dil. soln. of 
potassium bismuth tartrate furnishes colloidal bismuth ; with a soln. of bismuth 
chloride, a reddish precipitate is formed, and this soon blackens forming bismuth 
mixed wdtli a little sulphide, if the hyposulphite be in excess, bi.smuth sulphide is 
]yr(‘cipitat('d ; and bismuth hydroxide suspended in water is slowly reduced to tlie 
metal. 

E. H. Ekkcr rejiresentcd the reaction with potassium ferricyanide by the 
equation : Na 28204 + 2 K 3 FeCye-^ 2802 'i 2K3NaFeC3"6. The reaction was studied 
electrometrically by (\ del Fresno and L. Valdes. The action of sodium hypo¬ 
sulphite in neutral or acidic soln. on formaldehyde furnishes a complex sodium 
formaldehydohyposulphite, Na282O4.2CH2O.4H2O; and a similar product is 
obtained by the action of zinc and an acid on the complex with sodium sulphite 
and formaldehyiie. This subject w-as studied by A. Binz,^ L. Baumann and 
eo-workera, H, Schmid, A. Pelizza and L. Zuber, L. Descamps, K. Remking 
and co-workers, M. Miiller, Farbwwke vorm. Meister Lucius imd Briining, 
Badische Anilin- und Sodafabrik, E. Glimm, E. Knoevenagel, A. OsaUn, M. Bazlen, 
E. Fromm and J. de Seixas Palma, and C. Schwartz and co-workers. According 
to M. Muntadas, an insoluble, stable, pulverulent formaldehyde-zinc hypo¬ 
sulphite compound is formed by boiling a mixture of sodium hydrosulphite, 
formaldehyde, zinc-dust and sulphuric acid. The following reaction is stated 
to take place i 2(NaHS03 -f- CH2O) -f- 3 Zn -f- 2H2SO4 = 2(ZnS02 C'H20) ZnS04 

+Na2804-f2H2O-4-H2. The insoluble hydrosulphite compound is filtered off, 
w^ashed, dried, and passed through a sieve. It can be employed advantageously 
for many of the purposes for w’^hich less stable salts of the h3rposulphites are used. 
Soln. of indigo and other colouring agents are bleached by hyposulphites. The 
reaction with indigo was studied by C. F. Schonbein,® E. Schar, P. Schutzenberger 
and C. Risler, J. E. Tulleken, A. MUller, M. Muller, F. Tiemann and C. Preusse, 
A. Bernthsen and A. Drew^s, A. Binz and co-workers, R. Mohlau and co-workers, 
A. Wangerinand D. Vorlander, and W. Vaubel. The reduction of azo-compoonds 
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by hyposulphites was studied by E. Grandmougiii,® 0 . Fischer and S. Eilh'S, and 
H. Franzen and P. Stieldorf; of diazonium salts» by E. Grandmoiigin ; of nitro- 
COmpouilds» by E, Grandmougin,^ P. Goldberger, P. Aloy and co-workers, and 
F. Gaess ; of nitioso-compounds, by E. Grandmougin ; of organic arsenic com¬ 
pounds, by P. Ehrlich,® A. Berthoiin, and L. Benda ; and O. Fischer and A. Fritzen, 
of triphenylmethane dyes. P. Schutzenbergcr ® observed that anthraquinone in 
alkaline solii. gives a red precipitate with hyposiiljdiites ; and L. Beaiidet, that it 
does not decompose sugars. 

P. Schutzenbergcr re2)orted that hyposulphites precipitate cuprous hydride 
when added to a soln. of copper sulphate ; J. Meyer said that colloidal copper, not 
the hydride, is formed— vide 3. 21, 0. J. E. Myers and J. B. Firth showed that the 
product is either p}’TO})horic co})per, associated with a little cuprous sulphide or 
mainly the sulphides. 0 . Bruiick represented the reactions: CuSO^ I-NaoSoO^ 
-=Cu+Na2S04+2S02 ; and Cu | 2Na.>S204 -OuS+NasSiiOs-fNa.J^^Oa. Hyposul¬ 
phites reduce cupric chloride to cuprous cMoride, and slowly reduce the latter to 
copper ; with ammoniacal soln. of cupric salts, a copper-mirror is formed. He 
found that at temp, up to 30 °, a soln. of cupric chloride is redu(‘ed by sodium 
hyposulphite to cuprous chloride which is permanent in the presence of an excess 
of cupric chloride : GCuCU fNa2S204 t 4Il20~3Cu2Cl2-j-2NaCl-f 214.2^044-IHCl; 
wdth increasing amounts of hj^posulphile, the cuprous chloride is reduced to copper : 
Na2S204+Cu2Cl2-“2Cu4-2NaCl-f-2S02, and finally converted to cu])ric sulphide : 
Cu+Na2S204~CuS-f-Na2S04. At temp, from 50 ° to 75 ', the final product, it 
cupric chloride is present in exc«‘ss, is mainly cuprous suljjhide, which is coinerted 
into cupric sulphide by excess of sodium hyposulphite. J. M(‘yer found that if a 
soln. of a hyposulphite be slowly added to a dil. soln. of silver nitrate, colloidal 
silver is formed— vide 3. 23 , 10. Unlike A. Seyew^etz and J. Bloch, (). Bninck 
found that the precipitate always contains sulphide. . 1 . B. Firth and J. Higson 
found that with up to G per cent. soln. of sodium hyposulphite, the action on silver 
chloride is very slight, the product of the reaction being inainly silver sulphide , 
and with increasing cone, of the hyposulphiu‘s, the reaction furnishes a mixture 
of silver and of some silver sulphide : Na2S204 4 2 AgCl- 2Na0)-(-2Ag4-2SO2 which 
may proceed in stages : Na2S204+AgCU-NaCl-t-NaAgS204, and the intermediate 
sodium hyposulphite is then reduced : NaAgS204 [-AgCl^NaCl-f 2Ag-t-2S02. 
For cone, up to 6 per cent, hyposulphite the maximum reaction occurs at 35°, and 
for higher cone., the maximum reaction occurs at 50 °. As the temp, is further in¬ 
creased the extent of the reaction rapidly diminislies until at 80 ° it is very slight. 
The product of the action of sodium hyposulphite soln. on a soln. of silver chloride in 
sodium thiosulphate is entirely sulphide, 6 grms. of original silver chloride being 
completely precipitated as sulphide by 6 grms, of hyposulphite; AgCl+Na2S203 
™NaAgS2034-NaCl, followed by 2NaAgS203+Na2S204-~NaoS04-l-Na2S40e+Ag28. 
If the silver chloride is dissolved in excess of ammonia soln, the silver compound is 
quantitatively reduced to metallic silver. Silver is quantitatively precipitated as 
the finely-divided metal from an ammoniacal soln. of silver nitrate. 6. Scutari- 
Manzoni found that a soln. of silver chloride and ammonia or potassium cyanide is 
reduced to metal by sodium hyposulphite. Soln. of gold salts are reduced to metal; 
and with dil. soln., M. Groger obtained purple-red colloidal gold— vide 8 . 23 , 10 . 

O. Brunck found that a neutral soln. of a zinc salt is not changed by hyposulphites 
in the cold, but when boiled with an excess of hyposulphite, zinc sulphide is formed : 
ZnS204+2Na2S204=ZnS-f‘2Na2S2054~S02; similarly also in the presence of 
acetic acid. No visible change occurs when sodium hyposulphite is added to a dil. 
soln. of c a d mi n m sulphate, but with a cone, soln, a white precipitate of a complex 
salt is formed; with a feebly acidified soln. of cadmium sulphate, there is first 
formed cadmium hyposulphite which then decomposes to the sulphide : CdS04 
-4-3H28204~CdS+H2S04-f-2H2803+3S02; sodium thiosulphate may also be 
produced: CdS044-3Na2S204=~Cd8+2Na2S03+Na2S04-4-3S02. According to 

J. Meyer, a dil. soln. of mercuric nitrate forms with the hyposulphite a colloidal 
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Holii. (^f mercury ; and (), Brunck, and N. A. Orlo£f found that in neutral or acidic 
soln., all the mercury is precipitated as metal; and if an excess of hy])osulphite 
is present, some iin rcury sulphide is formed. 

0. Bruiick found that soln. of aluminium salts, in the absence of Ikh* acid, when 
boiled with sodium hyposul])hite, precipitate incompl(‘t(‘]y aluminium hydroxide 
mixed with sulphur ; at ordinary temj). neutral soln. of indium salts give' no preci¬ 
pitate, but when boiled, yellow indium suljihide is incompletely jirecipitated as 
a decomposition product of the hyposulphite. With acidic soln., no precipitate is 
formed. Neutral soln. of thallium salts, in tin) cold, give a reddish-brown, viole.t, 
or black ])recipitate of thallous sulphide. The precipitation is incomplete. Witli 
feebly aciditied soln., a red precipitate is formed immediately ; and witli strongly 
acidified soln., no precipitation occurs. 

According to C, K. Fresenius, suljilmric acid or hydrocliloric acid soln. of 
titanic oxide arc coloured an intense rod by hvjKisulphites, and the colour gradually 
fades to reddish-yellow, and yellowy and finally b(‘eom(‘S colourl(‘ss. O. Brunck 
said that the colour does not appear with alkaline soln. Presumably the n'daetion 
of titanium tetrachloride is symbolized ; Titlj f NH.jSof)4*~^2TiCl;^-| 2 NaCl f 2SO2 i 
but E. Knecht found that sulphurous acid is reduc(‘d to hyposuljiliurous acid by 
titanium trichloride: 2TiC!l3+2Na(’l j 2800 - ^Ti('l4-[-Na2S204. The equilibrium 
conditions were studied by K. JelHnck, and 1 >. Oicdhelm and F. FbrsttT. (). Iknnck 
found that the bcdiaviour of zirconium salts towards liyposulpliiti's is v^ery like that 
with aluminium salts. No jirccipitate is form(‘d with acidified soln., and with a 
boiling neutral soln., wliite zirconic hydroxide mixed with sulphur is formed. No 
}*recipitation occurs with neutral or acidified soln. of germanium salts. A feebly- 
acidifieil, cone. soln. of stannous Chloride gives a voluminous, white ])recipitate when 
treated wuth a 10 per cent. soln. of sodium hyposulphite; stannous hyposulphite 
appears to be formed, and wdth an excess of the hy]>osu]phit(% a soluble double 
salt is producitd ; and this easily decomposi‘s into tin and sulphur, if a dil. soln. 
of stannous chloride be stannous sulphide is j^reeipitated ; stannic chloride 

is completely precipitated as yellow tin sulphide by hyposulphite. When sodium 
hyposulphite is added to a neutral soln. of a lead salt, a yellowisli-wliite precipitate 
is formed which ra]>idly turns red, tluui brown, and finally black. The precipitation 
is complete. It is assunn^d that lead hyposulphite is first precipitated ; and this 
rapidly passes into the sulphide. 

K. Jellinek showed that chromic salts are not reduced by hyposul])hit(‘s to 
chromous salts. 0 . Brunck found that, at ordinary temp., chromic acid, and 
chromates are immediately reduced by hyposul})liite8 to chromic salts in neutral 
or in alkaline soln. A fe<‘bly acidified soln. of ammonium molybdate furnishes 
brown molybdenum sulphide; a neutral soln. is coloured brownish-red owing to 
the formation of ammonium sulphomolybdate. A feebly acidified soln. of 
ammonium tungstate is coloured deep blue; the neutral soln. is not changeii. 
V. Kohischiitter and H. l^ossi, and O. Brunck found that soln. of uranium ^ts 
are reduced by hyposulphites to uranous salts. A greyish-green precipitate of 
uranous sulphate is formed when a hyposulphite is added to a yellow soln. of uranyl 

acetate or nitrate. 

0 . Brunck found that manganous salt soln. suffer no visible change when 
freated with hyposulphites; acidified or neutral soln. of permanganates are 
immediately reduced to manganous salts; and in alkaline soln. the dioxide is 
precipitated. C. F. Mohr found that ferric salts are immediately reduced to ferrous 
salts: Na2ap4-bFe2(804)3+H2S04-2Fe804-h2NaHS04+2802; and 0 . Brunck 
found that when a neutral soln. of a ferrous salt is warmed, black iron sulphide is 
precipitated. Neutral or ammoniacal soln. of nickel salts give a precipitate of 
nickel sulphide; and cobalt salt soln. behave in an analogous manner. 

The addition of hy}>osuli)hite to a dil. soln. of platinic chloride gives a yellow 
exploration which becomes dark red owing to the formation of platinous cldoride. 
A colloidal soln. of platinum is nut formed, but the metal is soon precipitated. 
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Neutral or acidified solu. of palladiam salts are, at once, completely reduced to 
metal mixed with 8ome sulphide. 

The hyposiilplutes are used in dyeing and colour printing ; n in bleaching 
sugar , and in some analytical work. The so-called rongahte and hydralditc 
are commercial names for complexes of sodium hyi)osulphide and formaid(‘hyd(‘ 
used as discharges for cotton. 

The constitution of h 3 i>osulphiirous acid and the hyposulphites. - P. Schutztui- 

berger first gave NaHSOo as the formula of sodium hyposulphite, but 
A. Bernthsen showed that the formula is NaS02 or a multiple of this (NaS02)n* 
P. Schiitzonberger assumed that the reactions : 2S02+Zn-f H2O—H2SO2 f ZnSO^ ; 
and 3NaHS03+Zn --ZnS03+H204~Na2S03-|-NaHS()2 show that the sodium salt 
contains only one atom of sodium in accord with the formula HO.BO.H; 
C. W. Blomstrand also explained the reducing properties of the acid by assuming 
that it has the aldehydic structure HO.SO.H, and when the acid is oxidized, it 
becomes HO.SO.OH. The formulae H2SO2 and NaHS02 w<‘re supported by 
W. A. Dixon, J. (Trossmann, M. Prud’homme, and L. Baumann and co-workers. 
A. Bernthsen fimnd that in the oxidation of the hyposulphite, one atom of sulphur 
in the hyposulphite requires 3 atoms ofiodine to form sulphuric acid ; and hence the 
anhydride of hyposulphurous acfd must be S2O3, not SO ; also, analysis shows that 
the atomic proportion Ka : S is as 1 : 1 ; and this agrees with the empirical formula 
(NaSOoln- This also agrees with M. Bazlen’s analysis. This is supported by the 
formation of the zinc salt, ‘ZnS204, when zinc dissolves in sulphurous acid, Zn-h 2SO2 
=ZnS204, observed by A. Bernthsen; and by the action of sulphur dioxide on 
granulated zinc in a cooled flask containing absolute alcohol. J. Meyer found that 
if the oxidation of sodium hyposulphite be conducted with an ammoniacal solii. 
of cupric sulphate, two stages can be recognized; for, in the cold, sodium sulphite 
is formed, and at a higher temp., in the presence of ammonium chloride, sodium 
sulphate. A, Bernthsen showed that the consumption of oxygen agrees with the 
equations ; Na2S204-f 0“ Na2S205, followed by the oxidation of the i)yrosulphite : 
NaoSoOs-r O2-+HoO—2NaHS04. H. Moissan said that the synthesis of the 
hyposulphite by the action of the alkaH or alkaline earth hydride on sul])hur dioxide 
proceeds according to the reaction: 2KII+2S02=*=K2B204+H2; and nut as 
formulated by P. Schiitzenberger : 2 KIl-f 2S02~2KHS02. H. Erdmann and 
H. van der Smissen did not confirm H. Moissan’s observation in the case of calcium 
hydride, 

Whil(‘ chemical analysis does not distinguivsh between the formula NaSOo 
or Na2S204—or still higher multiples—the ])robability is that the acid is dibasic 
because all the other oxy-sulphur acids arc dibasic with respect to sodium. This 
is confirmed by observations on the electrical conductivity of soln. of sodium hypo¬ 
sulphite basicity rule— 1. 15 , 13 —and also with the assumption that with complete 
ionization the factor i —1. 10 , 15 —approaches 3 , in accord with Na2S204=F=i2Na* 
+S2O4", and not with NaS02^Na +SO2'. This conclusion is also in harmony 
with measurements of the f.p. of dil. soln. of sodium hyposulphite. 

J. Meyer, and C. Engler deduced a graphic formula on the assumption that 
hyposulphurous acid is formed by the reduction of asymmetric sulphurous acid: 


h.so.,„?h, h 

H.SO.J OH^ H 


2H,0 + 


H.SO, 

H.SOj 


and that when oxidized, dithionic acid is formed : 

H.80, , „ __ HO.SO, 

* “ HO.SO, 

M. Bazlen suggested that hyposulphurous acid is a disulphinic acid H.SOj.SOgH, 
with a S. 8 -linkage. This explains its formation by the reduction of sulphurous 
acid. Powerful oxidizing agents, such as iodine, cause rupture of the S.S-linking 
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with production of sulphate in ydaco of the expected dithionate. Under C(^rfaiii 
conditions, manganese dioxide, potassium ]>ernuinganate, or nickel oxide ca\ise 
the formation of dithionic acid, whkli is also ol)tained from sulphurous acid; in 
alkaline soln., however, dithionate is either not obtained or prodiice<l only in sub¬ 
ordinate amount from sulphite. A. Biuz, liowever, argued that wlieii methyl 
snl])hate is treated with sodium hy])osu]phit(‘, methyl hyposuljdiite is first formed, 
((dyMS04 + Nao8A\ -Na^>S04l ((Jir3)2SJ)4; and that this deeom])Ohes min 
dimethvlsulphone“: (('113)28204 “SO.^-f (('1^3)2802. He therefore reeommended 
an asymmetrical formula I^^i. 80 , 0 .S(K.Na. This agrees with the action of sodium 
hyj)oHulpliite on formaldehyde- jireviously indicat(‘d -which results in the scission 
of the molecule at the oxygen junction between the two suljihur atoms ; 


^S.ONa 

SO.ONa 


+ 2CH2O UbUO 


.S.ONa , CHoOH 
"CHnOH"^ ^ SO.ONa 


and the formation of liyposuljihitc from sodium liydrosulydiite and sodium fonnalde- 
liydfisulphoxylate is repreRent(‘d by the equation : 


280< 


OH 

OXa 


4 S</ 


OXa 

o (duoii 


XaO.KSO ^ , SOXa 
XaO.S CH 2 OH 


i H,0 


This also agrees with the assumption that liyposuljdiurous acid is a mixed anhydro- 
acid with an asymmetrical structure, and derived from a mol. each of sulphurous 
and bulphoxylic acids. It might then be anticijiatcd that the hydrolysis of sodium 
hyposulphit(‘ should furnish tin* sodium salts of these twro acids : Na28204-|-H20 
NaHSO^-l XaHSO^ ; i)nt this is not the case. This means that the oxygen- 
bridge in tlic hvjiosiilphites is \ery stable, and that it resists hydrolysis. The 
stability of the oxygen-bridge is supposed to be an effect of the unsaturated wstati* 
of the sulphur atiuii of the sulphoxylate. The effect of mild oxidizing agents™ 
nV/c -supports the as^’inmotrical strueture. 

There are diifenmt view\s as to th(‘ way the sodium is combined in the molecule ; 
and this, in turn, is di'pendent on the active valencies of the sulphur atoms. Thus, 
there are tin' alt<Tnate forms : 


CH2OH.O ^ 

XaO ^ ^ 

CH.OH.O. ^ O 
O 

Aldrhydomilphlte 


(.TLOH.O ^ 

“ XaO 

Na 

Aldcliydosulphoxvlatc 


XaO.S s . Iva.S 


JHyposu] phi t/C 


where th(‘ metal is attached to sulphur by an oxygen-bridge when the sulphur is 
assumed to have a low' valency, and it is attacheil directly to the sulphur atom when 
the higher valency is postulated. 

H. RucheiaT and A. Hchwalbe said that the sodium hyposulphite oldained by 
salting out from an aq. soln. always contains at least one mol. of constitutional 
w^ater, and they assign to it the first of the following formulae: 


0 Ji 

o-r™* 

0 OXa 


O. 

o 




d’H 2 (OH) 

OXa 


OXa ^ 


They say that it has two hydrogen atoms replaceable by a metal; that it is neutral 
towards litmus ; and that with formaldehyde it forms an additive product which 
condenses with the amines. The second of these abov(‘ formula^ is not probable 
because the evidence shows that the UH2O is united to sulphur by an oxygen- 
bridge ; and the formula does not explain the scission of the molecule into two 
unequal parts, hydrosulphite and sulphoxylate, as previously indicated. J. E. Orlofl:, 
and 11 . Re my have made some speculations on the constitution of the hyposul[)hites. 
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TUo tftrali«‘(lral fcitnjcture of the sii]j)!ioxi<les has been supporkn] ]>y the obser- 
> 4 <'t U»11> of H. PJ.ilhi aiul S. Sugdi'ii. If the unsyiumetrical siilphoxides 
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a piano i>f svnnnotry pas^in^ tlirongh the two radicles and R2' 
and bi'-e< ting tlie don]»lt‘ Innid, the\ should lx* oj^tieally inactiv<% but if the double 
bofni I's senii polar. jn of»tica}|y active inethybetliylarnine oxide (»f d, Mcdseii- 
heinn r, t In' t w (v stnu t uios are an.tlngous : 


Ei. 

ii.r 


s 


i) 


E,. 

Ro^ 


N< 


E. 

O 


<•'. Oddo discu'^sed tin* <a>iisrit nf ion td tli(M>xy~acids of sulphur in the light of 
hi^ f li(‘t»ry ot nn‘''oiiydry. H, Burgarth, and T, M. Jjowry has discussed the electronic 
structure of the oxy-adds of sulphur. The latter said that the S'^don has the 

• ‘leetrome stnielure : S and tliat the double negative charge of the sid])Iiidedoii 

would be <listribute<l betwei-n sulphur and oxygen in the S' O'-ion, or : : O of the 

)iy)>ot Ketieal acid H2SO ; whilst tlie S02''don, : O : S: O or O'- S - O'-ion of the 
acid il2‘^Oo has b(*th negative charges on oxygen, and none on sulphur. While 
the ion of Ji2SO acid is iiuai»af)l(* of (‘xistenc<‘, the ion of the H2'^02-acid has a low 
order of stabjlity. Stable ions begin to be formed only wdien the central suljdiur 
atom acquires a ]»oMtive charge as in tlie SO^^-ions : 


: 0 : 

01 

: 0 : S : O : 


iiuis {>f til" sulphites ; or tlie S04"-ions 
: 0 : 

:(): 8 : 0 : or 

‘': O : 


O 

o-s-o 


o 

o~ds"~-u 

(} 


ions of tlie suljihati s. The suljdiur seri«*s of acid ends when four oxygen atoms are 
linki'd to tin* central atom. Persmphuric acid of the formula H28O5 is known, but 
it is to be re garded as a monosulphouic derivative of hydrogen dioxide : 


O 

o 


o 

0 ,H 
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§ 13. The Hyposulphites 

M. rrud'homine ^ prepared ammonium hyposulphite, (NH4)2S204, by saturating 
a solri. of aiiimoiiium hydrosulphito, of sp. gr. 1*357, with a slight excess of ammonia, 
and agitating it in th<‘ cold with zinc turnings. Half the salt is converted into 
insoluble zinc diamrainosidphite, and half int^ soluble ammonium hyposulphite. 
The filtrate is fr<*e from zinc. The yield is 96-98 per cent, of the theoretical where 
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6 mols. of ammoniuia hydrosulphite form 2 mois. of ammonium hydrohyposulphite, 
presumably (NH4)HS204, one mol. of normal ammonium }iy|)osul})ljite, 2 mols. ol 
zinc siilphit(% and one mol. of the* diamminosuIj)liite. Tli(‘ ammonium liydrohyj)^)- 
sulpliite was not isolated. H. Moissan - obtained lithium hyposulphite, 
by the action of lithimn hydride on sulphurous acid. The read ion is sIovn at room 
temp., but proceeds quickly at 50 ". Some lithium sulphide is formed at the sanm 
tim(‘. The preparation of sodium hyposulphite, Na2S204^ has l)e(m (U\scribed in 
conneetion with the acid. The salt obtained from the aq. soln. at ordinary temp. 
IS the dihydrate, Na2S204.2H20, and it is very unstalde. The deliydration of tue 
liyposulphite without decomposition, said K. Jidlinek, %st von allcoi IIyposalphiiopt ra- 
thrnen dw sc/nvwriyste. The anhydrous salt is obtained by heating the dihydrate 
above its dehydration tern})., 52 ", either alone or under cone, alkali-lye, sodium 
chloride soln., or alcohol, removing the mother liquor by suction and drying in vacuo. 
Thes<‘ op(Tations were the subject of patents by th(‘ Badische Anilin- imd 8oda- 
fabrik, tlie (duunisehc Fabrik von Heydeii, and the Farbwerke vorm. Meister 
J^ucius uiid Brliniiig. It is everywher(‘ neces.sary to k(‘ep the salt alkaline in 
order to retard its decomposition ; and also to keep the salt agitated to prev(mt 
the formation of clots. The Badische Anilin- und Sodafabrik obtained the 
anhydrous salt by the action of sulphur dioxide on sodium, a h‘ad-sodium, or a 
mercury-sodium alloy, smqiended in alcohol or ether ; M. Billy said that th(‘ 
suljdiur dioxide reacts with sodium confined under alcohol, but not under ether ; 
ami E. Graiidmougin said that dry sulphur dioxide reacts with 
sodium only wlien traces of moisture are presmit. H. Moissan 
obtained the hyposuljiliitt* by the action of sodium hydride on 
sulj)huf dioxide. K. Jeilinek found that 100 grins, of water 
dissolved 21*1 grins, of the anhydrous salt at 20^; and 100 
gnus, of soln. at 1 ", 10 ", and 20 " contain respectively 12-85 
griiLs., 14-40 grins., and 16-46 grins., of NaoS204 with the 
dihydrate as th(‘ solid phase. The solubility curve is plotted 
in Fig. 43 . The ice-line extends to the eutectic at — 4 * 58 " 
with 1-93 molar }>er cent. Na2S204, The solubility curve, with 
tlu* dihydrate as solid phase, extends to the transition point 
at 52 " and 2*8 molar per cent, of Na2S204. M. Bazlen found 
that the transition temp, is 52 " under cone, alcohol, and is 
not much altered if the salt be under a soln. of sodifim chloride or sodium hyjjo- 
sulphite. Above 52 ", the anhydrous salt is the solid phase. Metastabh^ solu. are 
represented by the curves CBA. The curve CB represents the solubility of the 
anhydrous salt below the, transition temp, w'hen the anhydrous salt is more 
soluble and less stable than the hydrate. The curve BA repn-sents the solubility 
of the dihydrate above the transition temp., where it is more soluble and less 
stable than the anhydrous salt. 

P. Schiitzenberger described sodium hyposulphite as a salt which appears in 
colourless, acicular crystals which, when dried in vacuo, crumbK- to a powder. 
A. Bernthsen and M. Bazlen found that the dry salt can be kept many days in air 
without change, but when kept in a closed vessel for some months, it gradually 
loses its reducing power. In moist air, the salt is quickly oxidized, and becomes 
hot. The Badische Anilin- und Sodafabrik added that its decomposition into 
thiosulphate and pyxosuiphite is hindered if the crystals are washed with water 
mixed with alcohol or a ketone and dried immediately in vacuo. A. Bernthsen 
and M. Bazlen showed that the crystals melt when dehydrated at a dull red-heat, 
and burn with a blue flame with the evolution of sulphur dioxide. P. Schiitzen- 
herger said that when the salt is heated it develops water, sulphur, and sulphur 
dioxide, and leaves a residue of sodium sulphide and sulphate. M. Bazlen said 
that the heat of transfomaation of the dihydrate into the anliydrous salt is negative ; 
and that the heat of dehydration is also negative. R, RobI observed no fluorescence 
with the salt in ultra-violet light. K. Jeilinek found that soln. containing an eq. 
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of til.' .'-lilt, Na.^S204, in v litr.'s of water hail tlic eq. conductivity, A obms, and the 
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Anaioyou'^ \alues lor rhe .l.'grc" of ionization were ohtaiiu'd from the f.p. of the 
soln. J’ Selnitzi'iilM'rger foniul that the aalt'i.s .-loluble. in dil. alcohol, but not in 
cone, alcohol. As shown bv A. Renithsen and M. Bazlcii, when th<! aq. soln. i.s 
aci.lifie.l, it beeom..-- red, and .-uli.liur is formed. It. Wagner found that when the 
.•01, .voln. has lircn Icpt for .soni.' I ini.', it contains thio.sul]diate. . 1 . Meyer said 
that th" a.;, soln. sl.uvlv.lecomjios. s at l.o", and at higb.T t.-mp,, raj.idly : 2Nuo.SA)4 
-! H ..0 Na,.S,()j 1 2NallSOj The g.n.'ral r.'action.s have been indicatt'd in 

conn.ctioii wi'th iiYvosiili'limoie. acid. According to J-. Kymer, dry sodium 
hj]).>iil|ihite with 70 '.l.'i p.r cut, alcohol has a greater r.ahieuig action on dye.l 
I'otlou than wat.T ; but the addition of alcohol to the. aq. .soln. does not increa.se 
its reducing action. Eir.'s h.iv.' occurred in the transport of the dry salt owing to 
t]j<‘ ili'at bv tlu' action of moisture. 

According to fl.'M.ii.ssan, wh.'ii dry sulphur dio.xidc mixed with its own vol. 
of hydrogen i.s pass.d at onhiinrv t.mp., and under ordinary (ir reilueed press., 
ov<T potassium hydiidc, for about 50 -t )0 lirs., wliite potdSSiuni h 3 n?OSUlphlt 6 , 
Ki,S- (>4, ib formed. M. Bazbm showed that if ihv hydrated salt be extracted with 
boding a( etoniu and treated with methyl alcohol, the white salt is precipitated and 
can then ]a‘ dried in vacuo just (.ver 52 \ The Hadische Anihn- und Sodafalink 
obtained the tnhi/drate, K.S dB.oIf d), in sulphur-yellow needles, by treating a S(» n. 
of potassium hydrosulphati' and sulphur (iioxide with zinc-dust; adding milk- 
of-lime to the partially solid mixture ; atfding alcohol to the filtered liquor ; and 
shaking the cooled liquid pief jpitatf^ with alcohol. The anhydrous salt is fairly 
stable, but/ the hvdrate decfunpos^vb in a short time. id. Moissan pr(‘pared rubidium 
hyposulphite, iU).2Sj;04, by the action of sulphur dioxide under diminished press, 
on rubidium hydride ; caesium hyposulphite, CsoS204r was obtained in a similar 

H. Moissan prepared calcium hyposulphite, f^aS.204, by the actum of sulphur 
dioxide, at 900 mm. press., on calcium hydride. The action is vtny sIoav at ordinary 
pres.s. II. Erdmann and H. van der Kinissen added that dif Risnllale Moissans nicht 
hestdtU^cv. The Badisehf' Aiiiliu- und Sodafabrik mixed a soln. of sodium hypo¬ 
sulphite at 50 ' 70 with n c one. .soln. of calcium chloride, and stirred the liquid for 
some time. A soln. of calcium hvdrosulfdiite can be converted into the hyposulphite 
]>y methods described in conne<'tion with the hypiosulphites generally, and the 
neutral salt can be preci]>itated l^y the addition of calcium hydro.xide. A. li. Frank, 
and K. Elbs and K. Becker di.scu^«ed the preparation of this salt by the electrolysis 
of a soln. of calcium hydrosuiphite. The calcium hypoaulphiU) obtained by precipi¬ 
tation was found by M, Bazlen to be the hemitrihjdrate, CaS^O^d IHoO ; it furnishes 
wliite, acicular crystals which do not completely los(‘ their water at 120 . The 
Farbwerke vorm. Mei.ster Ludus und Briining said that the complex salt with 
aldehyde is fairly stable. Jf, Moissan made strontium hyposulphite, SrS204,^l>y 
the action of a current of Hul]>hur dioxide under press, on strontium hydride at 
The Badischc Aniliri- und Sodafabrik obtained magnesium hyposulphite, 
MgS2^4» method employid for the calcium salt; and A. R. Frank, by the 

electrolytic reduction of a soln. of magnesium hydrosuiphite—a process which 
K. Elbs and K. Becker found to give poor yields. H. Moissan did not make this 
salt by the action of sulphur dioxide on the hydride; but M. Billy found that when 
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liiagnesium in the presence of a neutral solvent, Hke ether (►r light jxjtroleiiin, is 
exposed to the action of sulphur dioxide, magnesium hyposulphite is formed. 
It is said that tracts of the metallic ethoxitle ajid hyilridi* art* lirst fornuxl; the* 
latt(‘r Hearts with the suljihur dioxide to form the hy])osiilplute regeneraiing 
hydrogen, which converts a fresh portion of the metal info t he hydride. An almost 
quantitative yhdd, and a more stable })roduct, was obtained by the Bjidische Anilin- 
uiid Sodafabrik from a mixture of 750 litres of alcohol, 250 litres of water, 270 kgrms. 
of zinc-dust, and 470 kgrms. of sul]>huric acid, well-stirr(‘(l at a temp, above 10'-- 
best at CO'^~75'"—washing the product with cone, alcohol, and drying in vacuo at 
GC- 70\ M. Bazlen obtained the hydrated salt, contaminated witli some siiljiiiitc 
by passing sulj)hiir dioxide into water agitate<l with zinc-dust at 30"—l0^ ; and 
allowing fh(‘ oily liquid to crystallize. A similar ])ro(U‘ss was ruiifdoyrd by the 
Chcmischo Fabrik von (irimaii Landsliotf und According to V. von 

J..ang, the acicular crystals are rhombic and have the axial ratios a : h : c 
1'017G : 1 : 0*5691. M. Bazlen said that th(j salt is very sciluhh* in wat<T and is 
Iiabl<‘ to form supersaturated soln. ; the Farbiuifalnik vorm. F. Bayer also 
found it to be easily soluble in aq. ammonia. The salt rapidly loses its r(*du(‘ing 
})OW(T w'litm (‘Xposed to air ; and when kept in closed vessels it loses sulphur dioxide. 

]V1. Bazlen observed that a soln. of zinc hy])osulphitc forms complex salts Avitli 
the alkalies and alkaline earths. The Farbenfabrik vorm. F. Bayer obtained 
soluble ammonium 2dnc h3rposulphite» by reducing an alkali hydrosulphite A\iih 
zinc-dust in the presence of ammouiuiu chloride. The Badische Aniliii- nml 
Sodafabrik obtained sodium zinc hyposulphite, Na 2 S 204 .ZnS 204 , as a crystallim; 
precipitate by adding sodium chloride, nitnti*. or ac'tdafe to a soln. of zinc hy])o- 
sulphite ; the water of crystallization is expelb'd at KK)'- 110"’. It is also made by 
adding zinc chloride to a soln. of sodium liyposulphite. iM. Bazhm said that tliis 
salt is ])roduced as a white solid when sulphur<ms acid soln. (d sodium liyd^o^ulph^t(^ 
is reduced with zinc-dust. The product is impure. Similar remarks apfily to other 
mod(‘S of preparation in AA'liich zinc and sodium salts arc involved-—c.//. of the 
Farbwerk(‘ vorm. Moister Lucius imd Briiiiing, tli(‘ (duuni.sche Fabrik voii Griesheim 
Elektron, and G, Miinch, The double salt is said to be fairly stable ; less easil 3 >^ 
dissolved by water than the component salts ; easily soluble in ammonia. The 
Farbenfabrik vorm. F. Bayer obtained what was considered to be sodium zinc 
sulphitodihyposulphite, Na 2 S 03 . 2 ZnS 204 , by tn‘ating a warm soln. of zinc liyposui- 
phite with sodium hydrosulphite. M, Bazlen, tin* Badische Anilin- und Sodafabrik, 
and the Farbwerke vorm. Meister Lucius untl Briining pr(‘]>ared potassium zinc 
hyiKMSUlphite by tlie method employed for the sodium salt. It is insoluble in 
alcohol, M. Bazlen found that calcium zinc hyposulphite is more soluble than its 
components, and J. Grossmann thought that tlie soln. of the double salt was an 
easily soluble calcium hydrohyposidphite. O. Brunck jirepared sodium cadmium 
hyposulphite, Na 2 S 204 . 2 CdS 204 , as a white crystalline ]>r(‘cipitate, by mixing cone, 
soln. of cadmium sulphate and sodium hyposulphite. P. B. Sarkar jirepari'd 
gadolinium hyposulphite in an impure state. 0. Brunck found that staimous 
h3rposulphite is obtained as a white crystalline precipitate by adding stannous 
chloride in neutral soln. to a soln. of sodium hyposuljihite. The prcci]htate is 
soluble in an excess of the sodium salt; if the stannous chloride soln. be acidic, 
stannous sulphide is precipitated as indicated above. According to W. Farmer 
and J. B. Firth, sodium arsenious hyposulphite, NagAsfS^O^la, was fornud as a 
cream-white powder by agitating a mixture of 2*75 grms. of sodium hyposulphite 
in a cold soln. of 2*75 grins, of sodium arsenate in 3 c.c. of water. Tlie granular 
precipitate was washed five times by decantation Avith methylated alcohol and four 
times with benzene, and dried in a quartz dish in vacuo over sulphuric acid for 
24 hrs. When a small quantity of the product is strongly heated in a bunsen fin me, 
a brown and a yellow sublimate is formed and a garlic odour developed. If 
cautiously heated, the product first turns brown and, when more strongly heated, 
gives a brown and a yellow sublimate as before. When a small quantity of the 
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prcKluct is treated with dil. hydrochloric acid, sulphur dioxide is evolved and 
brown arsenic tritasulphide, As^^S, is formed. 
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§ 14. Sulphur Sesquioidde 

The hypothetical hyposulphurous anhydride, S2O3, has not bt'en prepared, but 
R. Weber 1 reported what he called dithionoxyd, or thionyl OZide» (80)00, or 
sulphur 86SQUioxid69 SoO^, to be formed by the action of dried flowers of sulphur, 
added in small quantities at a time, on an excess of 8ulj)hur trioxide. Drop.s of 
a deep blue colour sink to the bottom and solidify immediately ; the temp, during 
the operation must be ke,pt at about 15^, for if it is lowf*r, the anhydride no longer 
remains liquid; if higher, the substance decomposes. When about a gram of 
sulphur has been added, the anhydride, which should have remained ptTfectly 
colourless, is poured oH, and the solid bluish-green crystalline mass is freed from any 
impurities that remain by gentle heat. The bluish-green crystalline imiss decom¬ 
poses at ordinary temp, giving off sulphur dioxide, and leaving, when sheltered from 
moisture, perfectly dry sulphur. In presence of water it is immediately decom¬ 
posed, forming sulphuric, sulphurous, and probably thiosulphuric acids. Absolute 
alcohol and anhydrous ether decompose it with deq>o8ition of sulphur. The 
sesquioxide is insoluble in sulphur trioxide, but it is very soluble in a mixture of 
sulphur trioxide and ordinary sulphuric acid, and the solution when kept in sealed 
tubes remains blue for many weeks, but gradually becomes green, then brown, 
and finally assumes the ordinary hue of oil of vitriol. The brown liquid is pro¬ 
duced by the addition of weaker acid or of sulphur to the blue soln.; the former 
is the much less stable of the two. The blue sesquioxide dissolves in a mixture of 
sulphuric acid containing a fifth or less of sulphur trioxide, with formation of the 
brown liquid; in an acid containing more than a filEth sulphur trioxide a blue 
liquid is produced, while in an acid weaker than sulphuric acid the sesquioxide 
18 completely decomposed. The sulphur sesquioxide prepared by R. Weber is 
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an indifierent oxide, which cannot be regarded as the anhydride of an acid. 
II. Fiotrowsky observeci its formation in the action of hydrazine on snlpliur dioxide. 

The blue substance; has been in part discussed in connection with colloidal 
sulphur (q.v.). In 1804, (\ F. Bucholz obtained a blue distillate by heating a 
mixture of sulphur and sulphuric acid in a retort. F. C. Vogel obtain(*d it by the 
action of sulphur on sulphur trioxidc* and notc^d that by using dilferent pro])ortions 
of sulphur and of its trioxidc*, brown, green, and blue }»roducts are obtained. The 
brown substance contains the largest proportion of sulphur, and the blue substance 
the least. When the mixtures are heated, they (*volve sulphur dioxide, and some¬ 
times a little sulphur trioxide while sulphuric acid remains btdiind—this shows 
that som('> water was also present. In contact witli water, these colour(‘d products 
are resolved, with the (‘volution of much heat, into sulphur, and sulphurous and 
8 ul})huric acids. The blue product forms sulphates with the alkalicis and alkaline 
(‘arths while much sulphur dioxide is <*volved. J. S. C. Scliweigger showed that 
the coloured substances can be readily converted one into the oth(;r, and that all 
of them are readily decomt)OH(‘d, forming sulphur, etc. H. Hose obsc^rved that the 
blue liquid njacts violently with ammonia gas, forming a carmine-r(‘d soln. which 
produces a white mass of ammoniacal salts having red spots here and there. 
When (‘Xtracted with water, sulphur remains uiidissolved. According to 
-N. W. F is<‘her, when the vapour of anhydrous sulphuric acid is passed into a tubt; 
containing dry sulphur and the tube scahid, the blue product is formed at particular 
places, and is inmiediately decompos(‘d, forming sulphur dioxide and trioxide. If 
a trace of moisture be present, there may be a slight evolution of gas, and a liquid 
is formed wliich is first brown, then green, and finally blue. In a few days, the 
liquid becomes colourless. When the tube is opened, sulphur dioxide escapes 
wi^h violence, and the remainder may form a blue liquid. Sulphuric acid itself 
dissolves vfjry little sulphur. J. J. Berzelius, and W. Stein supposed that these 
coloured liquids are soln. of sulphur, and a similar conclusion was drawn by 
J. Biehringer and W. Topaloff. C. F. Wach obtained the coloured liquids by 
allowing alternate layers of well-dried flowers of sulphur and sulphur trioxide, in 
s(*aled glass tubes, to art on one another at For the brown product, 

sulphur and sulpliur trioxide were employed in the gravimetric proportions 2 : 10 ; 
for the green li(|uid, 1*5 : 10 ; and for the blue liquid, 1 : 10 . 

F. F. von Weimarn r(‘garded the blue sulphur s(\squioxide as a soln. of sulphur 
in the trioxide. K. Auerbach said that sulphur dissolves in j)yrosulphuric acid 
as without the formation of S 2 O 3 ; and he found that the f.p. of 

soln. of siilj)hur in pyrosulphuric acid indicated that the sulphur is in the diatomic 
form, and is less j>ol}Tnerized- i.e, more highly disperseci—than it is in most 
organic solvents where it is octatomic. No indication of the formation of sulphur 
sesquioxide was obtained. 

1. Vog(d and J. K. Partington obtained a substance of approximately constant 
composition—S 2 O 3 —by adding either sulphur to liquid sulphur trioxxde or vice 
versa. The mol. wd. in soln. could not be determined because it was at once 
decomtX)sed by all the solvents tried, including phosphorus oxychloride. The 
sesquioxide bc'gins to decompose at about 70°, and decom^wsition is complete at 
95°. The residue then melts to a liquid which has all the characteristic })roperiies 
of sulphur. When the sesquioxide is treated with water, it is immediately decom- 
jmsed, forming a pale yellow soln., which immediately decomposes, forming a turbid 
sola, by the separation of sulphur. The filtered soln. contains sulphuric and 
trithionic acids together with indications of tetrathionic, pentathionic, and 
8 ul}}hurous acids. It was suggested that the decomposition first proceeds: 
S 2 O 3 — 8 O+SO 2 ; that some of the monoxide polymerizes and forms pentathionic 
acid : 680 -f'H 20=1128500 ; and that another portion produces sulphoxylic acid : 
S 0 -fH 20 —H 28 O 2 . The formation of trithionic acid may take place in accord 
with th(! equation: S 2 O 3 FSO 2 +H 2 O—H 2 S 3 O 0 , or 80 -f 2 S 02 “fH 2 O~-H 2 S 3 O 0 . 
The trithionic acid then reacts with nascent sulphur, forming tetrathionic and 
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pentathionic acids. There is a violent reaction with ether and the product decom¬ 
poses with the separation of sulphur, and the formation of a yellow soln.; and a 
similar result was obtained with absolute ethyl alcohol. With an anhydrous soln. 
of sodium ethoxide, there is a vigorous reaction, forming a yellowish-brown liquid 
and a yellow crystalline solid—sodium ethyl sulplioxylate, Na(C 2 ^^ 5 )^^ 2 » Sulphur 
sesquioxide dissolves in oleum with the formati(m of a deep blue soln. identical 
with that produced by the addition of sulphur. A soln. of indigo in cone, sulphuric 
acid or of indigo-carmine in water is partially decolorized ; in no case could complete 
decoloration be effected even by the addition of comparatively large quantities of the 
substance. A similar reaction takes [)lace with strongly ammoniacal copper sulphate 
soln., the decoloration being only partial. I. Vogel and J. R. Partington concluded 
that pure sulphur is insoluble in pure sulphur trioxide, although combination occurs 
with the formation of sulphur sesquiox’de, which is also practically insoluble. It 
is only in the presence of small qiiai.. .e.s of water that the substance dissolves 
to a blue soln. The blue liquid is a molecular soln. of sulphur sesquioxide in oleum, 
whilst the other coloured liquids produced by the dissolution of sulphur in fuming 
sulphuric acid of certain strengths art* mixtures of colloidal soln. of sulphur and 
mol. soln. of sulphur sesquioxide. The com])oun(l w^as studied by W. Prandtl 
and P. Borinsky who represented its constitution by 


O 
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§ 15. Sulphur Dioxide and Sulphurous Acid 

It was shown in connection with the history of sulphur that the fumes from 
burning sulphur were used from the earliest times for disinfecting purpo.s(‘S. 
Paracelsus,1 in his De naiuralihus rebus, said that crude sulj)hur has the property 
of bleaching red colour.s with its fumes ; it turns red roses into whitt* on<*8.'’ 
A. Libavius, 1595, obtained what he called spiritus sulfuris acidns by leading the 
fumes from burning sulphur into a vessel full of w^ater; and he observed that 
when this soln. is exposed to air it is con\erted into an acid identical with that 
obtained by distilling vitriol, or treating sulphur with nitric acid. J. B. van 
Helinont observed that the gas extinguislicd a flame, and he rt'garded it as a 
spit it us sylvestris. He said : 

Every seed of burnt sulphur is destroyed l>y the flame and it is thereby transformed 
into a gas or a spiriium ftylvestrcni, wlih'h by reason of the properties of its own concrete 
or composed body, is an antidote against t)ie pest. 

G. E. Stahl, 1702, distinguished between sulphurous and sulphuric acids and called 
them respectively acidum volatile, and acidum fixum, although some later writers 
- H. Boerhaave said that the two acids are the same. G, E. Stahl supposed 
sulphurous acid to come between sulphur and suljdiuric acid ; and said that 
sulphur in burning looses phlogiston and forms sulphuric acid, and that the 
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sulphuric acid unites with some undocomposed sulphur to form sulphurous 
acid; hence sulphurous acid was considered io be phloi; 1 st leafed sulphuric acid. 
A circumstance, addc'd II. C’avendish, ‘‘ which 1 think shows the truth of this, 
is that if oil of vitriol be distilled from sulphur, the liquor which (jorues over wull 
be the volatile sulphureous acid.’' J. Pri<*.sth‘y, 1775 , ])r(‘pan‘d sulphur dioxide, 
and coll(‘cted it over mercury. He called it vitriolic and air. In opposition to 
the ])hlogiston theory, A. L. ]javoisi<‘r, 1777 , ])rov(‘d that the diff(‘rence between 
sulphurous and sulj)huric acid is not due to the diilercuit ])roportions of contained 
phlogiston, but rather to the d(‘greo of oxidation of the suli>hur. He calh*d the 
gas from burning sulphur gaz acide sulfureux, and the soln. in watcT acide sulfuieux 
in contrast with the more highly oxidized a<'ide sulfurupic. The gas was analysed 
by J. L. Gay Lussac in 1808 , and by J. J. Berzelius in 1811 , and 1818 ; and its 
salts were studi(*d by A. F. do Fourcroy and L. N. Vaiiquelin. 

Sulphur dioxide occurs in the gaseous exhalations of ve>lcanoes and fumaroles 
as indicat(‘d in connection with hydrogen sulpliide. The prestuice of sulphur 
dioxide in the gah(*s associated with volcani<‘ activity is conuncui. The gas is found 
ill the grotto(\s of Sant a-Flora, Sienna, /Etna, Btromboli, Bourbon, etc., as well 
as in the volcanot‘S of Java, Andes, etc. It also occurs in th(* springs of water near 
active volcanoes. Tlie occurrence of sulphur dioxide in the fumes from Vesuvius 
was noted by If. l)avy ; 2 T. Monticelli and N. Co veil i said that the gas is pro¬ 
duced in fissures and lioles only when atm air is in contact with red-hot lava ; 
and F. HofTmann, that hydrogen sulphide, not sulphur dioxide, was emitted by 
flak‘'h of fr(\sh scorije when broken. Hence, added G. Bischof, the ]>resence of 
sulphur dioxidi' pri*supposes atm. air, and it (‘an be supposed to be formed at such 
d(‘pths as are accessible to air, whether the sulphur is furnished by suljiluir or by 
su]])hides. L. Kicciardi attributed the formation of sulphur dioxide in volcanic 
gases to the interaction of silica with < al< unn and magn(‘8ium sulphates, (ither 
jointly or singly, and the sulphur trioxi(h* which si'parates is decompos(‘d into 
sulphur dioxide and oxygen: SiO^ MgSiO^ (enstatit(‘)H SO3 ; SiO*^ 

j (’aS04 C'aSiO^ (wx)llastomte)-|-803; and Si02+CaS04“f MgSO4“Mg0aSiO4 
(monticellite) f-2803. artificial mixture of granite with magnesium and 

calcium sulphates evolved sulphur dioxide. On the other hand, R. Bunsen 
attributed the formation of suljihur dioxide to the oxidation of liydrogen sulphide, 
and to the decomposition of the sul]>hat(‘s of the alkalies and alkaline earths at a 
high temp. K. T. Chamberlin also observed that ferrous sulphate and basic f(‘rric 
sulphate are decomposed by heat: 2FeS04==^Fe203 i-B02-{ SO3 ; and Fe2S209 
Fe203-f 28O3. He also noticed that some rocks give off relatively large amounts 
of sulphur dioxid(‘ when heated. G. C. Wittstein noted sul])hur dioxide in the 
waters of Alle Brese, Grisons. Bulphurous acid has been found in numerous 
mineral waiters by F. Boudet, and otliers. G. Witz observed that the existence 
of sulphur dioxide as a normal constituent of the air of towms is shonn by the fact 
that placards coloured with red-lead, posted in situations where they are pro¬ 
tected from the sun and rain, became gradually decolorized, whereas similar 
placards exposf‘d under similar combtions in country air retain their colour 
unimpaired. The decolorized ])lacards are found to contain lead suljJiate and 
lead sulphite, the lead dioxide in the red-lead having been coiiverti'd into the 
former, and the monoxide into the latter. This decolorization of tin' red-lead 
takes place raiKih more rapidly in shop windows wlnu'c gas is burnt. Sulphurous 
acid w’as also found to occur in hail, snow, and especially hoar frosts in the neigh¬ 
bourhood of towns. L. Coniglio found alkali sulphites to lie products of the normal 
activity of Vesuvius. G. H. Bailey found a maximum of 32*2 mgrms. of S()2 per 
100 c. ft. of the air of Manchester and Salford, and a minimum of 1*0 mgrrn. per 
100 c. ftu— vide 8. 49, 1. H. Wbsliceuus observed that the air in different parts 
of the Tharandt Forest, ten kilometresfrom any sourct' of smoki, sliowed the presence 
of sulphur dioxide inside the for<‘st though in less quantity tlian at the edges. 
G. le Blanc reported it to occur in some natural waters, though its tendency to 
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oxidation to sulphuric acid renders it an unlikely occurrence except in very special 
cases. 

Preparation. —Sulphur dioxide is formed when sulphur burns in air or oxygen. 
Some sulphur trioxide is produced at the same tim(‘, as indieat(‘d in conru'ction with 
the chemical properti(‘s of sulplinr. If air be emplo^’^etl, the sulphur dioxide is of 
course accompanied by nitrogen from the air. The nitrogen does no harm in some 
of the technical applications of the gas. Numerous furnaces have been devised for 
burning sulphur ; many of these are jirovided with automatic feeders, and agitators. 
These are described by W. Wyld,'^ and others in works devottnl to the manufacture 
of sulphuric acid. The gas is also obtained by roasting many metal sulphides in 
air. in 1818, T. Hills and U. Haddock obtained a patent in England for jiroduciiig 
sulphur dioxide by roasting pyrites for the manufacture of suljihuric acid ; but, 
according to E. Sorel, this was done by a French manufaetiirer, M. d’Artigues, in 
1793. N. Clement also made experiments on the subject in 1810. The Inirning of 
pyrites on a large scale is done by heating iron pyrites, cojijier pyrites, zin(‘blende, 
etc., in special kilns or burners, so arranged that the heat of oxidation is iitilizt'd 
for maintaining the process without extraneou.s fuel. As shown by A. Scheurer- 
Kestner, G. Lunge and F. Salathe, and I). Pierson, some sulphur trioxide is formed 
in this operatK )!!—xnde sujyra, the oxidation of sulphur. There are also burners 
arranged for roasting the spent oxide of gas-works so as to conv(Tt the sulphur 
into sulphur dioxide; hydrogen sulphide may also b(‘ burnt to sulphur dioxidr* 
in special burners. Some sulphide ores are roasted in heaps in the open air with¬ 
out any regard for the contained sulphur. The ultimate object is the extraction of 
the metal. The damage to health and vegetation is, however, so great that the 
nuisance has been stopped by legal enactments. For the same reason, the noxious 
vapours—mainly sulphur dioxide—in many manufa(’turing districts have to be 
treated for the removal of sulphur dioxide and trioxide before the .smoke is 
permitted to escape into the atmosphere. The various methods for treating acid- 
smoke, smelter-fumes, hydrogen sulphide, etc., for the recovery of the sulphur in 
the gas as sulphur dioxide, are described in special treatises—e.r/. by C. A. Hering, 
C. Schnabel, W. Wyld, etc. F. Siemens converted hydrogen sulphide into sulphur 
dioxide by burning it admixed with air at 280°-320^ in contact with a catalyst 
containing a metal capable of combining with sulphur— e.g. copper, nickel, or iron 
—and an oxygen carrier— e.g. vanadium, chromium, or molybdenum. L. H. Diehl 
devised a process for recovering the 1*5 per cent, of sulphur—chiefly as calcium 
sulphide—^in blast-furnace slag, by blowing hot air through the fused slag as it is 
tapped from the furnace. The air which escapes at about 950"^ contains about 
10 per cent, of sulphur dioxide by vol. Sulphur dioxide is also formed when 
other sulphur compounds are heated in air— e.g. when carbon disulphide is burnt; 
and as IJ. Collan and others have shown, when coal gas is burnt. 

Sulphur dioxide is also produced when the oxides of many metals—manganese, 
zinc, lead, mercury, etc., are heated with sulphur, or with sulphur compounds of 
the same metals. Thus, P, Bcrtiiier used pyrolusite, Mn02+2S^MnS-hS02 ; or 
2Mn02-f S—S02+2Mn0; and R. F. Marchand, a mixture of copper oxide and 
sulphur : 2CuO-f 2 S-~Cu 2SH"S02. F. Stolba heated sulphur with ferrous sulphate, 
FeS04+2S=FeS-j-2802, and, as a by-product, obtained ferrous sulphide for the 
manufacture of hydrogen sulphide; T. Terrell utilized the reaction; 2FeS04 
-f-2S+30==Fe203+4S02, and employed the ferric oxide as a pigment; the reaction 
of sulphur with cupric sulphate was stated by H. Schiff to proceed more easily 
than with ferrous sulphate. C. Bruckner made a special study of the action of 
sulphur on the sulphates. F. Martin and 0. Fuchs found that the alkaUne earth 
sulphates are reduced to sulphides when heated with iron, and the reduction occurs 
at a lower temp, than when coal is substituted for the iron. The reduction is 
complete in half an hour at 750° for calcium sulphate; at 850° for strontium 
sulphate; and at about 950° for barium sulphate. In the presence of insufficient 
iron and at about 150° higher, a rapid evolution of sulphur dioxide takes place. 
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The best conditions for this are, for calcium sulphate the mixture 16CaS04+15Fe, 
giving 80 per cent, of the theoretical yield of sulphur dioxide; for strontium 
sulphate the mixture 9SrS04~|-8Fe, giving an 88*9 per cent, yield. These reactions 
lead to the formation of well defined ferrites, 3Ca0,2Fe203~-Ca3Fe409 ; 2Sr0,Fe203 
—Sr2Fe205; and Ba0,Fe203-=^BaFe204. Too little iron leads to the formation of 
alkaline-earth sulphide, too much iron gives also iron sulphide. Sulphur dioxide 
is also evolved by heating the alkaline-earth sulphates with iron sulphide; this 
can be carried out commercially by using pyrites to which havS been added a little 
iron oxide. L. Moser purified the gas by the fractional distillation of the liquefied gas. 

Sulphur dioxide is produced in the thermal decomposition of cone, sulphuric 
acid, as when the acid is dropped into a red-hot platinum flask packed with 
pumice-stone. Sulphur dioxide is also formed when many sulphates are heated, 
for the sulphur trioxide first given off breaks up into oxygen and the gas in 
question. The V(‘rcin ChemiseW Fabriken Mannheim used iron oxide as catalyst 
at about 900 °—wfe sujrra, sulphur. H, S. El worthy obtained it by heating a 
mixture of sodium sulphide with calcium or sodium sulphate in a converter furnace 
in air, when all the sulphur is given off as sulphur dioxide ; and L. P. Basset 
lieated a mixture of calcium sulphate with alumina and powdered coal. Sulphur 
dioxi(h‘ is also formed when sulphuric acid is heated w^h sulphur: 2H2S04-I-S 
^ 3800 ^- 21120 , as shown by J. B. A. Diirnas, and C. F. Anthon. H. L. F. Melsens 
found it to b(‘ an advantage to mix the acid and sulphur with pumice-stone. 

F. Hart recommended warming sulphur with fuming sulphuric arid, containing 
30 per cent. SO3, when the blue solri. so formed is heated, sulpliur dioxide mixed 
with some trioxide is giv(m off. The evolution of the dioxide ceases when all the 
Irioxide has been acted uj)on, and the .sulphur melts. J. Knezaurek obtained 
sulj>hur dioxide by heating sulphuric acid with charcoal: 2H2S04-fC" 2H2O 

t 2SO2 } 002> for purposes where the admixed carbon monoxide and dioxide 
will do no harm. W. L. Scott recommended using acid of sp. gr. 1*824 containing 
74 p('r cent. SO3. If a more cone, acid is used, a portion is reduced to sulphur; 
and if a more dil. acid is employed, some hydrogen sulphide is formed. The 
washing liquid should be mixed with lead sulphate or coarsely powdered charcoal. 
One of the commonest methods of pre})aring small quantities of sulphur dioxide 
is to heat cone, sulphuric acid with copper: Cii~|-2H2S04 ~-S02+2H20-f (hiS04 
- ~inde 3 . 21 , fi. According to 0 . J. Warner, sulphuric acid is reduced to 8ul})hur 
dioxide at 160 ', and S. (’ook(‘ showed that the reaction is accelerated by the 
pre8(‘ncc of platinum. C. Bolle heated nitre-cake, acid sodium sulphate with 
wood-shavings and coke ; J. S. and A, A. Blowski, with petroleum sludge; 

G. Schildhaus and C. Condrea, with acid-tar or sludge ; and I. F. Llewellyn and 
P, S|)ence, and P. Hart with pyrites in order to obtain sulphur dioxide. Sulphur 
dioxide is formed by the action of cone, mineral acids on sulphites, on thiosulphates, 
and on all polythionic acids. L. G. Wesson found that solid metaliydrosulphite 
alone or mixed with a dry solid pyrosul])hate is hygroscopic in moist air, and gives off 
sulphur dioxide. G. Neumann obtained sulpliur dioxide from a Kipp's apparatus 
by using cubes made of calcium sulphite and plaster of Paris, and cone, sulphuric 
acid. E. Geisel, and F. W. Klister and F. Abegg devised an apparatus for pre- 
])aring the gas from cone, sulphuric acid and soln. of hydrosulphites. W. Garroway 
decomposed a soln. of sodium hydrosulphite by sodium hydrosulphate or sulphuric 
acid. Most of the sulphur dioxide is driven out in the cold, the remainder by the 
injection of steam. L. Monnet fused a mixture of alkali bydrosulphite and sodium 
thiosulphate, and found sulphur dioxide is given off when the granulated mass 
cornea in contact with water. P. Pierron obtained sulphur dioxide at the anode 
during the electrolysis of ammonium thiosulphate. F. Clausnizer observed that 
sulphur dioxide is formed by the acti(»n of phosphorus pentabromide on sulphuric 
acid; E. Divers and T. Haga, by the action of alkali metals on nitrosulphatcs; 
and H. Beckurts and R. Otto, by heating chlorosulphonic acid to 170 °~ 180 °. 
E. (Cardoso discussed the preparation and purification of the gas. 
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According to A. Gautier, water vapour attacks sulphides of the heavy metals 
—FeS, PbS, etc — at an incipient red-heat, forming hydrogen sulphide, hydrogen, 
and sulphur dioxid(\ In some cases, the sulphide is Knluced to metal--c./y. 
(>noS+ 2 H 20 ” 2 rn ’ S(> ^ 2110. The sulphur of hydrogen sulphidii may he 
oxidized by the oxygen of water-vapour at a red-heat giving sulphur dioxide, 
hydrog(‘n, and trac(*s of sul})hur, sul])huric acid, and thionic acids. Hence, the 
prescTU'c of oxyg('n is not necessary to account for sulphur dioxide in volcanic 
gases. 

Sulpliur dioxide' for inpndaction is made by a proci'ss which gives a product 
of a higher degrc'c of ])unty than is needed for some operations. If the sulphur 
dioxide is diluti'd vvitJi much inert gas, it re<piires concentration. This subject 
}.^ discussed in a sptxial monogra])!! by A. Har])f, and E. Schiitz, In some cases, 
tii‘‘ burner gases are serulibcd witli water, cooled with w^ater, and the resulting 
lojiiid heated in order to recover the absorbed sulphur dioxide- c.^. R. Pictet. 
F. H. Carpenter, II. Heg(der and N. Jj. Ibunz, Compagnie Industric'lle des Aleools 
de rArdecluy E. Schroi'der and M. Ilaeniseh. A. H. Eustis, etc. Other liquids hav«* 
been recommended in place of wat('r- c.ff. E. Berginann and T. Berliner used <i 
soln. of calcium hydro[)liosp}iate ; F. PI. Coombs, milk of lime or sodium carbonate ; 
H. K. Moore and R. B. Wolf, calcium chloride ; X L. Babe and H. J’ape, a soln. 
of an indifferent salt ; F. Kuhlmaun, beav^y coal-tar oil; P. Pascal, carbolic oil; 
etc. F. W. Andrews discus.s<*d the purification of commercial sulphur dioxide by 
fractional volatilization of the liquid. 

The physical properties of sulphur dioxide. —At ordinary temp, and ])ress . 
sulphur dioxide is a colourless gas of suftocating smell. It can be condensed to a 
colourless liquid, and froz<‘n to a eoluiirless, transparent, crystalline solid. The 
relative density of the gas, air unity, was found bv 11. Davy ^ to be 2'19d ; 
T. Thomson gave 2*2222; R. F. Marchand, 2*0412^ H. V. Ptegnault, 2*221 ; 
J. Buff, 2*2277 ; J, ,1. Berzelius, 2*217 ; J. L. Gay Lussac, 2*255 ; L. Bleekrode, 
2*234 at 15’; A, Leduo, 2*2639 -O-tXK)! ; G, Bauer, 2*8^1 at 716 mm., and 2*910 
at 724 rnm. D. Bertlielot gave 2*01835 (oxygen unity) at 0 " and 1 atm. press. 
Ph Mathias found the density, A of the sat. vapour of sulphur dioxide can be 
represented by 7)-~1’4328{1--/*»—*1*110(1 —?w)^+0*579-}, where m represents 
temp, refcrrini to the critical temp, as unit, m^TjTc ; or 1*0019—0*00334fl 

—0*07887(156 -0)^ L. P. Cailletet and E. Mathias found the density of the sat- 
vapour of sulphur dioxide, referred to water at 4®, io be : 

7*3" 24 7^ 58 2’ 78 7^ 100 0® 1*23 0* 144 0“ 154-9* 

Density . 000624 0-0112 0*0310 0 0464 00786 0-1340 0*2495 0*4017 

Towards the critical temp. 156®, the density of liquid and gas approach the limiting 
value 0*52. C, von Linde gave 0*002861 for the density of the gas at 0®—water 
unity; and G. Bauer, 0*00286 at —10® and atm. press. 
PL PiXner made some observations on this subject. 
The weight of a normal litre of sulphur dioxide was 
found by A. Leduc to be 2*9267 grins, and for the 
weight ir of gas at normal press, w^hen the weight is 
Wp at a press., p, between 0*5 and 1*0 atm., is W 
- lPj,,7G0{l-f0*0000323(760-p)}/p, A. Jaquerod and 
A. Pintza found 2*92664d:0*CKX)l gnus, when the value 
for oxygen was 1 *4292 grms. The weight of a litre of 
the gas at 0^ was 2*18172 grms. at 570 mm. press., and 
1*44572 grms. at 380 mm. press. G. Baume gave 2*9266 
grms. for the weight of the normal litre, and the coeff. 
representing the deviation from Boyle’s law is 0*02380 
between 0 and 1 atm. pres.s. M. S, Blanchard and S. P\ Pickering reviewed the 
literature on this subject. M. P^’araday gave 1*42 for the specific gravity of liquid 
Milphiir dioxide ; A. Bus.sy, M5 ; L. Dufour, 1*19 at - 20 ^ ; J. I. Pierre, 1*4911 at 
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-20-5'’: E. d’AndreefE, 1-4333 at (f; L. Blcektode, 1-359 at 15°; R. Nasini, 
1-,'1667 at 24°; and L. P. 0aillct«t and E. Mathias : 

0 0“ 217" rj2 0" 102-4" 120-45" 140-8" 15175 ' 155 Of." 

Sj>. gr. . 1-4338 ]-37f.7 1-2872 1-1041 1-0166 0-8690 0-7316 0-6370 

E. Mathias said that the density between 90° and 146° ean be represented by 
l-2312{i« - 0-569+] -655 v'l —in), where m denotes temp. reft‘rn‘d to the critical 
temp, as unit. E. ('ardoso fountl the law of the rectilinear diameter holds good 
except for a slight deviation m*ar the critical point—Fig. 44. W. Herz discussed 
the s]>. gr. of the liquid. A. J^ange re}>re.sented the sp. gr. />, and the mean coeft. 
(#f ml lira I expansion, fi, of tlie licpdd, hy 
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000223 

0 00210 
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0*00285 

000315 
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Idle change of vol. 8 c with ieiu}). was measured by J. I. Pierre, C. Drion, and 
K. d'AndreelT ; while A. Lange found : 

“lie -lid 0’ 20"* 40' (>0" so^ 3(10’ 

hr . 0 11510 OOOlio 1 0000 1 0375 1 0819 1*1389 1*2039 1*2929 

V. L Pertliollet » found the sp. gr. of a sat. aq sola, of sulphur dioxide to l)(‘ 

LOlO ; T. Thomson, LOriLj; K. Bunsen and F. Schonfeld gave 1*06091 at 0 ^ ; 

1-Ool72 4 it 10 ; 1*02586 at 20^ ; and 0-95548 at KP. At l^)^ A. Scott found for 
In, with 

NO, 0*.5 1 0 2*0 4*0 GO 8-0 10*0 por cent. 

S}>.\o l'002h 1*0050 1*0113 1*0221 1*0328 1*0420 1*0520 

\aUons w* r<* also ma<h* by E. F. Anthon, 11. Wagner and L. Gautier, H. Schiff, 
d\ (Jethu h. ]L Hager, V. Lmney and T. Tyrer, and T. H. Sims. W. B. Giles 
and A '^iiearer showed that a good approximation to the relation between the sp. 
gr . and tlu* jiennmtage composition of the soln., p, can be represented by 
D 1 0 *(KC)/i, at 15*P’, and 760 mm. This means that the percentage of SO 2 , 

multijdied by 5, gives the sp. gr, of the soln. over and above 1000 . Thus, for 
instance, a soln. <’ontaining 1 per cent, of SO 2 has a sp. gr. of 1*005, one of 5 per cent, 
a sp. gr. of 1025. om* of 10 per cent, a sp. gr. of 1*050, and so on ; so that, on the 
other hand, if w<» know the sp. gr., we can at once tell the percentage of SO 2 , provided 
that this is the oiil} bod)" present to influence the sp. gr. L. Canus represented the 
sp. gr. of a Miin. of the gas in alcohol at 760 mm. and 0° by 1*11937—0*0140910 
't-O*(K)O2570-. Tin* mol. vol. was studied by E. Rabinowitsch, who gave 44 for 
tliat constant W. ILuz studied this subject; and J. J. Sa.slawsky and co>workers, 
the ehanges in vol on neutralization with sodadye. 

The compressibility of the gas was measunai by E. H. Arnagat ; ^ he found 
that iiiv'-tead of the ratio pr'pit\ being unity, in accord with Boyle's law, the values 
at^ difliTcut temj) \vere: 

50” 100” 150'” 200' 250 

pv/p^v^ . l*niS5 1*0110 1*0054 1*0032 1*0021 1*001G 

1 ). T. M(‘ndeleefl and \\. Ibuniliau found that at [iress. exceeding one atm., there is 
a iu‘gative deviation from Boyle’s law, meaning that the compressibility is greater 
than corresponds with that lawx w'hile for press, between 20 and 60 mm. there is a 
])ositive d(‘vialiou from Boyle s law, meaning that the compressibility is smaller 
1 han required by that law. According to F. Fuchs, the value oi pv increases as the 
press, falls from BXK) mm. to 250 mm., thus : 

/' . 1000 900 800 700 600 500 400 300 250 mm. 

/e* , 10000 100336 10067 10100 10133 lOlGOl 10198 10225 10251 
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D. Berthelot gave 0-025992 for the compressibility coefE. of the gas. If J denotes 
the deviation of the gas from Boyle’s law such that A^l—pvjpxVi 

—as indicated 1 , 6 , 8 —then A. Jaquerod and 0. Scheuer found that below one atm. 
press., .d'o~- 0*02311; and E. Wourtzel, ^'o=-0-02379 ; 

^’^'o'25“^h02360. L. P. Cailletet gave 0-0003014 for the compressibility of the 
liquid at and GOG atm. press. ; while A. Lange gave ; 

15 4'’(14-0) 16 3*’(14-3) 18 0^14 1) (^ 8 ® (10 8 ) 92 r (8 3) 

CompresbibiUty coofT. . ()-0sl34 0 0^132 O-OglSS 0 0,271 0-03467 

where the bracketed terms refer to press, expressed in atm. F. Isamh(‘rt gavt‘ 
0-0001024 for the compressibility coetf. of a soln. of GO litres of sulphur dioxide in 
a litre of alcohol at 18-9° ; 0*0001041 at 19-1° ; and 0*0001028 at 20-3®. D. Berthe¬ 
lot and P. Sacerdote measured the compressibility of mixtures of carbon and sulphur 
dioxides and the result is less than the value calculated by the additive rule. 
A. Leduc also found that when the two gases are mixed there is a slight increase 
in press, above that calculated from the law of partial press. 

The surface tension of liquid sulphur dioxide was found by L L Gruniriiu-h ^ 
to be a—33-29 dynes per cm., and the specific cohesion, 4-519 sq. mm. 
F. W. Clark gave a - 2-3 mgrms. per sq. min. at —15^\ V. M. Stowe found the sur¬ 
face tension of liquid sulphur dioxide to be represented bya~ O-OGl534(157-5 -Oy 
at temp, between —20 ' and 50 Some observed results were : 

- 20 ^ - 10 ™ .r 1 2 (V .-to 40’ 50" 

(f . 30-68 28-69 25-58 23-64 22-73 20 73 18-77 16-85 

J. B. Haunay of) 8 erved that the capillary attraction vanishes at the critical temp 
and is not restored by increasing the press. C. A. Valson, in his study of capillarity 
as an additive property, found what he called the capillary modulus of the radiel(‘ 
8 O 3 " at 15 ^ with a caj)illary tube 0-5 mm. in diameter to be 1-3. F. F Fitzgerald 
found the viscosity, rj, of liquid sulphur dioxide to be 0-00393G at O'^’ , 0-(X)4285 at 
—10-5^ ; 0-004521 at —15'^; and 0-005508 at —33*5^. J. Dubief made observations 
(m the relation between the viscosity and density of the liquid. C. J. Smith obtained 
0-00011G8 for the viscosity of the gas at 0"^; 0-0001253 at 18^'; and () (K)01G30 at 
100 ® ; and 416 for Sutherland’s constant— 1 . 13, 3. T. Graham gave for the viscosity 
of the gas at 0 ®, 0-0001225, and at 20®, 0-0001380 ; and H. Vogel gave 0-0001183 at ()‘ 
O. E. Meyer gave O-000145 referred to air 0*000200 ; and 0. E. Meyer and F. Spring- 
miihl, 0-0(K)138 between 10 ® and 20 ® referred to air 0-000212. M. Trautz and 
W. Weizel found the viscosity changes from 0*031221 at 14® to 0-032071 at 199®, 
with constant temp, coeff. over this range. Sutherland’s constant does not apply 
to this gas. The viscosity curve of mixtures of sulphur dioxide and hydrogen 
exhibits a maximum, which, as the temp, increases, flattens, and is displaced 
towards mixtures richer in sulphur dioxide. At 17®, a mixture containing approxi¬ 
mately 70 molar per cent, of hydrogen has a maximum viscosity, whilst at 199® 
the maximum occurs with the mixture containing 50 molar per cent, of hydrogen. 
The increase of viscosity of mixtures on the addition of hydrogen is roughly 
proportional, up to the maximum, to the molar fraction of hydrogen. Observations 
on the viscosity of sulphur dioxide were also made by A. von Obermeyer, H. Vogel, 
and S. Pagliani and M. BatelH. J. R. Lewis measured the viscosity of soln. of 
sulphur dioxide in carbon tetrachloride, acetone, benzene, toluene, xylene, ether, 
heptane, carbon disulphide, and water, P. Schuster gave 2726 atm. for the 
internal pressure. M. Faraday ® concluded that mercury cannot confine gases 
permanently; but H. B. Dixon showed that with sulphur dioxide and some other 
gases there is no diffusion through mercury. If the mercury be dirty, or moisture 
l)e present, a film might be formed between the glass and the mercury which 
permitted diffusion. J. Loschmidt found that the coeff. of diffusion of sulphur 
dioxide into hydrogen at 0 ® is 0-48278 sq. cm. per sec. K. Kanata studied the 
permeability of rubber for the gas. A. Masson, and G. Hchweikert gave i ir the 
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velocity of sound in the gas, 209-0 metres per sec. at O ’. N. de Kolossowsky 
studied the rehitiou between the velocity of sound and the speed of translatory 
motion of the molecules. 

The molecular weight of sulphur dioxide calculated from the vap. density is 
64-046 by 1). Berthelot; » and 64-059i0-006 by E. Wourtzel. From the method 
of limiting densities, G. Baume calculated 64-039 ; and from the critical constants, 
63-954. From the regularities in the b.p. of various liquids, H. M. Vernon assumed 
that the molecule is to be represented by BO 2 . P. Walden and M. Gentnerszwer 
found that the ebulliscopic constant of lu[uid sulphur dioxide agrees with the 
assumpiion that the molecule is SOo ; and W. Vaubel, that t he niuleeule is (B02)i-78- 
P. A. Guye foiind that the mol. wt. at th<* critical temp, is m accord with the value 
(-alculated by vap. density law. G. K. Meyer calculated the, moleculdX diameter 
of sulphur dioxide to be 1-21 X 10" " <‘iu. ; K. JDorn, 0*69 X 10“^ cm. ; and F. Lxiier, 
l-7xl0"« cm. O, E. Meyer gave A-=0-0000047 for the mean free path of the 
molecules ; for the collision frequency, 639x10® per second ; for the velocity of 
mean square 324 metres per second ; and for the mean velocity 298 metres jjer 
second. 0. J. Smith calculated 0-94x10“^^ .sq. cm. for the mean collision area, and 
A. O. Rankine and 0. d. Smith found tliat this result agreed bedter with that 
deduced from the formula S"J02 than that from 0~S~0. J. E. Mills made 
observations on the intermolecular attraction. W. Nernst gave 3-3 for the 
chemical constant. According to P. A. (tuvc and L. Friedrich, the constants in 

J. D. van der Waals’ equation—1. 13, 4—are a'-0*0134r) and 5 -0-00251 refern‘(l 
to the initial vol. of the gas; a--6-61xlO®, arid 6—55-7 referred to mols ; and 
arrrlGJO, and 6—0-870 referred to grams. I), Berthelot gave a=“0*028544, and 
6 —0-(.K)r)384 referred to the initial vol. of the gas, J. Dubief studied the co-volume 
and equation of state ; W. Herz, the co-volume , and M. F. Carroll, W. Herz, and 

K. Wuhh the e(|uation of state. M. Trautz and 0. Emert, M. Trautz and M. Giir- 
selling, P. Sacerdote, A. Leduo, and F. Braun studied the api>licatioii of the partial 
press, law to mixtures of sulphur dioxide with hydrogen, nitrogen, oxygen, air, 
ether, and carbon dioxide. 

H. V. Kegnault 10 gave 0-003903 for the coell. of thermal expansion of sulphur 
dioxide at constant |)ress. between 0^ and 100""; G. W. Walk(T, ()*(X)390 at (P 
and 760 mm. ; A. Leduc, 0-003% between 0' and 20^‘ at normal jiress., and undc-r 
a press, of 334 mm., 0-(X)3787 between 0^ and 22'; G. Magnus, 0-003856; and 
E. H. Amagat, at normal press. : 

10 ^ 20" 50' 100 ^ 150' 200“ 250“ 

a . 0*0042:13 0 004005 0003840 0*003757 0*003718 0*003695 0 003685 

For dry sulphur dioxide at ordinary temp, he gave 0*00390, and for the moist gas, 
0*00395-()-(X)396. A. Leduc gave for the coelf. of the increase of press, with temp., 
0-003883 at 0"^. H. V. Regiiault gave 0*003845 at constant vol. C. Langer and 
V. Meyer show-ed that at about 1690®, the coefi. of expansion is nearly the same as 
that of nitrogen, and Charles’ law of expansion is followed at this temp. The gas 
is not dissociated at 1700®. P. de Heeii found that between 1® and 130®, 
dvjdd-^av^'^^^, where a denotes the coefi. of thermal expansion at 0®, L. P. Cailletet 
and E. Mathias found for the coefE. of cubical expansion of the liquid between 

153“-15r 15r-155“ 155“-155 5“ 155 5“~156“ 

Coeff. 6Xt)ansion . 0*07721 0*1345 0*2273 0-7371 

Observations were also made by V. N. Thatte, J. I. Pierre, C. Drion, and 
.E, d’Anda^eff. A. Lange’s results are indicated in connection with the effect of 
temp, on the sp. gr. of the liquid. He found that at about 95®, the coeli. of expansion 
of the liquid is nearly the same as that of the gas ; and C. Drion said that this occurs 
at about 100®. A, Eucken gave 0-01950 cal. per cm. per .sec. per degree for tlie 
thermal conductivity of sulphur dioxide gas at 0®. S. Chapman and W. Haiiis- 
worth studied the thermal diffusion of mixtures of hydrogen and sulphur dioxide. 

von. X. o 
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A. Matison foujul the ratio of the two specific heats of aulphur tlioxido lo be 
1*280 at O'", and for the mol. ht., C%- -9*834, and —7*682 ; H. V. Kognault gave 
for the sp. ht. at constant press., r,,':^0*ir)44, at 15"~200^^, or Cp=9‘891 ; A. Cazin 
gave for the ratio of the two sp. hts., 1*262, at 20° ; and P. A. Muller, 2*2563 at 20°. 
R. Thibaiit found for the ratio of the two sp. hts., at 20°, 1*258 at one atm. press., 
and 1*273 at \ atm. press : K, Seholer ga\(‘ 1*273 at 0*5 atm. press., 1*283 at 1 atm., 
and 1*323 at 2 atm. pr(‘.ss., ami 20' ; B. Berueis gave 9*1490 at 2(V~100‘, 
or -9*0tJ f-0*(X.)74t?; M. Trautz an<l B. Berneis, Cy,- 9*00+0*0037^/. J. R. Part- 
lugtoii and H. J. Cant gave l(»r the ratio of the two sp. ht., 1*291, and Oyy—9*476 
and (\, - 7*34U ; and C. Schweikert, 1*266 at 0°, G. N. Lewis and M, Randall 
gave (V—7*0+0*0071^/|-0*05186t/-; R. Fnrstenau, (+■-9*18+(KK)3077t/; and 

B. Berneis, 9*00 4-0*0074^. B. Neumann calculated the following values for 
the s]). ht. : 


Sp. ht. 

0" 

0-1311 

100" 

0-148 

200■' 
0-158 

400' 

0*177 

000" 

0190 

0-199 

1000® 

0*204 

Sp. ht. 

1100-’ 

0-200 

1300® 

0-2125 

2000® 

0*219 

2400 ’ 

0*223 

201K.)® 

0-220 

2K0O" 

0-230 

8000® 

0*231 


C. Witz made some observations on the heat of capacity of tin* gas. E. Mathias 
gave for the sp. ht. of the liquid between - 20' and 155*5 . c 0*3172-h0*0(K)3507t/ 
--O*O(K)OO67620- ; and A. Nadeschdine gave 0*3178 for the sj). ht. between - 20*6° 
and 9*8°. A. Press studied some relations of the S]n hi. P. Duhem showed that 
if tlie sp. lit. of a saturated vapour is plotted against temj)., the form of the ciirvi* 
is that of an inverted, unsymmetrical U ; and that sometinn‘s this lies wholly in 
the U(‘gative region, but in other eases it may cross into tlie positive ri’gion, hut 
if it does so it crosses twice. E. Mathias gave for the sp. ht. of the sat. vapour, 
and for the sp, ht. of the sat. liquid, c/, of sulphur dioxide : 

-20^ 0^ 40 ^ 90 ’ 100’ lur 120'* 140 ‘ 

. — -0-410 -0-300 -0*005 -fO-027 +0-0G2 -0()7H -0-020 -ll-SoO 

. 0-315 0-317 0-338 0-103 0*422 0*142 0-470 0-020 1-800 

The sp. ht. of the sat. liquid is not a linear function of the tern]), even when remote 
from the critical temj). The subject was discussed by J. A. Ewing, W. Jazyno, 
and A. W. Porter. U. Bordoni studied the entropy of the system H^O-SOo. 

A. F, de Fourcroy has stated that G. Moiige and }j. Clouet diseoven^d that 
sulphur dioxide can be liquefied by 28° of cold, and he added that “ this property 
dislinguishes sulphur dioxide from all other gases, and it appears to be owing to tlie 
water whi(*h it holds in solution, and to which it adheres so strongly as to prevent 
an aceiirute (estimate of the projiortion of its radicle and acidifying princijiles."’ 
Notwithstanding A. F. de Fourcroy'a objection, M. Faraday said that there can 
be little doubt that 0. Monge and L. Clouet did actually condense the gas, for he 
found 1 hat the small elastic force of its vapour at common temp, is only about 2 atm., 
so that a comparatively moderate diminution of temp, is sufficient lo retain it liquid 
at common }>ress., or a moderate additional press, to retain it liquid at common temp.'’ 
M. Faraday obtained the liquid by pumping the dried gas, at 3 to 5 atm. press., 
into an evacuat<*d and cooled tube ; A. Bussy cooled the dried gas with a mixture 
of ice and S4ilt ; G. F. Wach, and F. Wohler placed sulphur and sulphuric acid in 
one leg of a bent sealed tube, and gently warmed the mixture ; the other leg of the 
tube was cooled by ice and salt; H. L. F. Melseiis, and A. Verneuil used charcoal 
sat. with sulphur dioxide as the source of the gas in the sealed tube ; and A. Loir and 
C. Drion cooled the gas by evaporating ether. A. W. Hofmann said that glass tubes 
are dangerous in experiments on the liquefaction of the gas, and B. Krecsey recom¬ 
mended copper vessels. The liquefaction of the gas industrially was discussed by 
E. Schr^er and M. Hanisch, A. Lange, H. J. Paoli, and A. Harpf. The liquid 
dioxide is sold for laboratory purposes in glass syphons, fiitted with a screw-valve, 
80 arranged that! either liquid or gas can be drained off. A. Bussy observed that if 
liquid dioxide be rapidly evaporated under an evacuated bell-jar, a part of the liquid 
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forms white flecks ; and J. K. Mitchell obtained the solid by sunouiidiug tJie li^inid 
with a mixture of solid carbon dioxide and ether. J. K. Mitchell gave —79' for 
the meltiniT point of the solid; M. Faraday, —76-1^^; A. Srnits and W. J. de Mooy, 
™75*6°; T. P. van der Goot, ™75*r; AV. F. Seyler and A. F. Gill, --72*8^ 
P. Walden and M. Centnerszwer, - 72*70'’; and G. Baume and A Tyko( iner, 
■~~72'5^. For the boiling point at ordinary press., M Faraday. E. d’Andreefl, and 
L. Dufoiir gave - BP ; J. M. Pierre and C. Drion, 8 at 75it*2 mm. , H. ileg- 
nault, --]0*08^ at 760 mm.; R. Bunsen, —iO-rP at 71f mm.; A. Nadeschdim*, 10 ® 
at 757 mm. press. ; F. W. Bergstrom, — 10 - 02 ® ; T. Estreich(*r, - 10 * 1 ® , J. Heiiuing 
and A. Stuck, —9*99® at 760 mm. ; G. A. Burrell and 1. W. Robt'rtson, 11 * 0 " at 
760 mm. ; and 11. D. Gibbs, — 10*09 at 760 mm. N. dc Kolossowsky gd\e PPi to 
1*60 for the ebulliscopic constant of the liquid. M. Faraday mca.sured th(* vapOUr 
pressure of liquid sulphur dioxide between — BP and 37*77®; H. V. Regnault, 
between —30® and 65® ; W. Sajontschewsky, between 50® and 155-4® ; R. Ihctet, 
between —30® and 50° ; W. Mund, between —42° and 0° ; A. Blumck<‘, between 
19*5° and 98*2° ; G. A. Burrell and I. W. Robertson, between - 1 1 ® and - 64*5° ; 

F. Henning and A. Stock, between 10° and —181° ; F. W. Bergstiom, b<‘tween 
' 5-5° and - 90-1°; W. Mund, between —42° and 0 ° ; and E. Briner and E. Cardoso, 
between 33-5° and 72*2. Observations have also been r(‘j>orted by E. (^a^^loso and 
U. Florentine, O. Scheuer, A. Stock, A. Rex, B. Leinw(‘ber, B. 1). SteGe and 
L. S. Bagster, A. Stock and co-workers, E. ('ardoso and co-workens, and P. M. Sh< n. 
Th(‘ following is a composite summary of the results : 

Solid. Liquid. 

-90 1^ -81 3" -72 r -(51-7r -5118“ -.36 13“ -25“ -10“ -900“ 

pmm. . 2*5 7 10 38 2 80*2 199-95 373-79 702 49 700 

and for the li(|uid above 0 ° : 

0“ 20“ 33 5“ 50“ 77 5“ 80“ 300“ 120“ 150 

/) atm. . 1-52 3-27 4*80 8*31 17-12 18-09 27-82 41-50 71-45 

C. E. and 0 . Maass gave for the vap. press., p cm.; 

0 2* 13“ 2 25“ 10 0“ 10.5“ 22 0“ 27 0“ 

p . 117-27 323-5 127-6 173-3 218-8 204 1 311-2 

H. V. Regnault represented his results by the equation logp—5*6663791 
- 3*()1468920a^^ 28 0*1465400^3^^ 28^ where log a - 9*9972989 JO ; and 

log ^=^-9*98729002—10. C. Antoine used logp 0*98215(7*3593—1O(X)(0 |-236)}. 

G. A, Burrell and I. W. Robertson gave log p~—1448*012’“! f 8*425 for the liquid 
between —11° and —64*5° ; and for the solid between —90-6° and —144*1°, 
log p——1232*2r~~i |-^b<'>79; F. W. Bergstrom gave for the liquid Jog p 
-=1577*3r“i+ 1*75 log T-0*00641ird-6*3286 ; and F. Henning and co> 
workers, log p=^—1561 *361'"“^+1*75 logp~0*0061757T+ 6*20476. V. Kirejeff 
discussed what he called the cohesion press, of sulphur dioxide. According to 
F. Braun, the press, of the saturated vapour at the b.p. is 3*9 mm. less in an atm. 
of carbon dioxide, and 1*3 mm. less in an atm. of nitrogen than it is in vacuo. 
Liquid 8 ul])hur dioxide for ice machines w*as employed by R. Pictet. lie used at 
first a mixture of approximately equimolar parts of carbon and sulphur dioxides, 
and later a mixture of 32 molar parts of sulphur dioxide to one molar part of carbon 
dioxide—the so-called Pictet's liquid. The vaj). press., p atm., of a mixtun^ of 
sulphur dioxide with 0*4 per cent, of carbon dioxide was found by A. Rilliet to be : 


-22*5“ 

-17“ 

- 9“ 

-45’ 

2-4“ 

15.5“ 

20* 

36“ 

p . 0-97 

M9 

1-48 

1-71 

2-10 

3-21 

308 

6*0 

while H. V, Regnault gave for the liquids separately 




-20“ 

-15“ 

-10“ 

0“ 

10“ 

20“ 

30“ 

40“ 

p/SO, . 0-03 
^ICO* . 19*93 

0-80 

1*00 

1-53 

2-26 

3-24 

4-52 

5-28 

23*14 

26*7(5 

35*40 

4605 

58-84 

73*84 

82-17 



1% INORGANIC AND THEORETICAL CHEMISTRY 

Hoiieo, added R. von Scluittler, Pictet’s liquid has the advantage over sulphur 
dioxide that its vap. ]>ross. within ordinary limits of temp, does not fall below atm. 
press., and is not nearly so high as carbon dioxide. This subject was also examined 
by A. Rllimcke. In place of Pictet's liquid, C. M. Tessie du Motay (uuployed a 
soln. of sulphur dioxide in ether ; J. Quiri, a soln. of the gas in hydrocarbons-- 
owbutylene, propylene, butane, or pentane ; and P. Boessneck, a soln. in acetone*. 
T. K. Sherwood measured the })artial press, of sulj)hur dioxide <;V(‘r its aq. soln.- 
vide infra, the etlect (jf press, on t he solubility of the gas in wat(‘r. F. (*aubet studied 
the pr-rclation with binary mixtures of sulpliur dioxide and carbon dioxide, and 
methyl chloride -1. 1 , d , E. Briner and K. Cardoso, with mixtures of sulphur 
dioxide and methyl eth(*r; and W, AMimd and J*. lferr(‘nt, sulphur dioxide 
and ethane. 

C. Drion gave il(h for the critical temperature of sulphur dioxide , A. J.adeu- 
burg, I57'^--16R; \V. Sajotschewsky, 155*4^"; P. Hein, 157*24^; K. Schuck, 

155-R; M. Centuerszwer, 157*26'^’:t.6 2 ""; P. Niggii, 157*6^ ; M. W. Travers and 
F, L. Usher, 157*3°: J. Dewar, and P. A. Guye, 154*1°; L. l\ Cailletet and 
F. ]\Iathias, 150*0°; E. Cardoso and R. Bell, 157*15 -^0*10°; and E. Briner, 
157*2°. The subject was studied by W. Horz, and Fh C’ardoso. FI Cardoso 
and K. Bell said that the point of opalescence could not be obsf‘rved at the critical 
temp, owing to an opalescent deposit on the glass. This is supposed to be 
])roduced by the action of light and heat on the gas, although heating tin* gas for 
diK) hrs. did not aileet the critical constants. L. P. Cailletet and F]. Mathias said 
that th(* preseiK'e of a trace of air lowers the observed critical t(‘mp. ; and 
M. CVntnerszwer found that the mol. lowering of the critical temp, is independent 
of the nature of the substance ]>resent, and for a mol in 100 c.(*. of liquid sulphur 
dioxide, amounts to 724°. P. A. Uuy^y W. Sajontschewsky, and J. l)(*war gave 
78*9 atm. for the critical pressure ; FI Cardoso and R. Bell, 77*Gr>d_U*10 atm. ; 
E. (’ardoso and co-workers, 77*79 ; and FI Briner, 77*95 atm. P. A. Guye gave 2*2 
for the critical density with res]>eet to air at 0 and 7G0 mm. ; E. Cardoso and 
FI Sorrentino, 0*5240^i_0*00<>5 ; and L. P. Cailletet and E. Mathias gave 0*520 at 
156 with respect to water at 4°, and E. (’ardoso and R. Bell, 0*513 ; and for the 
critical volume 0*(K>557, L. P. Cailletet and F]. Mathias gave O'(K)550-0*00587 ; and 
FI Schuster, 04)0538. \V. Herz studied the relations of the (*ritieal constants 

S FI Pickering gave for the best repre.sentative values, II 130*3'’ K. ; 71 ^77*7 
atm. ; and T)c—0‘b2. W. Herz studied the critical constants of suljdiur dioxide. 
J. Chappius found the heatof vaporization of liquid sulphur dioxide to be 9U7 cals, 
jier gram, or 5*88 Cals, per mol. T. F^streicher found 9G-2 cals, per gram or 6*1G 
Cals, per mol; at the b.p., - -10*1° ; T. Flstreicher and A. A, Schnerr, 95*3 cals, 
per gram or 6*11 (’als. per mol at the b.p. 11*16° ; G. A. Burrell and 1. W. Robert¬ 
son gave 6*196 Cals, per mol. The values calculated by L. P. Cailletet and 
E. Mathias are : 

0 ’ 10 ^ 20 ^ 30 4(r :a>’ 

Heat of vaporization 91*2 88*7 84*7 80*5 75*5 70-9 69 0 cals. 

H. Crompton calculated values in agreement with these rcvsults. E. Mathias gave 
for the latent heat, L, at 6, L-91-87 - 0*38420-O*(X)O34O02, and between 0° and 50°, 
L~91*87—0*58420. If A denotes the internal latfmt heat of vaporization at 0°, and 
Q the quantity of heat necessary to raise the temp, of a gram of sat. vapour from 
20 ° to 0°: 

e . 155*8° 151-85° 144*08° 128*00° 121*00° 102*65° 2000° 

A . - 41-72 -37*70 -33*52 -31*17 -32*82 -29*20 0 cals. 

Q . 4*75 12*67 20*49 27*72 27*72 35*51 35*51 cals. 

G. Cantoni made some measurements of the heat of vaporization; N. de Kolos- 
sowsky studied the relation between the thermal expansion and the heat of vaporiza¬ 
tion ; and P. H. Boutigny illustrated the latent heat of evaporation of sulphur 
dioxide by the freezing of water in a red-hot crucible : 
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A little water was iutrocliiced into a platimun cruoilde heated lo rediiesw. The liquid 
assumed tlie spheroidal state. Some liqiud sulphur dioxide was lutrodueed by means of 
a j)ipette. Tli© liquid evaporated very rapidly, and on simultaneously inverting the 
crucible a small mass of ice appeared, 

F. B. Keixrick and co-workers found that liquid sulphur dioxide could be super¬ 
heated to for 5 seconds without explosion. W. Mund and P, Herrent investi- 
gat(‘d the liquefaction of mixtures of ethane and sulphur dioxide. According to 
V. A. Favre, it re([uires ()*2G1 C^al. to produce one c.c. of vapour from liquid sulphur 
dioxide ; the heat of liquefaction for mol of sulphur dioxide is 11-288 Cals., and 
for the heat of condensation when tlu' gas is adsorbed by wood charcoal, 10*734 Cals. 

P. L. Dulong found the heat of formation of sulphur dioxide gas from solid 
sulphur (o be (a- 8 , 02 )-“ 83*2 Cals. ; IT. Hess gave 82-2 Cals. ; T. Andrews, 73-8 
(^als. ; P. A. Favr(‘ and J. T. Silbermann, 71*04 to 71*2 (kls, ; M. Berthelot, h9*l 
(’als. ; J. 'Fhomsen, 71*08 (Ws. ; J. 11. Eckman and F. P. liossini, 70*94 (Jals.; 
and E. Petiu’siui, 71*08 Cals. J. Thomsen, and E. Petersen gave for (j 3 -S, 02 ), 
71*72 Cals. : M. Berthelot gave for colloidal sulphur, 69*1 Cals., and E. Peter- 
s<‘n, 71*99 ('als., while for sulphur vapour, M. Berthelot gave 80*2 Cals. 
J. B. Ferguson obtained for the' thermal value of the reaction with rhombic 
sulphur SfOo -SOo, -68391+3*627’ log 7’-0*0007Tii+0*0e3ir3__25*04r, or at 
25", —69,761 cals. For the heat of solution in water, J. Thomsen gave for a 
mol of the gas in 250 mols of whaler, 7*69 (’als. ; for a mol of the liquid in 3<1K) 
mols of w'ater, 1*50 Cals. ; (8,02,Aq.)™78*77 Cals. ; (802iiQ»idH2,0,Aq.) —76*055 
(’als. P. A. Favre gave (SOogab ; and M. Berthelot gave 8*31 

('als. for a mol of tlie gas in 5 litres of w^ater, at 15". P. Chappuis said that the heats 
developed ]jy the soln. of the gas in water amounts to 0*000265 to 0*000359 Cal. 
jxT c.c. The heat of adsorption of the gas by wood char(‘oal was found P. C'happuis 
io be 0*0{K)470 to 0*(XX)615 (''al. per c.c, of gas, and P. A. Favre, 0*168 Cal. ])er gram 
of gas. A. (}. Stiles and W. A, Felsing found the heat of soln. of a mol of sulphur 
dioxide with mols of water is given by —4911 * 6 -}-! 105*26 logiow(caLs.). 

E. Mascart^^ measured the index of refraction of Bul]>hur dioxide gas, and 
P. L. Dulong gave 1*0006620- air-- 1*0002923. L. Bleekrude found it to be 1*000686 
for sodium liglit at 15". E. Ketteler gave 1*(XX)6907 for light of wave-length 535/Lt/Lt; 
1 -tHKlOMOO for A 588*9/Lt/x ; an<l l*0006f^l5 for A = 670*7/^^. L. Stuckert gave 696*3 
for A 135*9 /x;la ; l*(X)t)6666 for A™546*lyx/x ; ,and 1*0006606 for A“670*7/x/i ; 
(P W. Walker gave 1-000676 for A^ 589'3/qjt ; ami (’. and M. Cuthbertson, 1*0006586 
for A - 5(X)^/x ; 1*0(K)664 for A-r>46*])Uf(.; 1 *0006613 for ; 1*0005671 for 

A- and 1*(XX)6564 for A- -G7()^ ; and r -1 ^5*728 X 10-7(8929 x 10^7 

J. Tauss and (P Hornung gave I'O^GOGIH for A“-656*4/xfA; 1*0367015 for 

A---587-6/X/U, 1*0367658 for A--546*l/x^ ; and 1*03689*78 for A--435*8/x/x. 

E. W. (Vney gave 1*036637 for A^5852 A. ; 1*036615 for A--6143 A. ; and 
1*036598 for A --6678 A. C. and M. CuthbiTtson found that the refractivity is 
18 '|)er cent, less than that calculated by the law^ of mixtures. The dispersion 
el<K'tronB in sulphur dioxide appear to be equal to the sum of the dispersion 
electrons of sulphur and oxygen. M. Faraday said that the refraction of liquid 
sulphur dioxide is nearl}’' the same as for water ; but A. Delaire found it to 
to be rather greater. L. Bleekrodc gave 1*350 at 15" for the D-ray, and 1*357 at 
13" for sunlight ; J. Dechant gave 1*340 at 20" for Na-light; and E. Ketteler, at 
24*r, 1*33574 for Li-light; 1*33835 for Na-light; and 1*34108 for Tl-light. W. Herz, 
and J. Tausz and 6. Hornung studied the refraction of light with Bul])hur dioxide. 
L. Bleekrode obtained for the retractive power of the gas at 15" wdth the /x-formula, 
0*236, and with the /x^-formula, 0*157 ; while R. Nasini gave respectively 0*23937, 
and 0*14828 ; and for the liquid, L. Bleekrode obtained respectively 0*252 and 0*153 
at 15" for Na-light. R. Nasini obtained respectively 15*32 and 9*49 for the mole- 
calar relraotimi of the gas. P. A. Guye observed a relation between the mol. wt. 
and the refractive index of substances in the vicinity of the critical temp. 
1. R, Rao discussed the scattering of light by sulphur dioxide. 
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(i. I). Liveiii" and J. Dewar found that the ultra*-violet absorption spoctmm 
of sulphur dioxide gas has a strong absorption band between the wave-lengths 3179 
and 2530, and a feeble one between 3440 and 2300. M. le Blanc and co-workers 
found that sulphur dioxide has a maximum in the absorption spectrum at 2900, 
and a minimum at 2400. V. Henri, H. Deslandres, J. C. Ghosh and S. C. Bisvas, 
W. A Miller, L. Sorot, F. Lowatcr, L. Oiechomsky, and W. H. Bair also examined 
the absorption spectrum of this gas, R. Wright found that while the aq. soln. of 
sulphur dioxide, or the crystal hydrates shows a selective absorption in the neigh¬ 
bourhood of the band 27Gp,p,, the sulphites exhibit only a general absorption. This 
is taken to mean that in aq. soln. sulphurous acid consists largely of uucombined 
sulphur dioxide molecules. (^. S. Garrett measured the molecular extinction with 
aq. soln. of sulphurous acid and of rubidium, potassium, sodium, and ammonium 
hydrosulphites of a concentration C--0*06[S0.2]/2. The mol. extinction is defined 
by the ratio Jc/C, where k-~{f jd) log {lQ/I)~-d, denoting the depth of the cell; /q, the 
initial intensity of the light, and /, the emergent intensity. The results, with soln. 
35 days old, are illustrated by Fig. 45. The curvti for the alkali salts shows an 
increasing absorption with time ; and it is inferred that at the moimuit of forming 
the soln., there would be no selective absorption. There is therefore a change in 
t he soln. on keeping. This change is very greatly facilitated by light. The reaction 
in soln. is not hydrolytic : NaHS 03 +H 2 ^=H 2 S 03 -l~Na 0 H because the soln. are 
all acid to litmus ; and the greatest change should occur 
with the ammonium salt, and be least with the rubidium 
salt. It is assumed that in light, the hydrosulphite is 
resolved into the normal sulphite and acid: 2 NaHS 03 
;?:iiNa 2 S 03 ~l-H 2 S 03 ; and that in soln., the sulphurous 
acid is resolved: H 2 S 03 aM.=^S^ 2 -^^Ho(). The normal 

alkali sulphites show no selective absorption even when 
kept for a long time in light. Similar remarks apply to 
the mixed alkali, and alkali-silver sulphites; sodium 
acetonehydrosulphite : and the symmetrical and unsym- 
metrical diethyl sulphites. The alkali metadisiilphites 
give the same selective absorption as do the hydro- 
sulphites, and it is assumed that they are re*solved by 
water : Na 2 S 2054 'H 20 ?=^ 2 NaHS 03 . The absorption band 
given by the aged aq. soln. of sulphur dioxide is in the 
same position as the band given by the gas though 
somewhat broader. The absorption law is not followed 
since the band becomes shallower with increasing dilution. K. Schaeffer showed 
that the absorbing sub.stance in aq. soln. is a hydrate SO 2 • . . H 2 O, which is 
more active than sulphur dioxide alone. The normal sulphites, and the alkyl 
wsulphites are transparent in aq. soln., showing that sulphurous acid itself 
is probably non-absorptive, both ionized, and non-ionized. The decrease in 
the absorptive power on dilution is attributed to a change in the equilibrium 
SO 2 . . . H 20 ^H 2 S 03 from left to right. Theaq. soln. contains very little sulphurous 
acid, and it is considered that measurements of the ionic cone, in sulphur dioxide 
soln. have given rise to false ideas regarding the degree of ionization of sulphurous 
acid, and consequently of the strength of the acid. At higher temp., soln. of sulphur 
dioxide absorb more strongly, owing to a shift in the equilibrium of the above 
equation towards the left. Similarly, the addition of sulphuric acid to an aq. soln. 
of the gas increases the depth of the band in the same manner, but only to a certain 
limit. When the sulphuric acid exceeds 5N, the absorption again decreases, 
probably owing to dehydration, in the sense SO 2 . . . 0 H 2 >S 02 +H 20 , the free 
sulphur dioxide being a less strong absorber than its hydrate. In pentane and chloro¬ 
form soln. the absorption is similar to that of the free gas, and the soln. follow 
f he absorption law. In soln. of methyl and ethyl alcohols and ethyl ether, the absorp- 
tion is much increased, and in the case of ethyl ether the band passes into general 
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absorption in the* ultra-violet. Th(‘so soln. also follow absor[)tiun law, and it 
concluded that stable compounds of the type O 2 S . . . OHEt and OoS . . . OEt- 
must be present in sucli soln. Normal sulphites show only end absorption in thr 
extreme ultra-violet, and when a soln. of a normal sulphite soln. is half neutralized 
with sulphuric acid, the resulting metal hydrogen sulphite sola, at first shows only 
end absorption, but after a few days, particularly under the influence* of light, tin* 
sulphur dioxide band develops. Wh<‘n the metal hydrogen sulphit<‘ is formed, 
however, by mixing soln. of sulphur dioxide and normal sulphite, tin* band 
])resent immediately. K. SeijaefTer represents the equilibrium corulition.s in a«|. 
soln. of sulphur dioxide by the schemes : 


and 



The hydrogen sulphit(‘ ion, HSO,/, is ])robably unstable and uiuhTgoes transforma¬ 
tion into sulphurous acid and SO 3 ", thus : 2 HSO 3 ' -S 03 ''+H 2 S() 3 . The sulphurous 
acid then comes into e(piilibrium with sulphur dioxide hydrate in tlu* sense 
HoSOa^SOo . . . H 2 O. These changes explain the gradual development of the 
absorption band in hydrogen sulphite soln. The sulphite ion, [SO;),]", ]:)robably has 
a symmetrical constitution, and hence also the normal sulphites. F. II. (h‘tmau also 
attributed the band at 27ijfjLfx to hydrated sulphur dioxide formed from the ions of 
sulphurous acid : H‘-|-HS 03 '^^Il 2 S 03 ^^S 02 .H 20 . Freshly prcparetl soln. of potas¬ 
sium metapyrosulphite, K 2 S 2 O 5 , give a characteristic band at which dis¬ 

appears when the soln. has stood for some time and the 276/ift band appears in its 
place. This is taken to moan that the 263^ band is due to the undecomposed 
salt. Soln. of sodium sulphite do not show selective absorption. Soln. of sodium 
hydrosulphite in light, and exposed to oxygen, develop the 276/i,/x band, and some 
oxidation occurs. Light is said to be an essential factor in the oxidation. 
E. C. 0. Baly's relation for the fundamental frequency in the ultra-red is ap]>licable 
to the 263/ifi and the 276/uLfi bands. According to E. C. C. Baly and R. A. Baih*y, in 
aq. soln. of the liydrosulphites, there is present a small proportion of metahydro¬ 
sulphite wliich ab.sorbs light of wave-length 257)u/x. In the absence of oxygen, 
these soln. are stable in light, but if oxygen is present photo-oxidation of the HSO 3 '- 
ion takes place, followed by an ionic rearrangement whereby normal suljdiate, 
sulphurous acid, and hydrated sulphur dioxide are produced. The soln. then shows 
the absorption band at A —276/X/4 characteristic of the hydrated sulphur dioxide. 
No isomerism of sulphite molecules has been detected. The absorption bands of 
sulphurous acid, hydrosulphite, and sulphite molecules lie in the extreme* ultra¬ 
violet. Th(^ characteristic ultra-violet frequencies of sulphur dioxide, hydrated 
sulphur dioxide, and potassium metahydrosulphite are integral multiples of the* 
fundamental molecular frequency of sulphur dioxide in the infra-red. K. Dietze*! 
and S. Galanos say that the absorption spectra show that aq. soln. of sul])hiir 
dioxide contain chiefly unchanged mols. of sulphur dioxide and its hydrate, and only 
a small proportion of sulphurous acid and its ions. 

Similarly with aq. soln. of alkali hydrosulphites. The greater absorption with 
alcoholic soln. is attributed to the formation of a complex HO,SO.OC’ 2 H 5 . The 
alteration which occurs when aq. soln. of the dioxide are exposed to light or warmed 
is attributed to a photo-oxidation of the HSOj-ions which results in the formation 
of the normal sulphate, sulphurous acid, and the hydrate of sulpliur dioxidt*. 
K. Schaeffer's assumption of an isomerization of the HSOjj-ions to exphim this 
phenomenon is unnecessary. The wave-lengths of the bands in tlie ultra-violet 
8 f»ectriim of sulphur din.xidc given by C. S. Garrett, and F. l.towater wert* shown by 
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J. TyiidalJ, E. C. C. Baly and C. S. Garrett to be related to the ultra-red absorption 
spectrum of sulphur dioxide observed by W. W, Ooblentz. C. F. Meyer and co- 
workers, and V, I. Sihvonen studied the ultra-red spectra of the sulphites. In 
conij)aring the ultra-red spectrum of sulphur dioxide with that of carbon dioxide, 
the region where the latter is transparent, is where the former has its greatest 
absorption bands. The maxima of the absorption bands occur in 3’18/x, 3*97/i,, 
5*68/x, 7*4/x, 8-7/x, and 10-77p. A. Balandin discussed the relation between the 
chemical affinity of sul]>liur dioxide, etc., and the ultra-red spectrum. 

R. H, Sherry studied the o])tical rotatory power of soln. of alkaloids in liquid 
sulphur dioxide. A. Kiindt and W. C. Rontgen found that sulphur dioxide 
gas, at 150° and 20 at]n. press., exhibits electromagnetic rotation of the ydane of 
polarized light ; and J. Kerr, that there is a feeble negative electro-Optical effect with 
aq. soln. of suljdiur dioxid(‘. C. V. Raman and N. S. Krishnan, and G, Hzivessy 
said that Kerr's constant is —1 -67 v 10 "io at 17*3 \ and that it vari( 3 s proportionally 
with the press, of the gas. and inversely as the wave-length of light. The subjeet 
was studied by H. A. Stuart, R. Dantinne and P. Lenaerts studied the photo¬ 
ionization of the gas in ultra-violet light; and L. Simons, tlic ionization of tlie 
gas by corpuscular rays. 

According to A. S. Eve, the ionization juoduced by X-rasrs ^ith sulphur 
dioxide is 2*3 (air unity); and R. K. McClung obtained for hard X-rays 4 * 79 , and 
for soft X-rays, 11*05. E. Rutherford measured the velocity and rate of recom¬ 
bination of the ions (d sulphur dioxide exposed to the X-rays; and P. W. Bur- 
bridge measured the absorption of the K-series of X-rays by sulphur dioxide, 
0. Stelling studied the absorption spectrum of the X-rays. P. Burbndge 
found that with mixtures of sulphur dioxide and air or carbon dioxide the X-ray 
absorption is additive. P. Lenard found that the absor]>tive ])ower of sulphur 
dioxide for cathode ra3^ at 760 mm. press, is 8*51 per cm. M. Ishino and 
B. Arakatsu found that in a positive ray tube the sulphur dioxide decomposes, 
forming negatively charged sulphur atoms. K. T. Compton gave 5*35 to 7*69 
volts for the ionmng potential. S. C. Biswas studied the relation between the 
ionizing potential and the mol. vol.; L. B. Loeb, L. B. Loeb and L. dii Sault, 
and II. R. Basse, the mobilities of ions in the gas ; A. Kirmann, the electrical 
moment of the molecules; W. A. Mark}% the effect of sulphur dioxide on 
frictional electricity. 

L. Bleekrode,!^ and A. Bartoli found that the electrical conductivity of gaseous 
sulphur dioxide above its critical t-emp. is zero, and that of the liquid in the vicinity 
of the critical temp, is very small. A similar result for the liquid was obtained by 
A. Delarive, and G. Magnus; wffiile P. Walden and M. Centnerszwer found the 
conductivity of the liquid to be 0*9 XlO*"? at 0° ; and P. Dutoit and E. Gyr gave 
085 X 10“7 at —15°. K. T. Kemp must have worked with the moist liquid since he 
found that the liquid conducted as well as a metal and gave off oxygen at the anode, 
and sulphur at the cathode. J. Carvallo found that with liquid sulphur dioxide, 
free from air, with a difference of potential, E, between platinum electrodes, the 
current, C, diminishes with time until a limit is attained. The negative electrode 
becomes slightly brown, and the liquid is purified by the passage of the current. 
When £=200 to 500 volts, the limiting current does not vary as a simple function 
of E. When E is 1000-2000 volts, the current is smaller than that passing at a 
lower voltage. The 0=/(£) curves are in accord with Ohm’s law when E does not 
exceed 100 volts. The limiting conductivity for higher voltages is not in agree¬ 
ment with this; the law governing it under these conditions resembles the laws 
for the conductivity of gases. The limiting sp. resistance under 100 volts was 
7*6x10® ohms ; under 2360 volts, 4*9 X10^® ohms, and under 4000 volts, 4*9x10^® 
ohms per cm. The conductivity of various substances dissolved in liquid sulphur 
dioxide has been measured by P. Dutoit and E. Gyr, L, S. Bagster and co-workers, 
M. Centnerszw^er and J. Drucker, P. Walden and M. Centnerszwer, and 
E. C. Franklin. W. Ostwald, and P. Walden and M. Centnerszwer, and K. Barth 
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have measured the mol. conductivity of soln. of sulphurous acid containing a mol 
of H 28 O 3 in V litres, and K. Barth found at 25®: 

V . 32 64 128 266 512 1024 00 

u . 177-5 214-0 248-5 279-0 303-3 324-7 424 

a . 0-467 0-566 0-664 0-734 0-798 0-854 1-000 

The calculated values for the degree ol ionization Il 2 S 03 ^ 2 H'-f SO' 3 are repre¬ 
sented by a. Sulphurous acid is a binary electrolyte, and W. Kerp and E. Bauer 
calculated values f(»r the degree of ionization H 2 S 03 ~H’+HS 0 ' 3 , and for 
a 2 : H 2 S 03 "- 2 H*-f SOj^ from the lowering of the f.p. 8 with soln, containing 
M-mols of H 2 SO 4 grnis. of water : 


M 

0-161 

0-299 

0-408 

0-633 

0-786 

1-065 

h 

. 0-382 

0-662 

0-894 

1-352 

1-682 

2-279 


. 0*280 

0-195 

0-185 

0-154 

0-157 

0-156 


. 0-143 

0-098 

0-093 

0-077 

0-079 

0-078 


The first ionization constant, for [H*][HS 03 ']«=/f'i[H 2 S 03 ] w^as calculated by 
W. Kerp and E. Bauer 0-0174 from the conductivity data ; J. McCrae and 
W. E. Wilson calculated 0*017 from the partition of sulphur dioxide between chloro¬ 
form and water ; and K. Drucker, 0*0164 from the cryoscopic data. M. S. Sherrill 
and A. A, Noyes gave 0*012 expressed in terms of the activities at 25®. K. Jellinek 
calculated the second ionization constant for [H‘][S 03 '"]==K 2 [HS 03 'J, from the 
conductivity data of the alkali hydrosulphites to be three thousand times less than 
iTj, since jfiL 2 =^ 8 * 5 xl 0 ~®. I. M. Kolthoff calculated iir 2 =^^ 1^^* 

shown by J, Linder, the laws of dilution break down with sulphurous acid, owing 
to internal changes in the acid —vide supra, absorption spectra. K. Jellinek gave 
71*4 for the ionic mobility of S 03 ^-ions ; and 62 for the H 803 '-ions. The latter 
value agrees with that obtained by W. Kerp and E. Bauer. L, B. Loeb studied 
the ionic mobility in sulphur dioxide gas ; and W. 6 . Palmer, the effect of sulphur 
dioxide on the coherer in detecting electric waves. 

Observations on the el(‘ctrolysi 8 of aq. soln. of sulphur dioxide w^ere made by 
A. Delarive, M. Berthelot, C, F. Schonbein, G. Halpben, J. Sakurai, A. Guerout, 
C. Luckow, and V. F. Bohringer —vide supra, hyposulphurous acid. According 
to the conditions, there may be formed sulphur, and hydrogen sulphide at the 
cathode and oxidation to hyposulphurous acid, or to sulphuric acid may occur at 
the anode. M. Centnerszwer and J. Drucker studied the electrolysis of potassium, 
sodium and lithium iodides, and lithium bromide dissolved in liquid sulphur dioxide. 
A. Fischer and G. Del marcel studied the dectrolytic oxidation of sulphurous acid, 
using a partitioned cell with sulphuric acid or sodium sulphite as cathol;^^', and 
sulphurous acid as anolvte, and a nickel or platinum cathode, and a cylinder of 
platinum gauze as anode. It was found that catalysts, such as copper acetate, 
do not increase the yield of sulphuric acid, since the platinum of the electrode acts 
as the catalytic agent. Better results are obtained with low than with high con¬ 
centrations of the electrolyte. When oxygen begins to be liberated at the anode, 
there is a sudden drop in the current strength. M. de K. and N. J. Thompson 
observed that sulphurous acid is easily oxidized at platinum anodes to sulphuric 
acid of any cone, below 95 per cent. The cone, of sulphuric acid in the cell has a 
great effect on the current efficiency, as also, but in a less degree, has the current 
density. Oxidation occurs with high current efficiencies even in cone, sulphuric 
acid soln. For a given cone, of s^phuric acid, the current efficiency decreases 
with increasing current density. K, F. Ochs observed that in the electro-oxidation 
of sulphurous acid the negative potential increases from —0*017 to 0*131 volt, 
when the reaction is catalyzed by metal salts. According to H. Hoffmann, the 
c.w./ of the gas element SO 2 : O 2 is smaller than expected and is incapable of 
furnishing large currents because of the incomplete charging of the electrodes and 
the small velocity of the electrode reaction. The technical possibilities of the cell 
for the production of sulphuric acid are therefore hopeless. The primary products 
of electrolysis arc hydrogen and oxygen, sulphur dioxide being a secondary product. 
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D. F. Smith and J. E. Mayer rah'ulated - 0 J38 volt for the reduction potential 
of S04"+4H‘^ SO2+2H2O, and tliey gave —6350 cals, for the decrease of free 
energy, at 25^^. Comparing this result with the values for hydrogen sulphide it 
follows that the r<*ducing ])owers of the two gases in molar soln. are nearly the 
same ; for higher concentrations of H-ions the reducing power of hydrogen 
sulphide is the greater. Sulphur dioxide is a reducing agent in dil. acid soln., 
and an oxidizing agent in cone, acid soln. When a piece of }>latinum foil is immersed 
in a soln. of an oxidizing agent it acquires an electric charge, and its potential in 
volts, the oxidation potential, is a measure of the oxidizing power of the soln. 
S. R. Carter and F, Jam(\s studied the capacity of sulphur dioxide to act as an 
oxidizing or reducing agent in soln. containing fiTrous and ferric ions. Measure¬ 
ments of the electrode potentials of the lialf cells Pt | H2S04.H2S03,HC1, and 
Pt I H2S03,S,HC1 show that witli an mcrease in the cone, of the acid, there is arise 
in the sulphur dioxide potential, and a diminution in the ferrous-ferric potential. 
The eilect of passing from wi'akly acid to strongly acid soln. is to lower the oxidation 
potential of ferric-f(‘rrous chlorides and pho.^pliates, and to raise that of sulphur 
dioxide. The o,\idation 2>otcntial of cupric-cu]>rous chloride is actually raised by 
an increase in acid com*, iq) to about 6*5A, after which it decreases, lii the cathodic 
reduction of sulphur dioxid(‘ in acid soln., hydrogen sulphide is not formed as a 
primary product, and it is thought that hyposiilphurous acid or possibly thio- 
sulphuric acid, tliionic acid, or an active form of sulphur--is primarily formed. 

A. A. Noyes and H. H. Steinoiir found that the e.rn.f , F, of a jilatinized platinum 
electrode in soln. of sulphite-ions and ll -ions, under quiet conditions, is fairly 
constant, but when the soln, i.s agitated for a long time, E becomes negative and 
then gradually increases to the value for the quiescent state. The potential is not 
accidental ; at 25', it is given by E— ()*37—0*0296 log [H‘J'; it is attributed to 
sulphurous acid, and a deconqiosition product of this acid. It is independent of 
the initial condition of the electrode, and is .scarcely affected by the ])resence of 
sulphuric, hydrochloric, or dithionic acirl. It is supposed to be hyposuljihurous 
acid, and the nearly constant value of E i.s said to be due to the rate of production 
of this acid from sulphurous acid, lieirig equal to the rate at which it spontaneously 
decomposes. The addition of suljihur has no influence on E at low temp., but at 
higher temp, it may affect the potential because of the accelerated rate of decom¬ 
position of the hyposiilphurous acid. The potential is complicated by the presence 
of oxygen, since this latter as.sists the decomposition of the hyposulphurous acid. 

W. Finkelsteiu measured the decomposition potentials of various substances dis¬ 
solved in liquid sulphur dioxide. H. P. Cady and R. Taft studied the electrolyses 
of a number of soln. of salts in liquid sulphur dioxide— vide infra. In none of the 
electrolyses attempted (potassium iodate, iodide, ferricyanide, etc.) were cathodic 
reduction products of the electrolyte obtained. Generally, the products possessed 
similar qualitative properti(‘S and arc considered to be produced by the discharge 
of the ions of the solvent. The cathodic dejiosit, characteristic of so many of the 
soln., gave reactions which indicated the presimce of a sulphite, thiosulphate, and 
probably one or more salts of the thionic acids. Contrary to L. 8. Bagster and 

B. D. Steel, but in agreement with M. CentiuTszwer and K. Drucker, no free sulphur 

was contained in these deposits. Anodic products are similar to those produced 
in the electrolysis of the substances in aq. soln. ' 

According to L. Boltzmann,^® the dielectric constant of sulphur dioxide gas is 
1*00260; J. Klemencic gave l‘(X)905 at \\ T ; and K. Badeker, 1-00993 at O'" or 
at r, 1-00993- O-45xlO“50q-i.86xlO~7^-^, up to 150^ For the liquid at H‘5^ 
and A -120, W. D. Coolidge gave 13-75; and 6-26 at 0®; and P. Eversheim, for 
A^^od , gave 14-0 at 20*"; 10-8 at 60° ; 7-8 at 100° ; 4-5 at 140°; and 2-1 at the 
critical temp, about 154-2. The dielectric constant, €, of sulphur dioxide was found 
by C. T. Zahn to be: 

~7%r — .V4* 22-.%' 212' OJifl’ 170 8’ 

(€-^l)xl(>* . 1(K)15 U918 8176 HI20 5177 3911 
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and the rcaults can bo represented by P. Debye’s expression (€—l)tjT- -0 0014331’ 
+2*167, where v is the sp. voL referred to the vol. occupied by tin* ideal gas at 
0 ° and 760 mm. There is no evidence of the 10 per cent, increase observed by 
M. Jona at about 150°. G. Jung, and G. P. Smyth discussed the orientation of the 
molecules in dielectric fluids. W. Herz studied some relations between the dielectric 
constants and the physical properties. W. Kliefoth calculated a value for the 
electrical moment of sulphur dioxide, and showed that the electrostriction, or con¬ 
traction in vol. which occurs when a powerful electric field is applied to the gas. indi¬ 
cates that the attraction between the molecules is of electrical origin. W. A. Macky 
obtained similar results in developing trihoelectricity in an atm. of sulphur dioxide 
as in air. T. Terada and co-workers found that the sparking potential of sulphur 
dioxide at normal press, is three times that in air. 

The chemical properties of sulphur dioxide. —According to C. Langer and 
V. Meyer,1® vapour density determinations at 17(X)° show no evidence of the decom¬ 
position of sulphur dioxide by heat. H. St. C. Deville, A. Morren, A. Geitz, and 
P. Walden and M. Centnerszwer, however, said that when heated to about 1200°, 
sulphur dioxide decomposes into sulphur trioxide and oxygen. A. Winternitz 
found that if x denotes the percentage dissociation of sulphur dioxide, S() 2 - ^S.>*h 09 , 
at 727°, ar =- 0 * 071 12 ; at 1227°, 0-000138 ; at 1727°, 0-0148 ; and at 2227°, 0-246. 
J. B. Ferguson showed that it is probable that sulphur dioxide is less dissociated 
by heat than is carbon dioxide or water vapour. He calculated for the dissociation 
|S2+02;?^S0o, the equilibrium constant K from [S02]-~/tr[S2]^[02l, log /i—1818T~i 
~-l-38 log T+0-0006] 2’--0-0767T2 _o-135 . Hence, if x denotes the fraction of 
the original sulphur dioxide dissociated at difienmt press, p atm., 
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D. Alexejeff made calculations of the thermal dissociation of sulphur dioxide. 
J. Priestley, and V. L. Berthollet observed that when water and sulphur dioxide 
are h(*ated in a sf'aled tube, sulphur is formed. A. F. de Fourcroy and 
L. N. Vauquelin, and C. Geitner observed no decomposition vrhen the moist or dry 
gas is passed through a red-hot tube, and C. Geitner w+en the dry gas is heated in 
a sealed tube. P. Hautefeuille said that the decomposition of the moi.st gas in a 
sealed tube occurs at 440°. J. I, Pierre found that gaseous and liquid sulphur 
dioxide, and the aq. soln. were not changed when separately heated on a water- 
bath for a month, or allowed to stand at ordinary temp, for 3 years. J. Priestley 
observed that if sulphur dioxide and water be heated in a sealed tube, crystals of 
sulphur are produced. 0. Geitner observed the formation of sulphur and sulphuric 
acid at 170°~180° ; and M. Berthelot, at 150°-180°. Some sulphur may react 
with the water, forming hydrogen sulphide. H. Wieland found that sulphur 
dioxide is slowly oxidized by moist palladium, in the absence of oxygen : H 0 O+SO 2 
-8O3+H2. 

J. S. Stas 20 said that sulphur dioxide is more chemically active in sunlight than 
in darkness. According to P. Dutoit and E. Gyr, ordinary white light has no 
effect on thoroughly dried sulphur dioxide. J. Tyndall showed that when a beam 
of electric light is passed through a long tube filled with the gas, at first the gas 
appears to be clear and transparent, but in a few minutes the gas appears to decom¬ 
pose, foj* misty wavering striae appear, and gradually the whole tube appears to 
be filled with a fog. This action of light in certain gases is sometimes called 
Tyndall’s affect. In the present case the effect appears to be due to the decomposi¬ 
tion of the sulphur dioxide, probably 3 SO 2 — 2 SO 3 +S. If left a short time in the 
dark the gas becomes clear, perhaps owing to the recombination of the sulphur and 
sulphur trioxide, or to the deposition of the fine particles on the walls of the cylinder. 
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Ultra-violet light from a mercury quartz lamp decomposes sulphur dioxide into its 
elements, a crust of sulphur being deposited on the containing mercury ; the oxygen 
reacts with the residual sulphur dioxide. D. Berthelot and H. Gaudechon, A. ('oehn 
and H. Becker, and H. Kiihne showed that sulphur trioxide is formed when a 
mixture of oxygen and sulphur dioxide is exposed to ultra-violet light. A. Coehn 
and H. Becker found that the reaction, 2802+02^2803, is in equilibrium when 
about 100 per cent, of sulphur trioxide has been formed ; wher(*as in the light from 
a mercury lamp, and at the same temperature, equilibrium is reached when 65 per 
cent, of sulphur trioxide has been formed. The value of the equilibrium constant 
K in [0218021“^~A’'[803p is 2-9x10’"® for light of a certain intensity, and with light 
of a less intensity the equilibrium constant is altered. The equilibrium point is 
not altered at temp, between room temp, and 800°, whereas the temp, coeff. of the 
thermal reaction is 1*2 for a rise of 10° between 50° and 160°. The possibility of a 
photochemical equilibrium, different from ordinary equilibrium, is d(*nied by some 
chemists. A. Findlay observed that sulphur trioxide is formed when a mixture 
of sulphur dioxide and oxygen is cxpos(‘d to the Tesla discharge ; and W. Hallo<‘k, 
to radium rays— vide infra, the formation of sulphur trioxide. 

According to E. Coehn, the photochemical decomposition of sulphur dioxide 
furnishes sulphur and oxygen, the latter being largely used up to form sulphur 
trioxide ; and R. A. Hill said that the primary process involves either a dissociation 
of the S 02 -molecule into atomic sulphur and molecular oxygen, or simply an acti¬ 
vation of the sulphur dioxide molecule so that the final result in either case is 
3 S 02 --' 2 S 03 -i-S. A. L Foley studied the effect of ultra-violet light, and of X-rays 
on the spectrum of sulphur dioxide. Assuming with T. von Grotthus—2. 18, 5 - 
that only those rays absorbed by a substance can be photochemically a(‘tiv<\ 
R. A. Hill found that the absorption band commencing at 318*2/i/x with its head 
at 296-1/x/x is involved in the photochemical decomposition of sulphur dioxicb*. 
W. C. M. Lewis showed that the reactivity of a substance depends on its critical 
increment—4. 25, 8 —meaning the amouni of energy which must be added jver 
molecule or gram-molecule, in excess of the average content in ordtT to bring the 
molecule into the active state. The higher the critical increment, tlu' smaller 
the reactivity or rate of reaction. He found that this increment appears in the term 
^"EiRT of expression for the temp, coeff. of the velocity of the reaction, where 
E denotes the critical increment per mol; R, the gas constant; and T, the alisolute 
temp. He applied the hypothesis to the thermal decomposition of sulphur dioxide. 
He calculated for tlie critical increment of oxygen 30,000 cals, per mol; for sulphur, 
73,500 cals, per gram-atom ; and for sulphur dioxide, 103,500 cals, per mol. Since 
the thermal value of the reaction, can be represented by: 

—Areactanisr 81 ,400-“Aresuiunfs“ 103,500, and the critical increment of the sulphur 
dioxide molecule is therefore 184,900 cals. This corresponds with radiation of 
frequency 19*6 xlO^^, and wave-length 153^/x. This high value for the critical 
increment agrees with the great stability of sulphur dioxide even at 2200° K. The 
calculation assumes that atomic sulphur is concerned in the process. Remembering 
also that the absorption bands for oxygen— 3-2|fi and 4-8/t— and that the critical 
increment for a wave-length 4-8^ is nearly 6000 cals, per mol, if both oxygen 
atoms have to be activated, and if the S 2 “molecule is concerned in the reaction, the 
critical increment for S 2 + 2 O 2 is 33,500 cals., and the critical increment of sulphur 
dioxide is 95,700 cals. This agrees closely with the critical increment, 96,700 cals., 
calculated for the 296 1/xft band concerned in the photochemical reaction. 

According to J. Carvallo, when a current is passed between platinum electrodes 
in liquid sulphur dioxide in the dark, the current-intensity falls to a constant 
minimum. If at this stage the liquid is alternately illuminated and darkened, the 
current intensity rises to a greater extent at each successive illumination, reaching 
a maximum at the seventh, and fulls at each extinction of the light, the limit of 
the fall being higher at each successive extinction. These changes arc shown by a 
curve in the original. After the final extinction the current gradually falls to the 
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original minimum. These two cfiects occur in the mass of the liquid, and are 
produced by ultra-violet rays. The positive effect is chemical, and is due to the 
change represented by tlie equation 3 SO 2 -S+2S08; the negative etfect, which 
takes place in the dark, is due to the removal of the impurities by the current. This 
negative eftVet is not exhibited when an alternating current is used. J. S. Si as 
observed that ordinary sulphur dioxide exerts a simple reducing action on the* 
iodate, broiuate, or chlorate of silver, but sulpliiir dioxide which lias been exj)osed 
to liglit exerts both a reducing action and a sulphuration similar to most of th(i 
polythionic acids. As a result silver sulphide is slowly juwipitated. 11. Rose 
noticed that sulphur dioxide <»[)tained by the action of sulphur on mangan(‘S<‘ 
(Uoxid<‘ behaves towards silver salts ditfcrently from tli<5 gas (d)taim‘d by reducing 
sulphuric acid with mercury or copper; and J. 8. Stas observed a similar result 
with Buipliur dioxide prepared from sulphur and sulphuric acid, but in a less degree. 
This does not mean that there are two ilifferent forma of sulphur dioxide, but that 
by certain modes of jireparation, by exposing the gas in the j^reaence of moisture 
to light, or by exposing the acp soln. to light, impurities of the nature of polythionates 
are formed which contaminate the gas. O. Lot‘w found that after an aq. soln. of 
sulphur dioxide has been exposed, in sealed tubes, to sunlight, it begins to deposit 
sulphur after about 2 months and at tlie same time forms sul})huric acid. 

J. Priestley 21 found that sulphur dioxide is decomposed by electric Sparks. 
He said : 

One of the most renuirkable o]>ser\ations 1 have made on vitriolic arid air was that 
wlien the electn«' pjiark j.s taken in it, tlie inside of the glass tube m whicli it is confined i.s 
eov< fod with a blackmli substance. 

The black substance puzzled him, and he finally concluded that it is mercury 
superphlogistieaied, II. BuiT and A, W. Hofmann showed that sulphur and sulphur 
trioxide are formed hy the sparking; and P, de Wilde, by the silent discharge. 
H. St. C/. Deville said that a state of equilibrium is attained, and that to decompose 
the gas eomplctely the sulphur trioxide should be removett as fast as it is formed 
by w'ater or cone, sulphui’ic acid. M. Berthelot said that some platinum sulphide 
may be formed on the jilatinum electrodes. According to M. Poliakoff, when a 
mixture of sulphur dioxide and oxygen is exposed to the silent electric discharge, 
the, oxidation to sulphur trioxidi* is more or less completely dependent on the cone., 
press., etc. if tlie oxygen alone is subjected to the action of the discliarge, it will 
unite with thf* sulphur dioxide when removed from the miluence of the discharge. 
Sulphur dioxide, however, is not thus activated by tluj discharge. The results 
similarly obtained with various catalysts, like those of the experiments on the 
decomposition of potassium chlorate, point to the activation by the catalyst of the 
gases adsorbed liy the latter. According to Henri and F. Wolff, the emission 
spectrum jirodiueil by an oscillating discharge in sulphur dioxide ih attributed to 
the formation of sulphur monoxide, SO, and the energy of dissociation :s estimated 
at 148 (’ais. K. Honda and K. Otsuka calculated for the sparking voltage with 
tubular electrodes in Huljdiur dioxide to be for a 10-cm. gap, and a 50-cycie alter¬ 
nating current, 53 volts. V. T. Terada and co-workers studnal the character of 
the sparks in sulphur dioxide. 

According to M. Berthelot, dry hydrogen and dry sulphur dioxide react when 
passed through a red-hot tube, forming water and sulphur ; and, if the temp, is 
not too high, some hydrogen sulphide is produced as well. No action occurs with 
the dried gases at temp, below 280® ; and the moist gases do not act on one another 
at ordinary temp, in light. If the dried mixture be ignited in air, sulphur, hydrogen 
sulphide, and vrater are produced. The thermal value of the reaction is SO 2 + 3 H 2 
—2H20+H2S+51‘8 Cals.; if nascent hydrogen from zinc and sulphuric acid acts 
on sulphur dioxide, the thermal value of the reaction is 37'9 Cals, If a mixture 
of sulphur dioxide, hydrogen, and enough oxygen for the complete combustion of 
the hydrogen be exploded, the sulphur dioxide suffers no change. I. Traube said 
that the flame of a burning mixture of hydrogen and sulphur dioxide in contact 
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with water forms free sulpluir and hydrogen sulphide. The reaction 
=^ 2 H 20 H'H 28 , was studied quantitatively by M. Randall and F. R. von Bichowsky 
—vide suprUy hydrogen sulphide, M. 6. Tomkinson found that the reaction 
between the dry gases is accelerated by nickel or nickel sulphide. The whole of 
the sulphur dioxide is decomposed at 400°-450^ if the gas current is slow\ Steam, 
hydrogen sulphide, and sulphur are formed. Cobalt sulphide can be used as catalyst 
for thti hydrogenation, but ferrous sul|)hidc is not so effective. P. Neogi and 
B, B. Adhicary said that the hydrogen sulphide is produced with nickel as a catalyst 
partly by direct reduction, and partly by the reduction of nickel sulphide formed 
by the interaction of nickel and suljdiur dioxide. According to J. H. Gladstone 
and A. Tribe, nascent hydrogen from the copper-zinc couple, or hydrogen from hydro¬ 
genized platinum converts sulphurous acid to sulphur, w’hile hydrogenized palladium 
reduces it to hydrogen sulphide —vide infray the action of metals on sulphurous acid. 
M. J. Fordos and A. Gelis observed that with hydrogen from dil. sulphuric acid 
and zinc, SZn+SOo-f 3 H 2 SO 4 — 3 ZnS 04 -| H 2 S-f- 2 H 20 . H. Moissan found that 
sulphur dioxide reacts with the metal hydrides —alkali and alkaline earth metals— 
forming hyposulphites. 

Dry sulphur dioxide is oxidized by air or oxygen only to a very small cxtcuit if 
at all; at an ehn^ated temp., a little trioxide is produced, but if a contact catalyst 
is present, c.ry. platinum, the oxidation readily occurs. In 1831, this was the 
subject of a patent by P. Phillips 22 for making sulphuric acid. The reaction was 
examined by 8. Genelin, W. Petrie, G. Magnus, \V. Rath, J. W. Dobereiner, 
F. Wohler, F. Mahla, W, Hempel, etc .—vide irfra, sulphur trioxide, and also sulphur 
heptoxide. E. Briner and A. Wroezynsky observed the beginnings of chermcal 
reaction between sulphur dioxide and oxygen at a high press. E. Andreas dis¬ 
cussed the production of electricity in the gas cell in the oxidation of sulpliur 
dioxide by air. If the gases are dry, M. Berthelot said that oxidation does not 
occur at 100'', but if the gas be in statu nascendi, as occurs when sulphur is burnt 
in oxygen, or if a mixture of sulphur dioxide and oxygen or ozone is exposed 
to the silent electrical discharge, oxidation occurs. In that case, the sulphur 
dioxide and oxygen form some sulphur heptoxid (»—vide infrUy alkali sulphites. 
A. Borchers found the equilibrium conditions of the reaction to be 

[ 03 ]'r=A^[ 02 ]s when K~-0-lSSS ; and for the reaction ^03-fS02-~803, wlierc 
[S 03 ]---A'[ 03 ]^[S 02 ], and A’=l*013. With sulphurous acid, A-^“(>514, H. B. Dixon 
showed that oxygen does not combine with sulphur dioxide in the presence of 
water-vapour at IW, but oxidation does occur if particles of liquid water are 
presemt. According to E. J. Russell and N, Smith, when a mixture of sulphur 
dioxide and oxygen is allowed to stand over certain metallic oxides at the ordinary 
temperature, combination takes place to a certain extent between the tw^o gases, 
owing to the “ surface action *’ exerted by the metallic oxide. With the same 
oxide, the amount of sulphur trioxide formed depends on the extent of th<‘ surface 
of the oxide; and also on the state of the surface. It is least with freshly pre¬ 
cipitated oxides which are not yet dried, and increases if the oxide has been 
moderately heated or kept for a long time so as to become dry. The amount is 
dependent on a simultaneous combination of the oxide with sulphur dioxide, and 
seems to proceed concurrently with this. Several cases have been observed in 
which sulphur dioxide was absorbed without any combination with oxygen, but 
no case could be discovered in which the two gases combined without a reaction 
taking place between the .sulphur dioxide and the metallic oxide or other substance. 
The most striking instance of this surface action is afforded by manganese dioxide, 
some 20 per cent, of the sulphur dioxide being converted into sulphur trioxide. 
If the materials are carefully dried by means of phosphorus pentoxide, no com¬ 
bination takes place, as even after standing for several days no alteration in volume* 
can be detected. By drying the mixture, combination of manganese dioxide and 
sulphur dioxide is thus prevented, as is also the surface action of the oxide which 
brings about the union of sulphur dioxide and oxygen. When sulphur dioxide and 
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oxygen are passed over heated platinized pumice, comhinution dimiuislu^s as the 
materials are more completely dried, and can be made very small. Hitherto it 
has been generally held that the ‘‘ contact action ’’ of platinum could bring about 
combination even in the absence of any impurity, but this does not appear to be 
the case. J. Maisin studied the action of the electric discharge on a mixture of 
sulphur dioxide and oxygen whereby })ersul])huric anhydrides are formed. 

The aq. soin. of sulphur dioxide is slowly oxidized in air, forming sul})huric 
acid, while C. L. Reese found that dil. soln. are rapidly oxidized. H. Uossler 
showed that the r<‘action is accelerated hy copper salts ; and L. Meyer, that it is 
accelerated in the ])resence of various salts, and this in the order of decTeasing 
activity—manganese sulphate and chloride, copper sulphate', ferrc»us and (jobalt 
chlorWe and sulphates, and the sulphates of nickel, zinc, cadmium, and magnesium ; 
while thallous^^and potassium sulphates, and free sulphuric aci<l are inactive. 
J. Priestley, T. Bergman, A. F. de Foureroy and L. N. Vauquelin, (^ L. Berthollet, 
and C. Gcitner observed that when an aq. soln. of sulphur dioxide is heated, some 
sulphur is formed. F. Feirster and co-Avorkers found that the autooxidation : 
3 H 2 S 03 “~ 2 H 2 S 04 -}-H 20 -f S, is complete only aftcT several days at 100"^ V. It is 
autocatalytic, being acceleraled by tJie suljdnir but retarded by the hydrogen- 
ions formed. It is accelerated by light and h('at. F. Thomas studied the action 
in light. The mechanism of the change is complex, thiosuljihiiric and polythionic 
acids being formed as intermediate stages. F. Forster and co-workers consider 
that twx) different kinds of mols. must be })resent iri the oxidation and reduction 
which is the first step in the ])rocess of aiitoxidation : they ((insider that these 
are two different forms of H 803 '*ions or of SoOr/'-ions reacting according to 
21 iS 0 ./-»S 04 ''-f HoSOo (sulphoxylic acid); or 8 - 2 Or/'-^ 804 "-^-SO (sul])hoxylic 
anhydride). As indicated in connection with the action of light on soln. of 
sulphurous acid and the sulphites, it may be assumed that some ]>yrosulphurous 
acid is })resent in vsoln. of sulphurous acid, and ac'cordingly, H. Bassett and 
R. G. Durrant assume that the two kinds of mols. concerned in the first vstage 
of the Hutoxidatiou are H 2 ^G 3 and and the reaction jiroceeds, H 28 O 3 

+H 2 S 205 ^H 2804 f H 282 O 4 , where hyposulphurous acid is the most jirobable pro¬ 
duct in the first state of the reduction of the j^yrosulphurous acid. Owing to the 
instability of this acid proof is difficult, although E. Jungfieisch and L. Brunei, and 
F. Forster observed that hyposulphurous acid is formed under some conditions. 
H. Bassett and R. G. Durrant said the only reaction for hyposulphite in sulphite 
soln. und(‘rgoing autoxidation is the bleaching of indigo. F. Forster and co-workers 
observed that sulphur dioxide co-ordinat<*d with thiosulphate or iodide can oxidize 
sulphurous acid in place of the sulphurous acid complex H 2 SO 3 . 8 O 0 . This explains 
the reinarkabh' way in which iodides or thiosulphates accelerate the autoxidation. 
While colourless pyrosulphuroiis acid, HSO 2 .O.H 8 O 2 , is normally respotisible for 
the first step in the autoxidation of sulphurous acid, the pj’ro-form of hyposul¬ 
phurous acid, H. 8 O 2 .O.S.OH, is the first product of the reaction ; but some 
pyrosulphurous acid may be transformed into the yellow complex H 28 O 3 .SO 2 , 
and the two forms react to produce thiosulphate and pyrosiilphite : HO.S.O.SO.OH 
+( 110 ) 28 . 802 ^=^H 2 S 205 +H 2 S 203 . The next stage of the reaction involves the 
decomposition of thiosulphuric acid (q.v.). F. Forster and co-workers assume that 
the thiosulphuric acid is cierived directly from the sulphoxylic acid, a reaction which, 
according to H. Bassett and K. G. Durrant, does not occur. F. Forster and co- 
workers assume that pentathionic acid is the first product of the break-down of 
thiosulphuric acid, but H. Bassett and R, G. Durrant said tliat trithionic acid is 
first formed : 2 H 2 S 208 ^H 2 S+H 2 S 306 , and this gradually yields tetrathionic and 
pentathionic acids as the cone, of the sulphurous acid diminishes \nth the progress 
of the autoxidation. The polythionic acids decompose in their turn, and the 
final products of the autoxidation are sulphur and sulphuric acid. On account 
of this polythionic acid formation during autoxidation, tri- and teira-thionic acids 
are almost always present in old sulphurqiis acid soln., whether these have been 
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(‘litircly protected from atm, oxidation or not. As the thionic acids are slowly 
decomposed in acid soln., the amount surviving in any given case depends upon 
the age and composition of the soln. No separation of sulphur occurs for a long 
time, because the excess of sulphurous acid stabilizes both the sulphoxybc and the 
thiosulplmric acids by yielding with them the sulphur dioxide addition complexes. 
Formation of thiosul])hate from sulj)hite and sulphur, according to the reaction : 

f 8 IS greatly facilitated as well as the formation of trithionate : 
2 H 2 So() 3 v-~>H^,S i ; the hydrogen sul[)hide is removed by interaction with 

sul])hoxylie arid : ILS-f ( 110 ) 28^28 \ 2 H 2 C, with pyrosulphurous acid : 
[-H 2 »S^ 8 ( 0 H )2 { 110,8.C.8 OH, or with the sulphur dioxide of the complex 
H 2 S 203 ( 802 Vi» thus: lloS-f [SOo] -S { S(OH) 2 . While the thiosulphate is form¬ 
ing during the autoxidatioii of sulplmrous acid, the acidity or hydrogeu-ioii cone, 
increases, and addition of acid is conse(j[uently unfavourable to the reaction. 
On this account, pyrosulphite soln. undergo autoxidation much more ra})idly than 
do sulphurous acid soln. This effect of the hydrogen ion is connected with its 
influence on the equilibria H‘-}'II 803 '^::^HoS 03 -H20-f-802. The more acid the 
soln., the greater the proportion of sulphur dioxide present, and since the autoxida¬ 
tion becomes correspondingly slower, this favours the view that sulphur dioxide 
i.s not one of the primary reactants. Various liquids other than w&tvr were shown 
by E. Matthews to favour the reaction with hydrogen sulphide and sulphur dioxide ; 
and the assuni])tion that pyrosulphurous acid is one of the primary products of 
the reaction is supjiorted by G. M. Bennett’s observation that sulphur, or even 
hydrogen siil|d)ide, was liberated when sodium sulphite or jiyrosulphite, in the 
solid state or in sat. soln., w^as added to hot cone, snlphuiic or phosphoric acid. 
Sulphur dioxide or its sat. sohi. in w’ater do not act in this way. In conclusion, 
H. Bassett and R. G, Durrant added that the reduction of sulphurous acid in aq. 
soln, probably proceeds normally to hyposulphite, and not directly to sulphur or 
hydrog(‘n suljihide. These substances are products of the reduction of hyposul- 
phurous, siilphoxylK-, or thio.^ulphurie acid. The various reactions between metal 
salt soIji, and sulphurous acid indicated below emphasize this byjiothesis. 
H. Thoma.s discms'^ed the oxidation of sulphur dioxide in sulphuric acid soln. 

F Forster showed that the spontaneous decom]) 08 ition of sul]>hiirous 
acid js autocatalytic, and is accelerated by the presence of selenium. The 
first products of the reaction art‘ sulphate and trithionate ions, but not 
tetrathionate: 8^0^" P-H 2 O. The slower the reaction the 

greater is the decomposition of the trithionate according to the c<|uation 
-t-H.jO, ^804"-! -i 2ir. The antocatalytic nature of the main reaction is 

ascribed to the hydrogen ion, of %\hich the concentration increases more rajiidly 
than is indicated by titration, using methyl-orange as indicator, on account of 
the disappearance of H 8 () 3 '. The mechanism of the process is as follow^s : the 
aeleno-dithionate ion, formed rapi<lly by the action of hydrogen sulphite soln. 
on selenium or on seleuious acid, undergoes decomposition, accelerated by the 
hydrogen ion, Se 82 G 6 ""~l~H 20 -»S 04 '' f SeSO^^'-f 2H'; in presence of mor(‘ hydrogen 
sulphite a series of reactiims then takes place: 8 e 803 " -+2H>SeO i~80 FH 2 O; 
8 e 0 + 2 HvS 03 '-»Se 8206 ''-}-H 20 ; B 0 ~t- 2 HS 03 '--» 830 (j''+H 20 . In the absence of 
selenium, the hydrogen sul})hite ion decomposes very slowly, according to the 
equation 4 H 8 CV-> 2 S 04 ''-f S 203 "'-f 2 H*-fH 2 O; the resulting hydrogen ions in 
this case also effect autocatalysis, probably through the formation of poly- 
thionates. 

E. Jungfleisch and L. Brunei studied the action of heat up to 160® on aq. soln. 
of sulphur dioxide, sat. at 0 ®, and found that water and sulphur dioxide will react 
at temp, below 160®, and even at the ordinary temp, producing sulphur and* suL 
phuric acid, but the reaction is much slower at the lower temp, and with more dil. 
soln. This production of sulphur and sulphuric acid really taktis place in two 
stages, the first of i;^hich, resulting in the formation of hyposulphurous acid, is 
only noticeable at the lower temp.: 3 S 02 d- 2 H 20 =:=H 2 S 204 +HQS 04 ; followed by 
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H2S2O4—SH-H2S04. Certaiu secondary reactions of a minor character take 
place at the same time. K. F. Ochs measured the potential of sulphurous acid 
against copper, manganese, iron, and cobalt salts in soln. between 5"" and 65"". 
These agents act as catalysts in the oxidation of the acid, F. Binnecker arranged 
a number of salts, etc., in the order of their power to act as oxygen carriers in the 
oxidation of sulphurous acid : manganese sulphate, and chloride ; cupric and 
cuprous chlorides ; cupric sulphate ; ferric chloride ; cuprous oxide ; ferrous, 
and cobaltous chlorides ; ferrous sulphate ; cupric hydroxide ; copper ; ferric 
and cobaltous sulphate; cujiric oxide; nickel, zinc, cadmium, magnesium, 
tballous, and’potassium sulphates; dil. sulphuric acid; and water. ()}>serva- 
tions were also made by L. Meyer, and H. Stelljes. According to A. E. Lange, 
sulphuric acid is not formed in appreciable quantities when sulphur dioxide is 
passed into a soln. of sucrose ; hut if a current of sulphur dioxide mixed with air 
free from earl^on dioxide is })assed through a flask containing a copy>er or iroq 
salt as a positive catalyst, and then through a second flask containing the same 
salt together with a 25 per cent. soln. of sucrose, the formation of sulphuric acid 
is greatly diminished by the presence of sucrose. Air oxidizes aq. soln. of the 
sulphites, and J. J. Pierre observed that an acid sulphite after standing for a year 
ill a closed vessel furnishes sulphur, and sulphuric and thionic acids, 1. A. Jiach- 
man, and R. Lepetit and C. C. Satta fdiserved tliat the normal alkali and ammonium 
.siil]>hites are oxidized at about the same speed, and faster than the hydrosulphites. 
Tlie retarding influence of alcohol ami other organic substances was noted by 
S. L. Bigelow, H. N. Alyea and H. L. J. Backstrom, H. L. J. Bkekstrom, and A. and 
L. Lumiere and A. Seyewetz—rk/c infra, alkali sulphites ; and of ferric hydroxide, 
by B. Miyamoto. 

C. Mourou and cp-workers studied the catalytic action of some substances on the autoxi- 
dation of alkaline and acidic soln. of sodium sulphite, and, taking the two types of 
holn. in the ord(^r named, they found silicon retards, hastens; silica, retards, nil; silicon 
teiraidiloride, retards, liastens; silicon tetrabromide, retards, hastens ; silicon totraiodide, 
retards, retards; silicon hydrotrichloride, —, xtitards; silicon phenyitrichloride, —, 
retards; silicon tetraethyl, —, retards; silicon tetraethoxide, retards, retards; silicon 
tetraphenyl, hastens, hastens; and boron, retards, —. 

W. Omeliansky found that the organism which converts nitrites into nitrates 
will not oxidize sodium sulphite or phosphite. L. J. Th^nard, and J. Meyer 
found that hydrogen dioxide oxidizes sulphurous acid and sulphites to sulphates; 
and A. Nabl repre.sented the reaction: 2 H 2 S 03 +H 202 ^~ 2 H 20 +H 2 S 20 q ; 
followed by H 2 S 20 e+H 202 ” 2 H 2 S 04 . F. Ferraboschi said that ozone is pro^ 
duced when hydrogen dioxide is added to aq. sulphurous acid, but not so with 
sodium or barium dioxide ; nor when a soln. of sodium sulphite is used— infra, 
sodium sulphite. J. H. Kastle and A. S. Loevenhart said that when sulphur 
dioxide is oxidized by hydrogen dioxide, a labile oxide, H.S 02 ( 02 )H 3 , is first 
formed as intermediate compound. 

F. Sestini observed that below its b.p. liquid sulphur dioxide is insoluble in 
water. According to H. Davy, one vol. of water absorbs 30 vols. of the gas at 18° ; 
J. Dalton, 20 vols. at ordinary temp.; N. T. de Saussurc, 43*78 vols.; Tv^Thon^t®, 
33 vols. ; and T. J. Pelouze and E. Fremy, 50 vols. at 20° and 760 mm. ' jTDnestley 
found one part of water by weight dissolves 0*04 part of gas ; A. F. de/Fourcroy and 
L. N. Vauquelin, 0*143 part of gas ; T. Thomson, 0*0909 part of gas at 16° and the 
Bp. gr. of the soln. is 1*0513; and J. I. Pierre, W, M. Watts, W. T, Smith and 
R, B. Parkhurst, E. Freese, P. Walden and M. Centnerszwer, B. S. Neuhausen, 
A. Harpf, and J. C. Hudson made some observations on this subject. T. H. Sims' 
data were recalculated by W. Fulda. The absorbed gas does not escape on freezing, 
but it can be all driven off slowly by boiling the soln. F. Schonfeld gave for the 
solubility of the gas expressed in vols. of sulphur dioxide, reduced to 0° find 760 mra., 
dissolved by one vol. of water : 

n® 10'’ 35* 20“ 2r»“ 30*’ 3:i® 40“ 

SO, , 79 789 67*485 66*647 47*276 39*374 32*786 27 161 22*480 18*760 

VOL. X, r 
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TJ«i^ iijtMris that one vol. (A water at 760 mm. press, between 0^ and 20® dissolves 
70*780 2*6077^-f 0-0293106/- vols. of sulphur dioxide ; and between 21® and 40'"', 
75*182 2*1716^ [ 0 01903^*^. Or, one vol. of the sat. soln. contains at 0®, between 

0 and 2i)®, 68*861 ~ 1 *87025^4-001225^- vols. of gas; and between 21® and 40®, 
60-952 1-.38898^4 0*01903^- vols. of gas. E. AViedemann gave for the absorption 

ioeit. 79*789(1 -0*032680-; O-(XX)3670-). Tables were also prepared by T. H. Sims, 
an<l Jj (’arius. T. H. Sims also measured tlie effect of j>ress. He found tliat 
S gnns of giivS were dissolved by a gram of water, at a press. 
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'r. K. Slieiwood, and d. Jjiidner also ma<h‘ some observations on the effect of press, 
on the solubilitv of thega^. d. 1). van der AVaalsfound that solubility iS', at0®, and 
]>res<. p. and a soln. of conrt-ntration C* is S log p/(3356''—1*5)—0*01850/(1 Xa0). 
According to F. Schonfeld, t he gas ]>ehaves in accord with Henry’s law, but T. H. Sims, 
K. r. IVnnan, 15. S. Neuliausen and W. A. l^itrick found that the solubility of 
sulphur dioxide in vater can be rejiresented by a formula of the tyj>e r=^A:(pcr/po)^ 
where / and n are constants; r denotes the vol. occupied by the liquefied gas 
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Fio. 10- K({uilibnum Diagruin of Water Fic. 47.—^Tlie Binary System : SO 2 
and Sulphur Dioxide. (I)iagrammatic). 

dissolvixl per gram of water; po» !!*<' vap. jiress. ; jy, the equilibrium gas press. ; 
and CT, the surface tension of the liquefied gas at the given temp. W. B. Campbell 
compiled data on the va}). })re8s. of aq. soln. of sulphur dioxide. The rate of escape 
of sulphur dioxide from its aq. soln. was studied by E. P. Perman ; and the rate of 
absorption, by R. T. Ilaslam and co-workers, E. Oeman, W. G. Whitman and 
D. S. Davis, and W, K. Lewis and W. G. Whitman. The sp. gr. of the soln. have 
been indicated previously. G. Baume and A. Tykociner found that sulphur dioxide 
and water are only partially miscible at low temp. The region covered by the 2- 
liquid system extends from about 11 to 97 molar per cent, of sulphur dioxide, Fig. 46. 
The eutectic at which ice and tlie sulphur dioxide heptahydrate, SO 2 . 7 H 2 O, coexist 
in equilibrium lies at about —3®. The f.p. curve of the heptahydrate is intercepted 
at 12*1® by the straight line corresponding with one of the two liquid phases. The 
f.p. of the second liquid is --74®, and the corresponding straight line on the diagram 
intercepts the eur\"c for sulphur dioxide of m.p. —72*3® at about 97 molar per cent, 
of sulphur dioxide. F. Guthrie gave — 1 - 5 ® for the eutectic temjp., and 
II. AV. B. Koozebooin — 2 * 6 ". A. Geutlier previously prepared the heptahydrate. 
P. Villarcl. G. Tammaiin and G. J. R. Krige. A. Bouzat, and E. Bouty regarded 
the crystals ns liexahydrated ; J. I. Pierre, a.s enneahydrated; 0. Dopping, as 
hennbvdrsled ; and F. fkluJnleld, and A. llelarivc, as pent odec^hy drat eel. The. 
weigi.t of evidenee favours ilm viewthai sttlphur dioxide hesahydrato, 
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is the actual composition of the hydrate. F. Friedrichs made some observations 
on this subject. 0. Dopping gave —2® to —1° for the in.p.; F. Schonfeld, 3*4° ; 
J. I. Pierre, 4° ; A. Delarivc, 4® to 5*^; and A. Gent her, 14^. H. W. B. Koozeboom 
gave for the solubility of the hydrate : 

-*2 6 0’ 4 0’ 80’ 12 2“ 

Molar per cent. 80 2 . 2-4 2-8 3*7 5*1 11 to 9(i 

Curve BL, Fig. 47, represents the equilibrium curve between the solid hydrate, 
a liquid soln. of sulphur dioxide in water, and vapour- -sulphur dioxide and water. 
The vap. press, of the liydrate are ~2*C° and ^^>^211 mm. ; 0'' and 21)7 mui. ; 
7*1° and 700 mm. ; and 12*1^ and 1773 mm. The combination BA represent-s an 
unstable equilibrium. The curve DL refers to the hydrate, a liquid aq. soln. of the 
gas, and the va])our of gas and water : 

(C 4’ 8“ 12 1 

Pressure . . . 310 495 870 1773 mrn 

SOj in one part Jhl aO . 0 104 0*135 0 191 0*310 

The curve LE refers to a soln. of water in sulphur dioxide, of water in sulphur 
dioxide, and the vapour; and LX, the hydrate, soln. of sulphur dioxide in water 
and of water in sulphur dioxide. This curve resembles an ordinary fusion curve, 
and it lias been followed a sliort way—at 12*9® and 20 atm. press.; at 14*2'^ and GO 
atm.; at 15-3^ and 100 atm. ; and at 17*F and 225 atm. At the quadruple point 
L, four ]>hases—heptahydrate, soln. of water in suljihur dioxide and of sulphur 
dioxide in water, and vapour—coexist in equilibrium. The dotted curve refers to 
the system containing the hydrate, ice, and water—values of p and 0 between 
9’5” and —2*G'^ have been determined. The curve BF refers to the system ice, 
a soln. of sulphur dioxide in water, and vapour, and is represented by a system 
with ice floating in liquid sulphur dioxide ; vap. press, from O'" to —2*6'' have 
been determined. The curve BZ refers to a system with the 3 phases ice, solid 
hydrate, and a soln. of sulphur dioxide in water. At the quadruple point B, 
there are the four plinses: ice, solid hydrate, a soln. of suljihur dioxide in water, 
and vapour, 

G. Tammaun and G. J, R. Krigo observed only a single hydrate SO2.GH2O, which 
forms a eutectic with water at — 2*6^. They studied the 
effect of press, on the hydrate in aq. soln., and their 
results are summarized in Fig. 48, where the curve AB 
represents the effect of press, on the m.p. of ice I ; CD, 
the effect of press, on the w^ater-hexahydrate eutectic; 

EF, the effect of press, on the m.p. of the hexahydrate ; 
and Eli is H. W. B. Roozeboom’s curve of the m.p. of 
what he regarded as a heptahydrate. The eutectic water- 
hexahydrate is at at 236 kgrms. per sq. cm. press., 

—*2*95® at 364 kgrms. per sq. cm., and —2*00 at 270 
kgrms, per sq. cm.; and the dissociation press, p, at the 
temp. 0, is given by ^=41*6(log p+0-4904). G. C. and 
I. R, Longinescu regarded the soln. as a binary mixture 
of liquids in wliich (CD+CiDi)j\00 represents the 
density, where C and Cj denote tlie percentage concen¬ 
trations, and D and Di the respective densities. 

C. E. and 0. Maass found for the total vap. press., p cm., of soln. of sulphur 
dioxide: 
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The vapour press, of the two-phase system sulphur dioxide and water is : 

10 0'’ 11-3^ 10-5'’ 22-7'’ 27-0'’ 

p . . 166’6 175 2 209-8 258-9 297-3 

The effect of salts in aq. soln. on the solubility of sulphur dioxide in water has 
been investigated by C. J. J. Fox. In the case of sodium chloride and sulphate, 
and of cadmium chloride, bromide and sulphate, the solubility of the gas is lowered 
by the presence of the salt in soln,, but in the case of the other salts, the solubility 
is increased owing, presumably, to the formation of complexes with the gas. 

The results are expressed in terms of the ratio of the vol. of gas absorbed at the given 
press, and temp, to the vol. of the absorbing liquid. The value for water at 35“ is 22-43, 
and at 25°, 32-76. The following data refer to 3JV-, 2iV-, and JA^*soln. respectively : 
potassium iodide, 45-43, 38-04, and 26-30 at 35° ; and 68-36, 56-75, and 38-66 at 25“ ; 
ammonium bromide, 52-25, 46-06, and 36-28 at 25° ; jmtassium bromide, 36-14, 31-93, and 
24-83 at 35°, and 52-26, 44-96, anrt 35-94 at 25°. C\ J. J. Fox found for 3A^, 2N; and iN-soln. 
of sodium bromide, resjiectively 37-74, 36-26, and 33-76 at 25'; ammonium chloride^ 42-78, 
39-76, and 34-58 at 25' ; jMiassium chloride, 30-02, 27-94, and 23-74 at 35°, and 42*27, 
39-32, and 34-42 at 25° ; sodium chloride, 31-36, 31-76, and 32-46 at 25° ; potassium thio¬ 
cyanate, 42-94, 35-05, ami 25-63 at 35°, and 61-26, 51 8t», and 37*57 at 25° ; ammonium 
thiocyanate, 61-46, 52-26, and 37-78 at 25°; sodium thiocyatuitr, 48-34, 43-37, and 35-44 
at 25° ; ammonium nitrate, 27-43, 25-57, and 23-35 at 35°, and 39-14. 37-27, and 33-96 at 
25° ; potassium nitrate, 27-33, 25-72, and 23-27 at 35°, and 38 52, 36-66, and 33-80 at 25° : 
ammonium sulphate, 24 60, 23-93, and 22-91 at 35°, and 35-9(>, 34-95, and 33-35 at 25° ; 
]ioiassium sulphate, - , ~ 33-20 at 25 ; and sodium sulphate, 19*27, 20*20, and 21*88 at 

35°, and 28*44, 29-51, and 31-96 at 25\ C. J. J. Fox gave for 2N-, 2A^-, and AA^-soln. of 
cadmium iodide, respectively 24-,30. 23-71, and 22-75 at 35 , and ,35 77, 34-74, and 33-27 at 
25° ; cadmium bromide, 19 17, 20-60, and 21*88 at 35°, and 27-46, 29 27, and 31-90 at 25' ; 
cadmium chloride, 18-08, 20-02, and 21-73 at 35°, and 26-06, 28-16, and 31-06 at 25°; 
cadmium sulphate, 16-25, 18-31, and 21-45 at 36°, and 23-76, 26-58, and 3M1 at 25°. 
J. C. Hudson also measured the solubility of the gas in aq. soln. of potassium chloride and 
sodium sulphate, and showed that the results are probably affected by the tendency of the 
salt to hydration, and to combination with the gas as observed by C. J. J. Fox, and 
F. Pochard. There is a inaxinuini in the solubility curve for sodium su]{)hate at 30’'. 
Expressing the cone, of the sohi. as p grms. of sodimn sulphate per 1(K) gnus, of water, 
tho solubilities A' grms. SOj per 100 grms. of water, are, at 30° : 

V • -0 2-04 3-39 5-47 7-83 10-00 20 01 

• . 7-608 7-709 7-776 7-773 7-716 7-6S0 7-006 

P. Riou and P. A. Bcrard observed that tbe rate of absorption of sulphur dioxide 
by milk of lime and of lime-water of various concentrations increases from the 
moment of separation of solid matter at a rate proportional to the cone, of the latter 
and decreases gradually with rise of temp.; they also studied the rate of absorp¬ 
tion of the gas by sat. soln. of magnesium hydroxide. H. P. Cady and R. Taft 
found that liquid sulphur dioxide is not nearly so good a solvent for salts as is liquid 
ammonia or water. The following salts are appreciably soluble in liquid sulphur 
dioxide : potassium chlorate, bromate, iodate, sulphide, dichromate (slightly), and 
ferricyanide; sodium thiosulphate (slightly), and cyanide (slightly); barium 
dioxide; calcium chlorate ; silver nitrate; and cerium nitrate. The following 
salts, etc., are insoluble in that menstruum : potassium perchlorate, permanganate, 
acetate, and chromate; sodium; ammonium molybdate; calcium nitrate and 
phosphide; chromic oxide ; and boric acid. 

0. Hartmann ^4 found that steam reacts with sulphur dioxide, forming hydrogen 
sulphide. The stability of aq. soln. of sulphur dioxide in air is discussed above. 
The autoreddction of aq. soln. of sulphur dioxide: 3H2S03-2H2S04+S-f-H20, 
observed W M. Berthelot, is a slow process unless the temp, be elevated, or the soln. 
be exposed to sunlight; A. Geuther, and E. Divers, also observed that soln. of 
sulphites, hydrosulphitea, and pyrosulphites undergo a similar action at 150®-200®, 
although 6. A. Barbaglia and P. Gucci observed none during 8 hrs. at 140®. Thio¬ 
sulphate appears as an intermediate product of the reaction. E. Jungfleiseh and 
li. Bnmel -vide supra -observed hyposulphit(' as an intermediaki product of thc^ 
reaction. G. M. Bimnott observed that if sulphurous acid be liberated from its 
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salts at 100®>-120®, or lower, it undergoes instantaneous autoreduction: 4H2SO3 
— H2S+3H2SO4—analogous to the reaction with a sulphite 4Na2S03=Na2S 
-f 3Na2S04 at 150°—this reaction is an intermediate stage in the formation of free 
sulphur. It does not occur unless the sulphurous acid be liberated from its salts ; 
and it may be due to the momentary existence of the asymmetric acid H.SOo.OH. 
According to F. Forster and co-workers, the equation given by previous workers : 
3H2S03->2H2S04+B+HoO, may be taken to represent the decomposition of an aq. 
soln. of sulphur dioxide, and G. A. Barbaglia and P. Gucci represented the reaction 
with sat. soln. of the hydrosulphites of sodium, ammonium, and magnesium which 
behave similarly at 150°: 3NaHS03->Na2S04+NaHS044S+H20. The soln. of 
sodium hydrosulphite had suffered no change at the end of 8 hrs. at 140°. P. Klason, 
and T. Kiaer noticed that the presence of free sulphur, selenium, or selenium dioxide 
accelerated the decomj.K)sition of the aq. soln. F. Forster and co-workers said that- 
the reaction (a) 3H2S03-^2S04"-j 4H*4SH-H20 is very slow, requiring many days 
for completion at 1(K)°, and 2 days at 150"'. It is accelerated catalytically by the 
sulphur which is formed, but retarded catalytically by the acid produced in the 
reaction. The positive catalysis of the sulphur, evident at the beginning of the 
reaction, is soon exceeded and maskexl by the negative catalysis of the acid. As a 
result, dil. soln. decompose more quickly than cone, soln., and the decomjx)sition 
is })ractically complete, whereas, with cone, soln., even after heating to 180°, the 
decomposition is incomplete, and is suppressed when 2iV-HCl is the solvent. The 
first stage of tlie reaction, supposed to be (5) 2HS03'-">B04''-f SO+H2O, is very 
slow, and tluTc then follows : (c) 2S0-}-H20^S203"42H*. The sulphur catalyzes 
by generating thiosulphunc acid: (d) HSO3'48^=^8203"4H* far more rapidly 
than the speed of the two reactions w4ich immediately precede. The thiosulphuric 
acid gives ri.s(‘ to jientathionic acid : (c) 5S2O3" ] 6H’-~>2S50e'' -I-3H2O, which is 
d(‘graded by the sulphurous acid to tetrathionic and trithionic acids ; (/) 
4H803'~^S40c''d-8203"4H\ and (<7) S4CVH H803'->S306"4S203"4H\ and 
finally, the trithionic acid is hydrolyzed (/i) S30(i"4H20--»804''4S203'42H*. All 
the reactions (c) to (A) are rapid in comparison-with (6), and they regenerate S2O3 
so that thiosulphuric acid is the real positive catalyst if the acid cone, is sufficient 
to form th(' pentaihionic acid as in (e). Hence, thiosulphuric acid is always present, 
and the cone, of the polythionic acids also present exceeds that of the thiosulphuric 
acid. The more of these intermediate products present the greater does the ratio 
8 : SO4 lag behind the ratio 1 : 2 required by a. The negative action of the acids 
consist in destroying the positive catalyst by foremg (d) to the left, and so repressing 
(e) to (h) and bringing the reaction to a standstill. J. Volhard supposed that the 
strong positive catalytic effect of hydriodic acid on the decomposition is due to 
strong catalytic effect of the hydriodic acid over that of hydrochloric acid on the 
decomposition of the sulphurous acid; but, according to F. Forster and co-workers, 
it is really due to the formation of complex ions. The decomposition of the metal 
hydrogen sulphites is different from that of the acid itself in that imtil the decom¬ 
position is far advanced the cone, of hydrogen-ions remain low, being that of a 
hydrogen sulphite-sulphurous acid soln.; the change is therefore very strongly 
positively autocatalytic, and is greatly hastened by addition of sulphur or poly- 
thionates. If sulphur dioxide is allowed to escape from the soln., as by boiling a 
strong sodium hydrogen sulphit/C soln. in an open vessel, polythionic acids are not 
formed, the mechanism following {b) and (c) above being S203''4H20"^C>4'^4H2^» 
8203'^“} 2H*->S024S4H20, and 2H2S4SO2—3S42H2O. Selenium and selenious 
acid act as powerful positive catalysts, forming the sdenosulphate-ion SeSOg" in 
the soln. Potassium selenosulphate and selenodithionate have been prepared in 
t he pure state, and indications of the existence of selenium analogues of the poly¬ 
thionic acids are obtained. The mechanism of the scries of changes (c) to (h) when 
selenium dioxide is substituted for sulphur dioxide has been examin^. Tellurium 
when free from selenium has no catalytic activity with regard to the decomposition 
of hydrogen sulphites. 
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The soln, of sulphur dioxide has the character of an acid—it reddens blue 
Jitimis, it develops carbon dioxide with carbonates, and forms salts with bases. The 
dibasic acid is called sulphurous acid, H2SO3, and the salts are called sulphites. 
The acid forms a colourless liquid which smells of sulphur dioxide, and has an acid 
taste ; it is the spiritwf siilftiris aciduSy or the spirilus sulfiiris per campanam of the 
alchemists. P. Dogener thought that the cold aq. soln. contains tetrabasic ortho- 
sulphurous acid, 8(0H)4, or H48O4, because it requires 15*6 per cent, more potassium 
hydroxide for neutralization than is needed for the formation of the ordinary 
sulphite, K2SO3. If this be so, tlien the ordinary acid is metasulphmous acid, 
H28O3, and the salts mctasulphttes. K. Drucker said that the aq. soln. contains 
SOo, H20,112803, and the ions 803'', II8O3', supra, the electrical and 

optical properties of the aq. soln. 

G. Lunge, and R. T. Thomson studied the beliaviour of sulphurous acid and tlu' 
sulphites towards litmus, methyl orange, phenacetolin, })ht‘nolpht]iahun, and resolic 
acid. In titrating sulphurous acid with alkalies, the colour indications with Jiftuu.s 
are sharp and certain the moim nt saturation is complete ; lacmoid is useless for 
sulphite titrations because of tlie indehniteness of the end of the reaction ; methyl 
orange is not affected by the sulphites ; the hydrosulphites are mmtral to eongo-red, 
and this indicator is useless for sulphite titrations; with phenacetolin, sulphites 
yield mixed colours, but the change to red is abrupt at the moment saturation is 

complete; normal sulphites are neutral to phenol- 
phthalein in hot and cold soln. ; curcumin is useless 
for sulphite titrations because the end of the re¬ 
action is not sharply indicated; wdth sulphite 
titrations, 50 per cent, of the base may be titrated 
with a strong acid using cochineal as indicator ; 
normal sulphites are slightly alkaline to turmeric. 
G. Wilson observed that liquid sulphur dioxide 
does not at first redden litmus, but after standing 
in contact with the acid for some time the paper 
IS reddened, probably owing to the attraction of 
moisture from the air. I. M. Kolthulf studied the 
tdectrometric titration of the acid, Fig. 49 . The 
Fio. 49 .—Electroinetnc Titm* gas decolorizes many vegetable colours provided 
tion Curve of Sulphurous Acid, moisture be present— roses, violets, paper dyed 

with logwood, etc. The bleaching effect of sul¬ 
phurous acid is in part due to its redueing properties. Moistened r(‘d rose-leaves, 
or fabrics dyed with, say, magenta ’ <Jye, when placed in the gas lose their colour. 
The sulphur dioxide appears to react with the colouring matter, forming sulphuric 
acid and hydrogen : S02i"2H20 n2804-t-H2, and the hydrogen bleaches by 

reducing the colouriilg agent. This idea is supported by the fact that the colour of 
many articles bleached by sulphur dioxide can be restored by exposing the article 
to oxidizing conditions. The yellow^ (‘olour which gradually returns to bleached 
sponges, flannels, etc., is an example. The colour of bleached rose-leaves gradually 
returns when the rose-leaves are exposed to the air, or when the bleached leaves 
are dipped in dil. sulphuric ai id. This shows that the colouring agent is not really 
destroyed during the bleaching. A coloured flower quickly drawn through the 
flame of burning hydrogen sulphide is bleached wherev(*r the flame touches the 
flower; this is not the case with the flame of burning sulphur- -presumably 
because of the absence of water vapour. Dry sulphur dioxide like dry chlorine 
does not bleach 

H. Moissan found that fluorine decomposes sulphur dioxide and the products 
burn with a yellow flame. H. V. Rcgnault observed that sulphur dioxide and 
chlorine form sulphuryl chloride in sunlight; and H. L. F. Melsens showed that 
union occurs in darkness if the mixed gases be passed into glacial acetic acid, or if 
sulphur dioxide be passed over charcoal sat. with chlorine. The reaction was 
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teiudied by li. H, (jleike, and 11 . Traiiuii. il. U. ScliUl/c found otluu* ru^^iiui «.an l)e 
us(‘d— e.g, camphor. J. T, Jiilliou oxidized moist sulphur dioxide to .sulphuric acid 
by means of chlorine. B. Neinnann and F. Wilczewsky repn‘scnt(‘cl tie* reaction 
with chlorine: - tide lujra, .suljdiuryl chlorhh* 

A. Coehn and H. Tramni found that if the gases be thoroughly dried, tliey do not 
react. An aq. solu. of sulphur dioxide reduces chlorine, forming h}drochloric and 
sulphuric acids: S02+2H«()-hCl2-- 2 HCI I-ILSO4. Hence aulphurou.s acid is 
used as an anti-chlor, that is, as an agent to remove the last trace.s of chlorine from 
articles bleached with chlorine. G. Baume and G. I*. Ihimtil studied the f.p. of the 
system: hydrogen chloride and sulphur dioxide, and the results are summarized 
in Fig. 50 . The curve has a eutectic at 144 * 5 ^ and 80 per cent. SOj. 
11 . L. F. Melsens observed that bromine does not unite with bulfduir dioxRi(‘ 
so readily as chlorine. The halogens oxidize sulphurous acid to sulphuric acid, 
forming the halogen acid. F. I^eger studied the action of hroinine. C. Mayr and 
J. Peyfuss represented the reaction: SO2-f-Bro i“2HoO- H2SO4 ; 2nBr. 
F. Sestini, and F. Friedrichs oljserved that lirpiid sulphur dioxide dissolves bromine, 
and iodine —vide wfra^ siilphuryl halides. J. Fiedler found that sulphurous 
acid is rajiidly decomposed by iodine in sunlight. 

The reduction of iodine by sulphur dioxide in dil. 
acid soln., is reversed wlum the cone, of the acid 
i.s over O-Oo per cent., for then hydriodic acid is 
oxidized to iodine. According to R. Bunsen, the 
oxidation of sulphurous acid by iodine is complete: 

2S()2 {" 41 LO +212 -2112^04+4111, provided the 
soln. contains less tlian or 0*(>4 per cent, of acid. 

This was attributed to the hydriodic acid formed in 
the reaction reducing the sulphuric acid: H2SO4 
+2111 "=12+112803+1100; but, according to 
J. Volhard, hydriodic acid acts as a catalytic agent 
in the oxidation of suljihur dioxide; involving the 
cyclic series of reactions: 8O2-I IHl-2H2O 1 21 ^, 

+S; 2SO2 HHoOd -41 ~2H2804+4HI; tliat is, 

3S024-2H20 1-4111-2110804+81 4111 . A little 
hydrogen sulphide is also formed. The reaction 
was studied by J. Bicskel. The iodine oxidizes 
sulphurous to sulphuric acid and is itself reduced 
to hydriodic acid. The secondary reaction can be of Binary Mixtures eoutuining 
avoided by adding the moderately dil. sulphurous Sulphur Dioxide, 
acid to the standard soln. of iodine ; the results are 

low if the iodine soln. l>e added to the sulphurous acid. A. Berg attributed the low 
results to the oxidation of sulphurous acid during the titration ; he found that for 
each concentration of sulphurous acid, there is a limiting proportion of liydriodie 
acid which has no influence on the oxidation, but that the hydrio<lic acid lias a 
retarding or accelerating cflect according as it is present in projiortions grt*ater or 
less than this limit. For a 4 per cent. soln. of sulphurous acid, the limiting value 
is 3 }>er cent. HI. The amounts of oxygen absorbed by (i) sulphurous acid of this 
cone.; by (ii) this acid with 0-36 jier cent. HI; and by (iii) this acid with 3 G -5 per 
cent. HI are as 8 : 1 : 89 * 5 . Manganous chloride, ferrous chloridi*, or solutions of 
the metallic iodides l)ehave similarly to hydriodic acid in acceh*rating the oxidation 
of sulphurous acid, whilst potassium chloride or bromide has no action, and hydro¬ 
chloric acid retards the oxidation, and even stops it altogether. Atm. oxidation, 
however, i.s said to be a disturbing factor during the titration of sodium suljiliite 
soln. with iodine, but R. M. Macaulay found that the low results obtained in the 
titratiou of sulphurous acid by iodine are entirely due to the escape of a portion 
of the sulphur dioxide during the titration; atm. oxidation i.s negligibly small 
Hulphur dioxide was shown by F. Raschig to be more ea^Iy oxidized in the presence 
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of uii alkali. Contrary to E. Rupp s view, the oxidation of sodium sulphite by 
iodine is so fast that there is no need to allow for a time interval in the reaction. 
The oxidation of sulphites by iodine resulting in the formation of an iodide and sul¬ 
phate was studied by A. Michaelis and G. Kdthe, and W. Kalmann. The action of 
hydrosulphites and iodine: 2NaHS03 )-2T2+2H20~2NaHS04+4HI was studied by 
R. Bunsen, M. J. Fordos and A. Gtdis, L. P. de St. Gillos, and W. Spring and E. Bour- 
g('ois ; E. Sokotoff and P. L. Maltschewsky said that some dithionic acid is formed : 
2NaHS03+l2=2NaI+1128200- R- Otio and J. Troger represented the reaction 
with a mixture of sulphides and sulphites by the equations Na2S'!-l2-" 2Nal"| S ; 
and Na2S03+S=^Na2S203. According to R. M. Macaulay, with soln. of sulphurous 
acid of greater cone, than 0*2A^-H2BO3, O-liV-iodinc gives a yellow coloration which 
is not due to the presence of fre(‘ iodine, but to the formation of a complex SO2.HI, 
which does not interfere with the titration. E. Peehard prepared some complexes 
with the gas— vide infra, sulphur oxyhalides. As indicated above, the increased 
solubility of sulphur dioxide in water containing certain salts in soln. observed by 
C. J. J. Fox, is attributed to the formation of complexes with the gas. The subject 
was studied by F. Ejihraim and co-workers, P. Walden and M. Ccntnerszw'er, and 
A. Adnanowsky— vide infra, sulphur oxyhalides. S. Zinno obtained what h<' 
regarded as iodosulphonic acid, (HOjlSOo by the action of sulphurous acid on 
starch iodid<‘, or by the action of a little iodine on well-cooled sulphurous acid--rh/c 
infra ; and sodium iodosulphonato —but A. Michaelis and G. Kdthe said that the 
alleged compound does not exist. Dry h3rdrog6n chloride or hydrogen iodide was 
stated by J. B, A. Dumas to react with sulphur dioxide, forming water, sulphur, and 
chlorine or iodine; in the presence of water, no reaction occurs. E. Briner and 
A. Wrocz}Tisky observed the beginnings of a chemical reaction between sulphur 
dioxide and hydrogen chloride at a high press. According to A. E. Menke, sulphur 
dioxide and hydrogen iodide react to form sulphur monochloride {q. v.). S. R. Carter 
and N. J. L. Mogson observed no complex formation between hydrogen chloride 
and sulphur dioxide. Soln. of sulphites are d<‘Composed by faydiochloric acid witli 
the evolution of sulphur dioxide; according to J. Hargreaves, when sodium chloride 
is heated with steam, air, and sulphur dioxide, sodium sulphate and hydrogen 
chloride are formed— 2. 20, 25 . H. 0 . Schulze said that in the jireaence of ferric 
oxide, or better cupric oxide, the reaction is quantitative at 500 ''. The reaction was 
also studied by J. Krutwig. With sulphur dioxide and steam, without oxygen, 

G. Keppcler and M, Haniseh found that sodium sulphite and hydrogen chloride are 
formed. The reaction comes to a standstill owing to its reversibility. H. 0 , Schulze 
found that a mixture of oxygen and sulphur dioxide converts heated potas si u m 
iodide into potassium sulphate and iodine. C. Meineke, and E. von Meyer found 
that cyanogen iodide reacts with sulphurous acid, forming sulphuric, hydriodic, and 
liydrocyanic acids. The oxy-halogen acids are reduced by sulphurous acids. The 
so-called clock reaction in the reduction of iodic add and the reduction of iodate^s 
by sulphurous acid was discussed by H. H. Landolt, S. Dushman, F. Selmon^, 
.l‘. Eggert, R. Hoepke, L. Berceller, J. Persoz, E. Rupp and co-workers, 0. Ruff and 
W. Jeroch, R. H. Ashley, T. Schumacher and E. Fedor, A. Thiel and E. Meyer, 
W. S. Hendrixson, N, R. Dhar, A. Skrabal and R. Rieder, A. Skrabal and A. Zahorka, 
A. Skrabal, J. Eggert and L. Pfeffermann, J. Eggert, A. Thiel, G. S. Jamieson, 
W. R. Levinson, T. S. Patterson and W. C. Forsyth, etc. — vid^ 2 . 19 , 12 . 

H. H. Landolt represented the cone, of the sulphurous acid, by and the cone, of 
the iodic acid by Cj, and hence found that the time of the reaction in seconds is 

1 642 ) 2 . R. Hoepke deduced relative values 
for the affinities of various acids from their effects on the time in H. H. Landolt’s 
reaction. According to W. 8. Hendrixson, the oxidation of an acidic soln. of a 
sulphite with iodate involves a slow reaction : lOp'+SSOa"—P+SSO/'; followed 
by a reaction: I08'+6H’+5r— 3 I 2 + 3 H 2 O, which is slow at first, but becomes 
faster as iodine accumulates in the soln.; and an instantaneous reaction: 

3H20=6H‘+6r+3S0/'. T. W. Richards and A. L. Loomis found 
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that the reaction is not accelerated by high frequency sound waves. W. R. Levin¬ 
son discussed the catalytic action of sodium tliiosulphate. W. R. E. Hodgkinson 
and J, Young found dry sulphur dioxide reacts with chlorates* forming sulphates 
with the evolution of chlorine peroxide which at temp, above 60 '^ decomposes with 
a iiash, and the formation of sulphur trioxide. Moist sulphur trioxide acts more 
vigorously than the dried gas, but, in most cases, without the visible liberation of 
chlorine peroxide. Drop]>ing some alcoholic or ethereal soln. of sulphur dioxide on 
to powdered potassium chlorate causes the evolution of white fumes aiul a f-harp 
explosion. W. Eeit and C. Kubierschky found that bromic acid completely oxidizes 
sulphurous acid to sulphuric acid. The action of bromates was studied by 
W. 8. Hendrixson, and he attributed the incompleteness of the reaction in acidic 
soln, to the formation of some dithionate. 

Liquid sulphur dioxide was found by F. SoHtini,‘^^ and F. Friedrichs to dissolve 
a little sulphur. Sulphur dioxide and sul])hurous acid do not r(‘act with sulphur, 
although H. Debus said tliat with sulphurous acid an insignificant amount of penta- 
Ihionic acid is formed ; but A. Colefax found that in darkness at ordinary temp., 
and more rapidly at a liigher temp., then* is formed not ]>entathionic acid, but 
rather dithionic, trithionic, or tetrathionic acid. E. Bellamy found that when tlu* 
sulphites are boiled with sulphurous acid, thiosul])hate and trithionatc are formed. 
The action of hydrogen sulphide on sulphur dioxide has been discussed in con¬ 
nection with the former. J. Stingl and T. Morawsky found that hydrogen sulphide 
d(‘compo8es sulphurous acid, forming pentathionic acid and sulphur, while W. Spring, 
and H. Hertlein noted the formation of sulphur, tetrathionic and dithionic acids— 
vide infray polyt-liionic acids. For the action on sulphuric acid* vide infrUy sulphuric 
acid. H. Ritter observed that with aJk^i sulphides* sulphates are produced ; 
and J. Volhard, that sul])hur, sulphate, and hyposulphite are formed; and 
A.GiKTout, that with the metal sulphides* sulphurous acid does not alter cupric, 
silver, aurous, iiuTCuric, and platinum sulphides; zinc, manganese, and iron 
sulphides are readily dissolved ; while cadmium, tin, arsenic, antimony, bismuth, 
cobalt, and nickel sulphides are sparingly soluble. If the sulphite which is first 
formed is soluble in water, or sulphurous acid, a thiosul]>hate, sulphur, and hydrogen 
sulphide are produced: MS+S02+H20=MS03+H2S; 2H2S+SO2 - ^IIoO+SS; 
and f MSO3 -MSoOs-f 2S. If the sulphide is sparingly soluble, or the resulting 

sulphite is insoluble with lead sulphide—only a little thiosulphate is produced, 

but much sulphite and sulphur are formed. If sulphurous acid be added drop by 
firop to water with manganese sulphide in suspension, so that the acid is never in 
exce.Hs, the reaction is MuS4-S02+H20-~MnS03-(-H2S. W. E. Henderson and 
H. B. Weiser discussed the action of sulphurous acid on the sulphides or iron, 
manganese, and zinc —vide infray zinc thiosulphate— while J. Milbauer and J. Tucek 
found that at temp, between 300 ^^ and SOO\ Ag2S, PbS, HgS, CuS, CdS, Bi2S3, 
A82S3, SbaSa, SnS, NiS, CoS, FeS, MnS, ZnS, cryst. CroSg, AI2S3, BaS, CaS, MgS, 
Na28, all prepared artificially, and pyrites, galena, zincblende, and antimonite, 
sodium sulphide and the alkaline earth sulphides all gave sulphates and sulphur with¬ 
out side-products. Al, Cr, Zii, Mn, Fe, Co, Ni, Cd, and Sn sulphides also gave sul¬ 
phates, but at temp, where the sulphates decomposed with the formation of oxides, 
Sb, Bi, Cu, and Pb sulphides gave sulphates and the metal. Silver sulphide gave only 
the metal. Mercuric sulphide sublimed undecomposed at 300 °- 400 '^. C. W. Hof¬ 
mann observed that sulphur dioxide acts on red-hot calcium sulphide, forming the 
sulphate and sulphur. L. Wohler and co-workers found that sulphur dioxide at 
temp, below lOOO"^ acts on calcium sulphide, forming the sulphate and sulphur, 
but the reaction is soon brought to a standstill owing to the formation of a pro¬ 
tective film of sulphate on the pieces of sulphide. By working at temp, above 
1000 "^, this can be avoided, as the reaction products are lime and sulphur. The low 
temp, reaction can, however, be accelerated by the addition of triferric tetroxide, 
which acts as a catalyst. Zincblende reacts with sulphur dioxide to give the oxide 
and sulphur, but here again the reaction velocity rapidly diminishes owing to the 
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foruiiiUoii uf a protectivo layor of basic sulphide. Both the sulphides of irou reac t 
with sulphur dioxide to give triferric tetroxide and sulphur. The reaction is rapid 
and complete, and is catalytically accelerated by the oxide. E. Divers and 

T. Shiinidzii found that with hydrosulphides, 
thiosulphates are produced, A. C. Schiiltz- 
Sellack observed that licpiid sulphur dioxide is 
miscible with liquid sulphur trioxidey but not 
with sulphuric acid ; F. Friedrichs found that 
1)5 per cent, sulphuric acid has a limited mis* 
cibility at room temp. G. Lunge observed that 
with gaseous sulphur dioxide, the absorption 
cooff. for sulphuric acid of sp. gr. 1-84 is 28 * 8 t) 
at and 28-14 at 17 ^ J. Kolb found that 
cone, sulphuric acid of sp. gr, 1-841 absorb.s 
O tXVJ time's its weight, or 5*8 times its vol. of 
sulphur dioxide, and the sp. gr. is thereby 
n-duced to 1-837 ; the. gas is more soluble in dil. 
sulphuric acid, and this the more dil. the acid. 
Thus : 

8p. gr. . . I-stl I ."►to M07 1-227 1 020 

80.,, grams per gram . 0 000 o-OIl o 02I 0-032 O-OOK 0-135 

SOg, litres per litre . 5 P, S-0 11-2 15-9 29-7 49-0 

For sulphuric acid of greater cone, than 55*1 }>cr cent. H2SO4, at 20^^ and 760 mm., the 
number of grams, N, of sulphur dioxide dissolved by 100 grms. of acid w'as found by 
1). Miles and J. Fenton to be : 



Fio, 51.— The Solubility of Sul¬ 
phur Dioxide 111 Sulphuric Acid. 


H.SO^ . 55-1 74-1 

. .5 13 303 


H4 2 88 1 94-0 

2-88 2-90 3 31 


90 5 98-5 per cent. 

3-83 4-03 


^ minimum with 86-0 per ceut. ILS04--thc hydrate 
H2b04.H20 contains 84-5 per cent. H2S04~~as illustrated by**Fig. 51 . V. Cupr 
also found a minimum at cotic. corres|H>uding with H2SO4.H2O- H(^ added that the 
minimum flattens at 60 to 65 ^. The changes in the absorption are connected with 
the formation and dissociation of a hydrate since no minimum occurs with the 
isotherms for acetic acid, which forms no hydrate in aq. soln. J. T. Dunn found 
for the coeff. of absorption (760 rnin.) of sulphuric acid of sp. gr. 1-84 : 


0^ 

Sp. gr. sat, soLn. — 
Coeff. absorption 53-0 


20“ 30“ 50“ 60 “ str fwe 

1-82,32 1 8225 1-821G 1-8180 1-8165 1-8112 l-KOHO 

35-0 250 18-0 95 7-0 4-5 ^-0 


h. Sestini found that liquid sulplmr dioxide dissolves no sulphuric acid. Soln 
of sulphite are decomposed by sulphuric acid with the evolufion of sulphur dio-tide. 
H. rrinz observed that liquid sulphur dioxide is miscible, with sulphoi monoohloiide, 
)ut no chemical action occurs at 100 “. H. 0 . Schulze found that suiphuryl chloride 
^ssolves 0'323 times its wt., or 187 times its vol. of sulphur dioxide. T. V. van der 
boot studied the f p. curve of mixtures of sulphur dioxide and sulpLuryl chloride— 
f Jig- oO. Sulphur dioxide produces red selenium by its reducing action on 
serous acid, and black tellurium from tellurous acid. The reaction with selenious 
acid 18 discussed m connection with the selenothionic acids. 

3 Dobereiner ^6 observed that amidosuiphonic acid is produced when 

dry sulphur dujxide reacts with dry ammonia; according to E. Divers and M. Ogawa, 
e ry gases do not unite at ordinary temp., but with moist ammonia gas there is 
a viprous ri^ctiou; and with a cold, dry, alcohol-free ethereal soln. of ammonia, 

I '‘“ 1 ® amidosulphopate {g.v.). According to F. Ephraim 

and H. I lof rowsky,three different productsarcohtaiued in thcaction between sulphur 
dioxide and ammonia, (i) with an excess of sulphur dioxide-amidosulphonic acid; 
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and (ii) with an excess of sulphur dioxide, either ammonium aniidosulphonate, or 
imidodisulphinate, NH4.N: (S02.NH4)2. The reaction was also examined by 
M, Ogawa and S. Aoyauia. Sulphurous acid and aq. ammonia produce ammonium 
sulphites (q.v.), F. Raschig observed that with an acidic solu. of hydroxyla.iniiie» 
amidosulphonic acid is formed: NH2OH.HCI4-H2SU3-NH2.HS03+H20"1'11C1. 
C. A. L. de Bruyn, A. P. Sabanceff, and A. W. Speransky found that sulphur 
dioxide reacts with an aq. soln. hydrazilie producing hydrazine 8ulj)hites (q.v.). 
F. Ephraim and H. Piotrowsky found that when sulphur dioxide is slowly passed 
into a soln. of hydrazine in absolute alcohol, white crystals of the hydrazine salt of 
hydrazine disulphinic acid are formed, wz., N2H2(S02.N2n5)2. J. Pelouze noticed 
that 2 vols. of nitric oxide and one voL of sulphur dioxide, confined over water 
for a few hours, form sulphuric acid and one vol. of nitrous oxide; and, added 
P. Weber, the reaction is not complete in 14 days at 22 - 5 ^, G. Lunge found 
that dry nitric oxide does not act on dry sulphur dioxide, but the action is 
very marked in the presence of moisture, and nitrous oxide, but no nitrogen 
is formed. The gases do not react in contact with sulphuric acid of sp. gr. 1 * 45 , 
but there is a contraction owing to the solvent action of the acid; but traces of 
nitrous oxide are formed with an acid of sp. gr. 1 * 32 . If nitric oxide, sulphur dioxide, 
and oxygen act on one another in the presence of water, a trace of nitrous oxide is 
formed. T. L. Bailey said that sulphurous acid slowly reduces nitric^ oxide to 
nitrous oxide in the presence of sulphuric acid of less cone, than 1 * 07 . F. Raschig 
observed the formation of nitrosulphuric acids wdicn nitric oxide is absorbed by 
soln. of sulphites. He also found that in the presence of water nitrogen peroxide 
does not act on sulphur dioxide, but the peroxide reacts with the water, forming 
nitri(’ and nitrous acids, and the latter reacts with the sulphurous acid as indicated 
below. L. H. Friedburg obtained nitroxylsulphuric acid by the action of dry 
sulphur dioxide on a soln, of nitrogen peroxide in carbon disulphide. R. Weber 
reported nitrosylsidphuric acid (q.v.) to be formed by the action of nitrogen peroxide 
on sulphuroiLs acid in the cold ; and nitroxylsulphuric anhydride (q.v.) by passing 
a mixture of sulphur trioxide and nitrogen peroxide through a red-hot tube. 
The reaction was studied by E. Briner and co-workers, G. H. Lunge, W. Manchot 
and H. Schmid, and G. W. 11. Jones and co-workers —nVfc 8 . 49 , 03 , 

R. Weber found that nitrous acid oxidizes sulphurous acid at ordinary temp., 
forming sulphuric acid. If a large proportion of water is present, some nitrous 
oxide is formed ; with a small proportion of water, nitric oxide is produced; this 
is also the case when sulpJiur dioxide is passed into a soln. of nitrous acid in sulphuric 
acid of sp. gr. 1-4—if cone, sulphuric acid is used, the sulphur dioxide is not changed. 
The reactions were studied by F. de la Provostaye— vide sulphuric acid. E. bremy 
found that in the cold, a nitrosulphuric acid—ride 8 . 49 , 62 --i 3 produced when 
sulphurous acid acts on nitrous acid, and when heated, nitric oxide, nitrous oxide, 
and ammonia are formed. F. Kuhlmann added that some nitrogen is produced at 
the same time—A. Claus doubted if the nitrosulphuric acid of E. Frt^my is forineii 
under these conditions ; and F. Raschig questioned if sulphurous acid is oxidized 
directly by nitrous acid ; he assumed that the oxidation occurs through a series 
of interiucdiat-e stages: H0.N0*->N0(HS03)—>H0.N{HS03)2—>II0.NH(HS03) 
->HN{HS03)2“^H2N(HS03). T. L. Bailey found that sulphurous acid in excess 
acts on nitrous acid with the evolution of nitrous oxide, and the production of 
hydroxyamidosulphonic acid, (HO)NH(HS03) ; and with an excess of nitrous acid, 
nitrous oxide is produced, and if sulphuric acid be present, the nitrous oxide is 
progressively replaced by nitric oxide, and no nitrous oxide is formed with an 
acid of sp. gr. 1-225 or more. According R. F. Carpenter and E. Linder, when 
sulphurous and nitrous acids interact in aq. soln. at 15 and within certain 
limits of cone., in the presence of excess of sulphurous acid, reactions proceed 
according to the three following equations: (a) 2NO.OH+2H2SO3—N20-1~2H2S04 
fHjO; (6) N02H + 2 H 2 S 03 = 0H.N(S03H)2 + H20; ( c ) 0H.N(S03H)2H,-H20 
~^0H.NH.S03H+H2S04. When aq. soln. of sulphurous and nitrous acids are 
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mixed, the acid recovered by titration is in every case less than the sum of the 
acidities of the acids taken, whether the titration be performed at once or several 
days after mixing. Nitric oxide gas is not evolved at any period of the reaction. 

E. Fremy, C, E. Claus, E. Berglund, and F. Rascbig studied the formation of salts 

of the nitrosulphiiric acids (q.v.) when sulphites act on nitrites. E. Divers and 
T. Haga said tliat normal sulphites and nitrites do not usually react, but F. Kaschig 
foiuid that there is a feeble reaction: NaN02+3Na2S03+2H20=4Na0H 

~j-N{NaS03)3, and the alkali produced hinders the further progress of the reaction. 

F. Raschig showed that with the hydrosulphites, a series of intermediate reactions 
occurs which results in the formation of nitrilotrisulphonate: N(OH)3 
-^(H0)2N(NaS03)-^(H0)N(Na803)2-»N(NaS03)2; so that the initial and final 
products are : NaN02+3NaHS03~N(NaS03)3-fNaOH-fHgO. 

F. Raschig found that aq. soln. of nitric acid and sulphurous acid do not react at 
ordinary temp., though H. B. Yardley, and A. Smith found that with boiling soln., 
nitric acid may be reduced to nitrogen. According to R. Weber, nitric acid is not so 
readily reduced as nitrous acid by sulphurous acid. If one vol. of nitric acid of 
sp. gr. 1-4 be boiled witli 5 vols. of sulphurous acid, nitric and nitrous acids are 
formed ; with a smaller ]m)portion of water, the evolution of nitric oxide com¬ 
mences .suddenly before boiling occurs. If sul])hur dioxide be })assed into a mixture 
of cone. sul})huric acid with 10 per cent, of nitric acid, and the sat. soln. be allowed 
to stand for 24 hrs., crystals of nitroxysulphuric acid are de|K)sited ; if more siil}>hur 
dioxide be passed into the soln., the liquid becomes dark violet. If sulphur dioxide 
be passed into a mixture of nitric acid with dil. sulphuric acid of s]). gr. at least 1 * 34 , 
nitric oxide is formed ; if sulphuric acid of sp. gr. 1*398 mixed with one-fifth to one- 
sixth its vol. of nitric acid of sp. gr. 1 * 25 , be treated with sulphurous acid, tlie liquid 
becomes deep-green, and the nitric acid is decom[)osed with the evolution of nitric 
oxide. If sulphuric acid of sj). gr. 1 * 44-1 *496 be used, the mixture becomes blue ; 
if the sulphuric acid has a sp. gr. i* 53 , the mixture becomes grass-green or yelhnvish- 
greeii; if of sp. gr. 1 * 63 , yellow ; and if of greater sp. gr., colourless. Dil. nitrici 
acid not affected by sulphurous acid is decomposed if it be dissolved in sulphuric 
acid. If liquid sulphur dioxide be drop|>ed into hydrated nitric acid, red fumes 
are given off and nitroxylsuiphuric acid is formed ; the excess of sulphurous acid 
passes off, and a violet mass of coloured sulphuric acid remains. Nitric acid decom¬ 
poses sulphites with the evolution of sulphur dioxide. W. R. E. Hodgkinson and 
J. Young observed that the exposure of nitrates to dry sulphur dioxide results in 
their complete conversion into sulphates w'ith the evolution of nitrous fumes. The 
reaction is accompanied by a rise of temp, whicli occasions an explosion if the 
treatment is applied to gunpowder. 

According to A. Vogel,if a piece of phosphorus be kept for some weeks under 
sulphurous acid, it acquires a pale-yellow crust. F. Friedrichs observed that 
yellow phosphorus is scarcely soluble in liquid sulphur dioxide ; and that red phos¬ 
phorus is very slightly soluble. When sulphurous acid and phosphorus are heated 
111 a sealed tube to 200 ®, A. Oppenheim found that hydrogen sulphide is produced : 
H2S03-f 3H20-f-2P=2H3P03-f-H2S. F. Sestini observed that liquid sulphur dioxide 
dissolves a little phosphorus. Sulphurous acid and sulphur dioxide gas decompose 
phosphine* and A. Cavazzi said that at 60 ^- 70 ®, the reaction progresses: 
PH3+2H2S03~H3P04“f 2H2O+2S; and if finely divided mercury be present, 
PH3~f-H2803+Hg==H3P02+H20-f HgS. According to P. Kremers, and H. Scliiff, 
phosphorus pentachloride reacts with the gas: SOa+PCl^-^-POCls-f SOCI2; 
A. Michaelis observed that when the gas mixed with phosphorus trichloride is passed 
through a red-hot tube, there is a reaction: 3PCI3+SO2—P8CI3+2POCI3, and 
some sulphur is simultaneously formed; while L. Carius found that anhydrous 
sulphites react with phosphoryl chloride* producing thionyl chloride. E. Divers 
represented the reaction: POCla-f-SNagSOa-SNaCl-f Na3P04-i-3S02. C.F.Schdn- 
bein observed that phosphorous acid forms with sulphurous acid a liquid which 
quickly decolorizes a soln. of indigo. F. Wohler showed that when sulphurous 
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acid is warmed with phosphorous acid, hydrogen sulphide and phosphoric acid are 
formed : 3Il3P03+H2S03=3H3P04+H2S ; and the hydrogen sulphide reacts with 
the remaining sulphurous acid, forming water, sulphur, and dithionic acid. The 
reaction is usually represented 2H3P03-+S02~2H3P04+S ; and it was studied by 
A. L. Ponndorf, L. Maquenne, and A. Cavazzi. A. L. Ponndorf also showed that 
sulphur dioxide is deoxidized by hypophosphorous acid ; and A. Michaelis and 
J. AnanofT, by phosphenylous acid. Soln. of the sulphites are decomposed by phos¬ 
phoric acid with the evolution of sulphur dioxide ; similarly also with arsenic acid. 
For the reduction of arsenates and arsenic acid» vide these compounds. J. Uhl 
said that when arsenic or antimony is heated in sulphur dioxide gas, the sulphide 
and oxide are formed ; H. SchifE reported the sulphide alone. E. Uonath found 
that while stannous chloride is oxidized to stannic chloride in a strongly acidified 
soln., arsenic trichloride and antimony trichloride are not affected, and he applied 
the facts to tlic separation of tin from antimony and arsenic. J. A. Smythe and 
W. Wardlaw also failed to detect any evidence of reaction with arsenic and antimony 
trichlorides and sulphur dioxide under these conditions. When a slow current of 
sulphur dioxide is passed through a hot strongly acid soln. of tin, arsenic, or 
antimony chloride, arsenious and antimonious sulphides are precipitated, and the 
tin is not jirecipitatcd—this reaction was employed by N. Fedoroff for separating 
arsenic, antimony, bismuth, copper, and platinum sulphides from tin. 

According to N. T. do Saussure,^^ 1*57 grins, or one c.c. of wood-charcoal absorbs, 
as a maximum, 05 c.c. of sulphur dioxide ; R. M. Winter and H. B. Baker found that 
wood-charcoal which liad been heated for 4 hrs. at 900 *^ absorbed 97 c.c. of sulphur 
dioxide per gram ; if heated 40 hrs., 195 c.c. were absorbed ; if heated 42 | hrs., 
241 c.c. wer(‘ absorbed ; and if heated 45 J hrs., 288 c.c. were absorbed. At the 
same tinuithe sp. gr. of the charcoal rose from 1*76 to 1 * 84 . A. M. Williams measured 
t isotherm at —10"^ for the effect of press, on the absorption of sulphur dioxide by 
blood chan oul. The heat of absorption at constant vol. varies with the degree of 
absorption, and it is said to show maximum and minimum values. M. Polanyi 
and K. W(‘lke, 1 ). O. Shiels, (). Ruff and G. Rosner, A. H. Coolidge, and F. A. Hen- 
glein and M. Grzciikowsky studied the adsorption of sulphur dioxide by charcoal. 
P. A. Favre said that 165 c.c. of the gas are absorbed ; and P. Chappuis, P. A. Favre, 
and S. J. Gregg investigated the heat of absorption— vide supra ; H. Kayser found 
that the quantity of gas condensed by one c.c. of boxwood charcoal at mm. press., 
and 19 ^ is 42 * 614-1 M 33 log p. A. G. R, Whitehouse gave 0 * 359 - 4)*627 cal. for the 
heat of absorption per c.c. by charcoal. For wetting a gram of carbon, 0*204 c.c. of 
liquid sulphur dioxide is necessary. A. Reychler found that the absorption of the 
gas by uncalcined charcoal is complicated by the liberation of carbon dioxide and 
sometimes water vapour. When sulphur dioxide is passed over red-hot carbon» 
carbon,dioxide and sulphur are produced. A. Eiloart also examined the reaction 
qualitatively ; M. Berthelot said that carbon monoidde, carbonyl sulphide, carbon 
disulphide, and free sulphur arc produced ; and A. Scheurer-Kestner represented 
the reaction at a white-heat: 2 S 02 + 3 C= 2 C 0 -f 002 + 28 ; and B. Lepsius; 
802 + 20 = 8 + 200 . T. J. Drakeley found that sulphur dioxide passed over heated 
coal forms hydrogen sulphide. B. Rassow and K. Hoffmann observed the formation 
of carbon disulphide— vide 6. 39 , 40 . M. Berthelot passed a mixture of sulphur 
and carbon monoxide through a red-hot tube and observed the formation of carbon 
dioxide and sulphur. E. Hanisch and M. Schroder represented the reaction 
802 + 200 = 2002 + 8 ; W. Smith and W. B. Hart found that the presence of 
moisture favoured the reaction. P. Wiuternitz, and J. B, Ferguson studied the 
equilibrium conditions of the reaction: 00 + |S02~C02+J82. The latter observed 
that between 1000^ and 1200°, using broken porcelain or platinized porcelain as a 
contact catalyst, the values of K in [C02][S2j^'^^r[COISO]J could be represented 
by log Jir= 5659 r-"i -0 r >916 log T-|- 0 * 00030 r- 0*073472- 0 872 , whore T denotes 
absolute temp. The calculated values of log K arc 1*75 at 1000 ° ; 1*43 at 1100 °; 
M 5 at 1200 °; 0*90 at 1300 ° ; 0*69 at 1400 ° ; and 0*50 at 1500 °. The calculated 
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proportion of carbonyl sulphide formed by the reaction CO+iS^^COS did not 
exceed 1*5 per cent., and was usually too small to determine. The thermal 
value of the reaction 00+JSOo- -062+^82 is— 25915+1 * 375 T log J— 0 *(X) 14 T^ 
^-0•06l55 or, at 25 °, — 22,510 cals. M. Berthelot found that at a red- 

heat sulphur dioxide reacts with carbon dioxide, forming carbon monoxide, and 
carbonyl sulphide ; when the mixture of gases is sparked, carbon monoxide and 
sulphur trioxide are formed as a consequence of the reaction CO2— 00 + 0 . Tin' 
sulphites are not decomposed by carbonic acid. F. Sestini found that liquid 
sulphur dioxide dissolves carbon ^sulphide, and the liquid is soluble in 3 vols. of 
carbon disulphide on warming, but separates out again on cooling. J. E. Lewis 
studied the viscosity of soln. of sulphur dioxide in carbon disulphide. I). Vorlander 
found that the action of cyanogen on sulpliurous acid is similar to that of 
the halopms, but occurs more slowly; r2N2-| H2S03+H20”2HCN+H2S04, 
with equivalent quantities in 0*1 to 0*2 jK'r cent, soln., the amounts of cyanogen 
reduced and of suljduirous acid oxidized are initially equivalent. With a large 
excess of cyanogen, 91 per cent, of the sulphurous acid is oxidized after four to five 
days, but ^luui the acids are in excess, only 23 per cent, of the cyanogen is reduced 
in seven to eight days. 

Siil])hur dioxide is more soluble in ethyl alcohol than it is in water. According 
to N. T. de Saussure, 1()0 vols. of alcohol of sp. gr. 0*84 absorb at 760 mm. press., 
11-577 vols. of sulphur dioxide at 17 °. L. Carius found that one vol. of a sat. soln. 
of the gas in alcohol dissolves the following vols. of sulphur dioxide gas : 

0* 6 “ 10’ 15 ’ 20 ’ 25 ’ 

Vols, SO2 . 2 ia -40 175-30 142*22 115*78 96*44 84-20 

or one vol. of alcohol at 760 mm. and at 0 ° dissolves 328 * 62 — 19 - 650 +O- 3119 d 2 
vols. of sulphur dioxide, for the sp. gr. of the soln., and F. Isambert’s measure¬ 
ments of its compressibility, vide supra When a dil. alcoholic soln. of sulphur 
dioxide in alcohol is heated in a sealed tube, H. Endernann represented the 
reaction: 4SO2-I-4C2H5OH—C2H5^H+3(C2Hr>0.S02.0H); with cone, soln., the 
reaction progresses in stages; C0H5OH+SO2—C2H5.8O2OH ; C2H5.SO2OH+3SO2 
-C2H5SH+3SO3; 3S03+3C2H50H-:3(H0.S02.0e2H5) ; and 3(C2H60.HS03) 
+3C2H5OH-—3110804+3(02115)20. 8. Pagliani observed that some monoclinic 

sulphur separates as the mixture cools ; and M. Berthelot, that if the alcoholic soln. 
is kept for some time, crystals of sulphur and CH3CO.H are formed. W. F. Soyer 
and R. W. Ball studied the f.p. of binary mixtures of liquid sulphur dioxide and 
cetyl alcohol. C, A. L, de Bruyn gave for ethyl alcohol and methyl alcohol at 
760 mm. expressed in grams of sulphur dioxide per 100 grms. of soln.: 

0 ’ 7 ’ 12 - 8 ’ 18 - 2 ’ 26 0 ’ 

C2H5OH . , 53-5 450 39*9 32*8 24-4 

CH3OH . . 71 -J 69-9 52*5 44-0 31-7 

B. 8. Neuhausen studied the solubility of sulphur dioxide in methyl and ethyl 
alcohols. C 4 . Baume and 6. P. Pamfil studied the f.p. of the system methyl alcohol 
and sulphur dioxide, Fig. 50 , and found that the curve has three eutectics at 
—88°, — 91 * 5 °, and — 106 ° resjmctively; and two maxima, one at — 71 ° corre- ^ 
spending with CH3OH.SO2, and one at — 81 ° corresponding with 2CH80H.S02. 
A. M. Wasilieli made some observations on this subject. F. Sestini found that liquid 
sulphur dioxide dissolves ether, forming a yellow soln. J. E. Lewis studied the 
viscosity of soln. of sulphur dioxide in ether. G. Baume studied the f.p. of 
the system: methyl eth^ and sulphur dioxide, Fig. 50 ; there is a maximum 
at — 91 * 5 ° corresponding with (CH3)20,S02 between the eutectics at — 109 ° and 
— 144 °. A. M. Wasilieli made some observations on this subject. F. Sestini found 
that liquid sulphur dioxide dissolves chloroform. J. Linder gave the solubility, 
of the gas in grams of sulphur dioxide per KKl c.r. of sat. chloroform soln. at 
different jiress., p min.: 
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_0^_ 25® 

p . 2-7 5*0 22*0 90*2 219*6 5*7 12*9 48*8 200*2 488 8 

00701 0*01790 0*6982 :{*097 8*217 0*0669 0 17J2 0*6728 2*951 7*839 

J. McCrac and W. E. Wilson found that the partition coeff. of sulphur dioxide 
between water and chloroform, at 20'^, varies with the cone, from 1*56 at a cone, 
of 0*055 gram-eq. ]jer litre in the aq. phase to about 0*9 when the cone, is 1*038 
grani-eq. The partition-coeff. is, however, not directly proportional to the cone. 
The addition of hydrochloric acid diminishes thepartition-coefT.,and this is in agree¬ 
ment with the view' that the inconstancy of the distribution ratio is due to the 
varying degree of t he ionizal ion of t lie sulphurous acid. P. A. Rond and H. T. Reach 
studied tlie binary system : carbon tetrachloride and liquid sulphur dioxide. The 
results are summarize<l in Fig. 52 The critical soln. temp, is at - and botli 

li(|uid'-? are sinlile ])hases down to - ' 15 '^. d. Horiuehi gave 12*49 for tlie 
solubility of sulplnir dioxide m caibon letraeh]f>ride at 40 . R. de Forerand and 
S. Thomas obtained a mixed liydrate of carbon tetrachloride and sulphur dioxide, 
d. F. Lewis studied tlie viscosity <d soln. of sulphur dioxide in carbon tetrachloride, 
n. Bunte described the eom]>ound of suljduirous acid with acetaldehyde — viz. 
(Tl3.0H(OH).().HS()i. W. Kerp studied the comjiounds with acetaldehyde, 
formaldehyde, benzaldehyde, and acetone, d. K Lewis studied the viscosity of 



lOo. 52. The Binnr> I'lo. 53.—Tho Binary lOo. 54. -The Binary 
S\hU*m: HOj-CCb.* is>.slcm: SOj-SnCb. System: SOa-SuBr*. 


soln. of sulphur dioxide in acetone. C. Bertagnini, and F. Heusler studied the 
action on cinnamaidehyde ; F. Tiemann, on cinnamaldehyde, citronellal, and 
citral ; and E. Knoevenagel, and E. Hagglund and A. Ringbom, on various un- 
saturated organic compounds —cinnamaldehyde, dimethylcyclohexane, carvone, 
ethyl ethylideneacetoacetate, phorone, allylacetone, benzylideneacetophenone, 
piperonylideneactone, etc. H. 0 . Schluze found that at 0°, and 725 mm,, acetone 
dissolves 2*07 times its wt. or 589 times its vol. of sulphur dioxide, and there is 
formed a complex : 


CH3- 



o 

6 * 


G. iichmitt said that a soln. of sulidiur dioxide in acetone has great solvent power 
for unsaturated organic compounds and resinous substances. H, O. Schulze showed 
that formic acid dissolves 0*821 times its weight, or 351 vols. of the gas. S. J. Lloyd 
found that at -~5"’, O'", 10 ^ and 30 '\ acetic anhydride dissolves respectively 196 , 
148 , 122 , and f»0 grms. of SO2 per litre. J. Papish observed that sulphur dioxide is 
reduced by meth^e at elevated temp.—r/rfe supra, sulphur. F. Sestini observed 
1 hat liquid suljiliur dioxide dissolves benzene when warmed. E. B. Evans and co- 
work(*T8 studied the action of alkali sulphites on asymmetric halogen compounds of 
the type C’lIR,RnX. S. J. Lloyd found that with benzene at 30 ^ 40 ", 50 ^ and 60 ^^ 
resivVtivoly 127 - 5 , 82 - 9 , 60 * 3 , and 31 grms. of anlphnr dioxide wore dissolved per 
litre of benz<’ne ; with nitrobcmzcne, the correspoiKiing data at 15 "\ 25 ^ 10 \ and 60 ’ 
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were respectively 311*4, 227*9,132, and 78*6 ; with toluene, at 20*^, 30®, 40®, and 60®, 
rospeetively 217*5, 124*4, 93*6, and 54*7 ; and with o-nitrotoluene, at 15®, 25®, 40®, 
and 60® respectively 290*8, 192*2, 118*5, and 68 * 8 . W. P. Seyer and V. Dunbar 
found that on the equilibrium diagram of liqui<l sulphur dioxide and cyclohexane 
there is a transition point at —17*0°, corresponding with the maximum solubility 
of sulphur dioxide in eyefohexane, and of a eutectic point at ™-72*5®, at which temp, 
the solubility of cycZohexaiie in liquid sulphur dioxide is very small. Al)ov<*, 13*6®, 
the liquids are miscible in all proportions. There is no evidence of the formation 
of compounds of the two substances, as suggested by R. J. Moore and co-workers. 
The action of sulphur dioxide on c^c/ohexanone and on methylc 7 /c/ohexanone was 
studied by G. Weissenberger and L. Piatti—both substances readily absorb the gas 
and gives of! nearly all of it at 80®. If some trioxide be present, the solvents are 
sulphonated. W. F. Seyer and A. F. Gill found that the critical soln. temp, with 
liquid sulphur dioxide and ^-hexane is 10 * 1 ® ; the f.p. of sulphur dioxide is lowered 
from —72*8® to —73*5®, and the solubility curve is similar to that for c?/ch>hcxano. 
It is not possible to separate naphthalenes from paraffins by liquid sulphur dioxide. 
W. F. Seyer and J, L. Huggot found the critical soln. temp, with cctcnc or 
hexadecene is 42*7® ; and W. F. Sevier and A. F. Gallaugher found that mixtures 
with n<OCtane showed no sign of the formation of a compound. Under 
ordinary conditions the diolefines are solubh* and the mono-oleflncs are 
insoluble in liquid sulphur dioxide. E. Hagglund and A. Ringbom studied the 
action of sulphites on unsaturated organic compounds. R. J. Moore and co¬ 
workers found benzene, toluene, xylene, mesitylene, and olefines were miscible 
in liqmd sulphur dioxide in all proportions; paraffins up to decane were practically 
insoluble ; and naphthalene showed a limited miscibility. J. E. Lewis studied the 
viscosity of soln. of sulphur dioxide in benzene, toluene, xylene, and heptane. 
P, Walden found that liquid sulphur dioxide dissolves ammonium thiocyanate, and 
the methylammonium (borides and bromides — e.g. (CH 3 )NH 30 l; (CH 3 )jiNH 2 Cl; 
(CH 3 ) 3 NHCI ; (CH 3 ) 4 NC 1 ; and {CH 3 ) 4 NBr—forming colourless soln.; methyl* 
snlphonium iodide, methylammonium and ethylammonium iodides— (CH 3 ) 381 ; 
(CH 3 ) 4 NI ; and (C 2 H 5 ) 4 NI—forming yellow soln.; carbonyl thiocyanate, forming 
a blue soln. 8. Smiles and R. le Rossignol, C Friedel and J. M. Crafts, E. Knoeve- 
nagel and J. Kenner, and C. E. Colby and C. S. Loughlin studied the chemical 
action of sulphur dioxide on benzene. Many other organic substances are soluble in 
the liquid. J. A. Sraythe and A. Forster showed that sulphu..‘ dioxide can oxidize 
the mercaptans: S 02 + 4 (CflH 5 .CH 2 . 8 H)- 2 H 20 +(CeH 5 .CH 2 ) 2 S 2 +J[CcH 5 .CH 2 ) 2 S 3 . 
For complexes with the thiocyanate, vide supra, the iodides. A. Etard obtained 
crystals of potassium snlphn^cyanide, KCy.SO 2 .H 2 O, by the action of sulphur 
dioxide on a cold 40 per cent, soln, of potassium cyanide. The mother-liquor, 
when sat. wuth sulphur dioxide yields the complex potassium sulphnryl hydro- 
sulphitocyanide, KCy.KHSO 3 .SO 2 . H. 0. Schulze, and A. Bineau observed that 
camphor absorbs sulphur dioxide gas—the former said that, at 0® and 725 mm., it 
absorbs 0*880 part by wt. or 308 parts by vol. of the gas. I. Bellucci and L. Grassi 
studied the system : camphor-sulphur dioxide. A. Reychler said that the absorp¬ 
tion of sulphur dioxide by camphor, and by caoutchouc shows a phenomenon similar 
to that presented by liquids with respect to Henry's law. At 18*5®, Ci/( 72 ”= 25*8, 
where Ci and denote the number of mols of sulphur dioxide respectively in a 
kilogram of caoutchouc and in a litre of gas.- The heat of absorption by black 
caoutchouc was found by P. Chappuis to be 0*000256 to 0*000245 Cals, per c.c. of 
gas. A. Reychler represented the adsorption of sulphur dioxide by fat-free w<xd 
by Cx^O-SS-f 4 * 7 C 2 . W. Kerp said that the sulphur dioxide present in fruit juices 
and dried fruits, preserved with this substance, is in organic combination, and 
is gradually liberated when the aq. extract is acidified. This gradual liberation of 
the sulphur dioxide is also exhibited by soln. of sugars containing sulphur dioxide 
and also by the compound of acetaldehyde and sulphurous acid. This latter 
compound is also contained in wines treated with sulphur dioxide. In aq. soln. it 
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is partially hydrolyzed, forming sulphurous acid and aldehyde, but even in very 
dil. soln, the amount of decomposition is extremely small. The velocity of com¬ 
bination of sulphurous acid and aldehyde depends on the cone, of the soln. In 
fermented wines which have had only a moderate treatment with sulphur, the 
combined sulphhr dioxide is contained in the form of the acetaldehyde coinpcmnd, 
but in sulphurated musts and strongly sulphurated sweet wines the excess of 
sulphur dioxide must be assumed to be in combination with dextrose and Isevulose. 
Since the latter compounds are more readily hydrolyzed in aq. soln., it follows that 
in certain cases the sulphurous acid contained in must cannot be regarded pharmaco¬ 
logically as identical with that contained in wine. H. Bueberer studied the action 
of the sulxihites on wood, and he found that with tanning niaterialB, sulphites can 
act as sulphonating agents without being reduced; sodium hydrosulphite unites 
with resorcinol, but not with trihydroxytenasene derivatives. F. Sestini observed 
that resin dissolves in liquid sulphur dioxide ; G. de Bruin, that sulphur dioxide 
forms a comxjound with isoprene ; A. Korezynsky and M. Glebocka, with amines ; 
Ij. Marino and A. Toninelli, with piperidine ; F. Ephraim and C. Aellig, with the 
alkali salts of the fatty acids from formic to valeric acid, and with the benzoates; 
W. Strecker, and B. Oddo studied the action of sulphur dioxide on the magnesium 
alkyl halides ; and W. Kerp, on dextrose ; J. M. van der Zanden studied the 
velocity of the addition of sulphites to maleic and lumaric acids. W. Zimmermann, 
and E. Hagglund and A. Ringbom studied the action of sulphites on a number of 
organic compounds ; and K. Durrschnabel, on organic dyes. 

F. dt3 Carli obtained tJie following values for the solubilities of various organic com¬ 
pounds in liquid sulphur dioxide, where s.s. means sparingly soluble ; n.s., insoluble ; and 

m. , miscible. Benzene^ m., colourless ; toluene, m., colourless ; ethyl benzene, m., colour- 
loss ; nitrobenzene, 50 i)er cent., yellow ; cumene, rn., yellow ; propylhenzene, m., yellow ; 
m-xyhne, rn., colourless ; dinitrobenzene, 61 per cent., yellow ; p-mtrochlorobenzene, 38 per 
cent., yellow ; ■p-dibrornohetkzene, s.s., colourless ; o-nitrobenzene, 85 per cent., orange ; 
citnene, m., yellow' ; tnctiilylene, m., yellow-orange ; dinUrotoluene, 40 per cent., yellow ; 
peeudocurnene, ra., yellow-oiunge; butylbenzene (tert.), m., yellow; hejcachlorobenzene, 

n. 8. ; m-dijnethylcyclohcxanc, s.s., colourless ; naphthalene, 23 per cent., yellow ; a-nilro- 
naphthalene, s.s., yellow ; tetrahydronaphthalenc, m., yellow ; decahydronaphthalcne, n.s.; 
Jlvorene, 24 fror cent., yellow ; anthracene, s.s., yellow; phenanthrene, 23 per cent., yellow; 
dtbenzil, 28 f>er cent., yellow ; stiUbenc, s.s., yellow ; diphenylmethene, in,, yeUow ; tri- 
phenylmeihene, 10 per cent., red; acetanaphthene, 13 per cent., yellow ; benzyl alcohol, m., 
colourless ; vu!nthol, 27 f>er cent., colourless ; benzoic aldehyde, m., colourless ; salicylic 
aldehyde, m., yellow ; antrsic aldeliyde, m,, yellow ; cinnamic aldehyde, m., red ; cuininic 
aldehyde, m., yellow ; acelopherwne, m., yellow ; benzylacetone, 43 per cent., yellow; phenic 
acid, 28 per cent., yellow ; benzoic acid, s.s., colourless ; salicylic acid, n.s. ; o-nitrobenzoic 
acid, n.s. ; sulphanilic acid, ii.a. ; phihalic acid, n.s. ; picric acid, 38 par cent., yellow ; 
tctrachlorophthcUicacid, n.s.; cinnamic acid, s.s.; benzyl acetate, m,, yellow; amyl salicylate, in., 
yellow ; ethyl cinnamatc, in., colourless ; bcnzvnitrite, m., yellow ; benzamide, 17 cent., 
colourless ; p-toluidinc, s.s., yellow ; o-nitraniline, s.s., orange ; acetanilide, 2G per cent., 
yellow ; p nttroanilUh, 15 per cent., yellow ; benzilidenaniline, 63 per cent., red ; camphor 
bromide, 16 per cent., colourless ; %nnene, s.s., yellow’; carvene, m., yellow ; dimethylpyrone, 
n.s.; phenylpyrrole, 15 per cent., yellow; carbazolc, 3 per cent., yellow ; acridine, s.s., 
yellow; thiwiiphenylaminc, 21 perc'ent., red; antipyrine, s.s., yellow; amylene, n.s.; caprylene, 
8.8., yellow ; hexadecilenc, n.s. ; malic acid, insoluble ; maleic acid, n.s. ; fumaric acid, n.s.; 
oleic acid, n.s, ; palmitic acid, n.s. ; stearic acid, n.s. ; aconitic acid, n.s. ; thiourea, s.s., 
yellow ; guanidinium carbonate, n.s. 

H. Lotz studied the effect of the gas on various silicates. According to 

P. Chappuis, asbestos and pumice-stone show no marked tendency to adsorb sulphur 
dioxide ; the heat of adsorption by meerschaum is 0*000461 to 0*000253 Cal. per c.c. 
The first portions of gas adsorbed evolve more heat than the later portions.- 
J. McGavack and W. A. Patrick found the adsorption of sulphur dioxide by the 
hydrogel of silicio add can be represented by a modification of the ordinary adsorp¬ 
tion equation. W. A. Patrick and C, E. Greider showed that the heat of adsorption, 

Q, of sulphur dioxide by silica gel can be represented by Q= 0 * 316 A^‘®<^^, where 
X denotes the number of milligrams of sulphur dioxide adsorbed per gram of gel. 

VOL. X. Q 
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ior saturation, Xi=^525 mgnns., and 69*1 cals. The net heat of adsorption is 
21*2 caR The subject was studied bv E. Bosshard and E. Jaag. 0. Schumann, 
and E. Kayser observed that sulpliur dioxide is absorbed by glass, and P. Chappuis 
observed that 1 sq. mm. of glass surface, at ordinary press., by warming from 0*^ 
to 180°, absorbs 0-00058 c.mm. of the gas ; and A. Faber showed that glasses and 
glazes adsorb sulphur dioxide from flame gases. Similarly also with firebricks. 
M. H. Evans and H. J. George, and IJ. 11. Bangham and F. P. Burt studied the 
adsorption of sulphur dioxide by glass, and showed that the adsorbed sulphur 
dioxide cannot be removed from glass-wool. M. Crespi and E. Moles estimated 
that the walls of a litre flask at 760 mm. press, adsorb 0-00040 grm. of sulphur 
dioxide, and this is about 0-(XX)13 of the weight of a litre of gas. A. Portevin 
found that sulphurous gases, even when dil., attack basic rocks and glasses super¬ 
ficially at 900° with the formation of a water-soluble dej)osit consisting principallv 
of sodium sulphate wdth traces of calcium, potassium, and magne.sium sulphates. 
The dissolution of such deposits in warm springs during the early post-volcanic 
period is a ])robable explanation of the origin of alkaline sulphated thermal waters. 

S. Klosky and A. J. Burggrafi, and S. Klosky and L. P. L. Woo, studied the ab¬ 
sorption of sulphur dioxide by titania. Sulphurous acid and the hydrosulphites were 
found by E. Knecht to give with titanoos salts soln. an orange or brown coloured 
liquid containing hyposulphurous acid. p]. Knecht showed that sulphurous acid is 
also reduced by titanous chloride to sulphur, and J. A. Sinythe and W, Wardlaw 
found that hydrogen sulphide is freely evolved when sulphur dioxide is passed into 
u warm strongly acid soln. of titanous chloride. The sulphur is produced by a 
secondary reaction between hydrogen sulphide and sulphur dioxide. The beginning 
and end stages are thus represented: aSO^-f 12TiCl3+]2HCl--12TiCl4-f CHgO+SS. 
P. A. Bond and H. T. Beach have made some observations on the system : titanium 
tetrachloride and liquid sulphur dioxide. The critical soln. temp, occurs at 11-9° 
with 55-80 per cent, of the tetrachloride; the results with tin tetrachloride arc 
summarized in Fig. 53 ; there is a metastable liquid binary system below the solid- 
liquid solubility curve ; and the results with tin tetrabromide arc summarized in 
Fig. 54. Stable two-liquid systi'ms could not be obtained with less than 20 per cent, 
tin tetrabromide, but metastablc systems were followed as far as about 35°. At 
temp, below 14°, the solubility of tin tetrabromide was so slight that the eutectic 
could not be located. A hot soln. of stannous chloride was found by B. Pelletier, 

J. Girardin, E. Hering, E. Donath, N. Fedoroff, and H. W. F. Wackenroder, to reduce 
sulphurous acid to hydrogen sulphide and brown stannous sulphide is formed. 
M. M, P. Muir observed that when sulphurous acid is boiled with stannous chloride, 
sulphur and stannic chloride are produced, indicating that the sulphurous 
acid can act as an oxidizing agent. E. Divers represented the reaction: 28nCL 
+S 02 =S+ 2 Sn 0 Cl 2 ; and 2 Sn 0 a 2 -f 4 HCl- 2 SnCl 4 -+- 2 H 20 . The oxidation of 
stannous chloride by sulphur dioxide in the presence of cone, hydrochloride acid 
was shown by W. Wardlaw, and J. A. Smythe and W. Wardlaw to proceed 
quantitatively: aSnClg+SOg-j 6 HCl=- 3 SnCl 4 + 2 H 20 +H 2 *S. R. G. Durrant 
showed that the action varies with the proportion of stannous chloride, sulphurous 
acid, hydrochloric acid, and water in the soln,; when the hydrochloric acid is in 
excess, the reaction is bimolecular. For complete oxidation, the molar ratios 
8 nCl 2 • H 2 SO 3 : HCl must be approximately 3 : 1-55: 6 ; higher proportions of 
sulphurous and hydrochloric acids accelerate the oxidation. If the hydrochloric 
acid be not in excess, the reaction is slow and incomplete. The main reaction is 
3SnCl2+6HCl+H2S03=38nCl4-f 3 H 2 O+H 2 S; and the subsidiary reaction 
2 H 28 -f-H 2 S 02 = 3 H 20 -f- 3 S is next in importance; the reaction 2 H 2 S-pSnCl 4 
= 4 HCl-f- 8 n 82 is manifest only with high cone, of hydrochloric acid; in the earlier 
stages when the proportion of sulphurous acid is low, there may be produced 
stannous sulphide (colloidal): H 2 S-pSna 2 = 2 Ha-fSnS; and there may be a 
slight reduction of stannic chloride, SnCl 4 +H 2 S 08 +H 20 =SnCl 2 + 2 Ha+H 2 S 04 . 

S. W. Young showed that complexes of hydrochloric acid and BtannouB chloride 
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affect the rate of oxidation, E. 8. Leaver and E, V. Thurston studied the reaction 
2FeS04+S02+02=Fe2{S04)3. Sulphites are not decomposed by boric acid. 

U. R. Evans discussed the corrosive action of sulphur dioxide produced by the 
combustion of coal gas, E. Kayser, and P. Rontgen and G. Schwietzke observed 
the adsorption of sulphur dioxide gas by the metals — brass, and iron ; and 
P. Chappuis showed that platinum-black adsorbs 1*68 c.c. of the gas per gram; 
and 0‘00527 Cal, of heat is given off. According to A. Lange, purified and 
thoroughly dried liquid sulphur dioxide is without action on iron at about 100 ® ; 
the commercial liquid attacks iron over 70®, 2Fe-f tkS 02 ~FeS 03 ^Fe)S 203 . 
According to H. Schiff, and H. Buff and A. W. Hofmann, many metals b(*c'om(i 
incandescent when heated in sulphur dioxide gas, forming oxide and sulphide ; 
potassium forms some thiosulphate. J. A. Smythe and W. Wardlaw say that 
calcium burns brilliantly in the gas. J. Uhl said that copper reacts 3Cu+2802 
—CuS 04 ^-Cu 28 , and there is also formed a wliite sublimate ; silver behaves like 
copper, forming also a little sulphur trioxide ; gold forms some sulphur and sulphur 
trioxide without the metal being attacked. A. Sieverts studied the solubility of 
sulphur dioxide in copper. Magnesium reacts with incandescence, forming 
sulphide, sulphite, and sulphate ; there is a small action resulting in the formation 
of sulphide in the case of zinc, aluminium, cobalt, and mckel; cadniiuin ]>ehaves 
like copper; 7ru*rc\iry and bismuth are not attacked. P. Neogi and R. C. Bhatta- 
charyya observed that sulphites are not attacked by ^yiagnesium amdganu 
S. Hilpert and E. Colver-Glauert found that sulphurous acid (1 : 25) reacts with iron 
coating a polished face with a layer of sulphide ; cementite is not attack(*cl. Hence, 
they propose to use this liquid as an etching reagent for developing ilw structure of 
iron and steel. A. Guntz observed that pyrophoric manganc.'^c absor]»s the gas 
with incandescence : 3 Mn+S 02 “MnS4-2MnO+82*2 Cals. W. R. E. Hodgkinson 
and F. K. S, Lowndes observed that with platinum palladium there is a reaction : 
Pd+ 3 S 02 —PdS+ 2 S 03 \ red-hot platinum does not attack the gas. This 

agrees with J. Uhl's observation. D, 0. Shiels studied the adsorption of sulphur 
dioxide by finely divided platinum. The observations of H. Rislor-Beimat, 
A. Harpf, E. Mitscherlich, P. Schiitzenberger, and others on the action of the metals 
on sulphurous acid have been discu.ssed previously in connection with the preparation 
of hyposulphurous acid, and also in connection with thiosulphuric and pentathionic 
acids {q.v,). C. Geitner observed that besides the acids just indicatcHl sulphides and 
sulphur w'ere formed with zinc, and cadmium ; and M. J. Fordos and A. Gelis made 
a similar observation with respect to tin, iron, cobalt, and yiickel ; with lead, 
rb+ 6 S 02 “PbS-f-S+ 4 S 03 , P. Schweitzer showed that with zinc, sulphur, 
thiosulphuric and trithionic acids, and zinc sulphite are formed ; wdiile cadmium, 
and nickel give at first sulphite, thiosulphate, and sulphur, and after standing a 
longer time, sulphide and sulphate ; sodium, nuiqncsium, and aluminium furnish 
hydrogen, sulphite, thiosulphite, sulphate, and trithionate. M. Berthelot observed 
that nickel and cadmium form the metal sulphide and a soluble salt; lead is 
blackened, but not much attacked ; while mercury suffers no change. The observa¬ 
tions of S. U. Pickering, C. Geitner, L. P. de St. Gilles, M. Berthelot, H. Rdssler, 
G. Bredig, H. Reinsch, and J. Uhl on the action of sulphurous acid on copper have 
been previously discussed— - 3 . 21 , 6 . E. Barruel observed that copper at ordinary 
temp, and protected from air, forms copper sulphide and sulphate when treated with 
sulphurous acid; H. E. Causse said that the reaction occurs in two stages— 
(i) cupric sulphite and hyposulphurous acid ; and (ii) cupric sulphate and hydrogen 
sulphide, while basic sulphite appears as a result of a secondary reaction. 
M. Berthelot also made observations on the action of copper and silver on sulphurous 
acid. 

E. J. Russell and N. Smith's observations on the action of a mixture of 
sulphur dioxide and oxygen on the metftl oxides have been previously indicated. 
Sooiuni dioidde, dusted into a cylinder of the gas, glows brightly owing to the heat 
evolved during the reaction: Na202+S02” Na2S04. 0 . Schott observed that 
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at 200°, barium oxide reacts energetically with sulphur dioxide, strontium oxide 
at 290°, and calcium oxide at a temp, below redness; while C. Birnbaum and 

C. F. Wittich found that calcium oxide at 4(X>° reacts with sulphur dioxide, forming 
a basic sulphite, CaO.SCaSOs, and at 500°, calcium sulphate, and sulphide are pro- 
([uc(‘d. V. H. Veloy found that sulphur dioxide reacts with calcium oxide at 400°, 
forming much free sulphur which was attributed to a reaction with calcium sulphide 
and sulx^hur dioxide. D. L. Harnmick observed only traces of sulphur are 
formed with fre>h lime at iiuipient redness, and dried sulphur dioxide; the 
sulphite is formed as the primary product, and this is quickly converted to 
sulphide and sulphate. I. Guaresebi found that the gas is absorbed by soda»lime. 
W. T. Smith and R. B. Parkhurst determined the solubility of sulphur dioxide in 
water, milk of lime, and milk of magnesia from 5° to 60° and 760 mm. The cone, of 
sulphur dioxide as sulphurous acid is proportional to its partial press. C. F. Wittich 
studied the action of sulphur dioxide on heated magncvsia and found that the temp., 
325°, at which absorption occurs, is also the temp, of decomposition of magnesium 
sulphite. D. L. Harnmick, and G. Keppeler observed that cupric OXide reacts 
with sulphur dioxide before visible redness with the evolution of light and heat. 
The brick-red mass wiiich is formed is a mixture of cuprous oxide and cupric sul¬ 
phate : 3 Cu 0 +S 02 =-‘(’u 20 i CUSO 4 , showing that the sulphur dioxide is oxidized, 
An acid sulphate may also be formed, D. L. Harnmick also found that mercmic 
oxide acts as an oxidizing agent when heated in sulphur dioxide, forming mercuric 
and mercurous sulphates, free mercury, and sulphur trioxide: 4HgO-f 2 SO 2 
—2Hg-f 2 HgS 04 ; and 4 Hg 804 -f-*lS 02 — 2 Hg+Hg 2 S 04 ~f 6S0s. J. Meyer found 
that mercuric oxide, suspendi'd in water, does not form a dithionate when it reacts 
vvith sulphur dioxide —mdc infra, dithionic acid. According to D. Jj. Harnmick, 
w^hile stannic oxide is not attacked at a red-heat, stannous oxide reacts with 
incandescence, forming clouds of sulphur and traces of sulphur trioxide. The 
primary reaction is 18SnO-f- 7 SO 2 --16Sn02-f 2SnS-f 5S ; wliich is followed by 
SnS+ 3 Sn 02 —4Sn04 SO 2 , and the stannous oxide then reacts as befor(\ When 
lead oxide is heated in the gas just below visible redness, a dull glow travels through 
the mass. No sulphur or sulphur trioxide w^as formed, but a black powder—a 
mixture of lead sulphide and sulphate—W'as produced; 8Pb0-|-8S02*-=2PbS 
-f 6 PbS 04 . These possibly interact in the well-known way. J. Meyer observed that 
W’hen sulphur dioxide is passed through water with lead dioxide in suspension, there 
i.s no perceptible change. F. Wohler observed that lead dioxide in sulphur dioxide* 
becomes incandescent, and lead sulphate is produced, and E. J. Russell and N. Smith 
found that a mixture of sulphur dioxide and oxygen gives lead sulphate. 

D. L. Harnmick found that the bismath oxides act as oxidizing agents on sulphur 
dioxide—bismuth monoxide gives a reddish-brown sublimate which may be bismuth 
trioxide, and a basic sulphate is produced ; bismuth trioxide forms a black powder 
which contains a basic sulphate mixed with bismuth monoxide and free bismuth or 
both oxide and bismuth. No sulphide or free sulphur was formed, and only traces 
of sulphur trioxidc. The main reaction is : 7Bi203-f-3S02—6BiO-f 4Bi203.3S05. 
M. Traube obtained sulphur trioxide and chromic oxide when chromiam trioxide 
is heated to 180 ° in sulphur dioxide. G. Grather and T. Nagahama studied the 
reduction of dichromates by sodium sulphite. W. Wardlaw and N. D. Sylvester, 
and G. Edgar found that a sexivalent molybdenmn salt is not reduced by sulphur 
dioxide if it be allowed to act for, say, 8 hrs. at 90 °, provide<l over 2*5A^-H2S04 be 
present and 2*5 grms. of M0O3 per litre. W. Wardlaw and N. D. Sylvester found that 
tervalent molybdenum in sidphuric acid soln. is oxidized by sulphur dioxide to a 
stage between ter- and quinque-valent molybdenum while sulphur and molybdenum 
sulphide are precipitated. The degree of oxidation increases with increasing cone., 
and reaches a maximum approximating M02O4.2. The reaction is probably rever¬ 
sible: Mo2(S04)3-fS02+2H2S04;?^‘Mo2{S04)6-fS+2H20, but the reduction of 
sulphuric acid sohi. of molybdenum of higher valency to this stage does not occur, 
but the reaction Mo205.«Mo03+nH20+6HCl;Fi2MoOCl8+3H20+wH2Mo04 is 
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rever 8 ibl<\ In soln. corresponding to a stage just above the quiuquevalcnt, scxa- 
valent, and quinquevalent molybdenum are present, and, in accord with the above 
equilibrium, they will form molybdenum-blue in greater or smaller amount, depend¬ 
ing on the acid cone. Molybdenum-blue is insoluble in 34 per cent, sulphuric acid, 
but in 50 per cent, acid it dissolves, giving rise to a yellow soln., whilst with 
85 per cent, acid a green soln. is obtained. In acid of high cone, yellow, and 
green soln. are produced when sulphur dioxide reacts at 90'’ with molybdenum 
soln. at a slightly higher stage of oxidation than the quinquevalent. These effects 
are produced not by a specific action of the sulphur dioxide, but by the establish¬ 
ment of the above equilibrium relationship. Soln. of tervalent molybdenum salts 
in |iV-H 2 S 04 react differently with sulphur dioxide, probably forming tetra- 
thionic acid, D. L. Hammick observed that when manganous oxide is heated in 
sulphur dioxide, there is a dull red glow; sulphur and sulphur trioxide are pro¬ 
duced and a green powder of manganese sulphide and sulphate with traces of higher 
manganese oxides is formed. At a dull red-heat, sulphur trioxide, but no free 
sulphur, is produced and manganese sulphate is formed. The main reaction is 
symbolized : 7 MnO 4 - 10 SO 2 —MnS-f- 6 MnS 04 -|-S 03 + 2 S ; one secondary reaction 
is : MnS f 5 MnS 04 = 2 Mn 304 -f 6 SO 2 . E. J. Russell and N. Smith showed that 
dry manganese dioxide does not absorb dry sulphur dioxide ; but D. L. Hammick 
showed that if the dioxide is finely divided and at a dull red-heat, interaction occurs 
with the evolution of light and heat, leaving a reddish-brown mixture of manganese 
sulphate and the two oxides Mn 203 and Mn 304 : possibly the reactions are 

MuOo-f S02-MnS04; 2Mii02+S02--S03+Mn203; 3Mn203-i-S02=:2Mn304-i-S03; 

Mn 304 +S 02 == 2 Mn 0 +MnS 04 ; etc. J. Meyer found that when suspended in 
water, manganese dioxide forms sulphate, sulphite, and dithionate: 2 Mn 02 
f-IHgSOg -Mn 2 (S 03 )s 4 - 3 H 20 +H 2 S 04 ; Mn 2 (S 03 ) 3 --MnS 03 -fMnS 20 c, and MnSOg 
0 '^MnS 04 • T. S. Dymond and F. Hughes observed that while manganese dioxide, 
suspended in water, oxidizes sulphur dioxide to sulphuric and dithionic acids, 
manganese tefcratrioxide gives only sulphuric acid. J. Meyer and W. Schramm said 
that with manganese dioxide suspended in water there are two reactions : 2 MnO.> 
4 iS 02 -Mn 2 (S 03 ) 3 +S 0 g-Mn 804 +S 02 -fMnS 202 , and Mn 02 +S 02 -MnS 041 
while with m a n ga ni c hydroxide suspended in water, manganic sulphite is formed, 
as before, and this decomposes: Mn 2 (S 03 )g~MnS 034 -MnS 202 , and Mn 2 (S 03)3 
-MnS ()4 4 -S 02 +Mn 803 . There is no reduction to manganous salts, nor any 
decomposition of the manganic salt into manganous salt and dioxide. G. Keppeler 
observed that between 500° and 800° ferric OXide reacts slowly with sulphur dioxide: 
3 Fe 203 +S 02 = 2 F^ 04 +S 03 . D. L. Hammick obtained a similar result, and he 
observed no reaction between ferrosic oxide and sulphur dioxide at dull redness; 
there is, however, a reaction with ferrous oxide. According to J. Meyer, ferric, 
coh^tic» or nickelic hydroxide, and mthemom tetroxide form sulphites and 
dithionates; while sulphates are produced by the action of sodium, barium, or 
magnesium dioxide on sulphur dioxide. A. Rosenheim and E. A. Sasserath 
found that when a soln. of perosmio add in soda-lye is treated with sulphur dioxide, 
sodium sulphonosmate is produced. 

Sodium chloride, azide and sulphite, potassium cyanide and cyanate, ammonium 
chloride and sulphate; hydrazine sulphate, mercuric cyanide, cadmium chloride, 
and cupric sulphate are very sparingly soluble or insoluble in liquid sulphur dioxide ; 
potassium chloride, bromide, and azide, lead iodide, and silver azide are sparingly 
soluble; and sodium iodide, potassium iodide, and thiocyanate, ammonium bromide, 
iodide, azide and thioc^nate are very soluble. A. Benrath and K. Ruland found 
that oeric SUfehate oxidizes sulphurous acid to eq. amounts of sulphuric and dithi- 
onio acids. J. A. Sraythe and W. Wardlaw observed no evidence of oxidation, 
analogous to the case of stannous chloride, by the action of sulphur dioxide on lead 
and ga l lium chlorides* On the other hand, ouproos chloride is slightly oxidized, 
forming sulphur and cuprous sulphide; J. B. Firth and J. Higson studied the 
reaction with cupric chloride: 2CuCl2+S02+2H20=Cu2Cl2+H2S04+2HCL 
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W. Wardlaw, and W. Wardlaw and P. W. Pinkard represented the oxidation 
of cuprous chloride by sulphur dioxide in the presence of cone, hydrochloric acid 
by the ecjtlation i 2 Cu 2 Cl 2 “f'S 02 ‘ 4 " 4 HCl= 4 CuCl 2 ~|“ 2 H 20 ~|~S. The reaction is 
probably reversible, but the reversibility is obscured by the reaction: 
6 CUCI 2 +S+ 4 H 2 O— 3 CU 2 CI 2 + 6 HCI+H 2 SO 4 . There is probably also a secondary 
reaction, forming black cuprous sulphide: S+ 2 CU 2 CI 2 — 2 CUCI 2 +CU 2 S. The 
degree of oxidation of the cuprous chloride is dependent on the initial cone, of the 
cuprous chloride ; oxidation does not occur in soln. containing less than 30 c.c. of 
free hydrochloric acid (33 per cent.) in 250 c.c. of soln. at 95° ; and if more than 
150 c.c. of the hydrochloric acid is used, sulphur is precipitated. Soln. containing 
between 112 and 150 c.c. of the cone, acid furnish a precipitate of sulphur and 
cuprous sulphide; and with 38 to 112 c.c. of acid, the precipitate is cuprous sulphide 
alone. As the cone, of the acid decreases, the degree of oxidation is lowered, and 
even when black cuprous sulphide is precipitated, the degree of oxidation is small. 
W. M. Mebane and co-workers examined the solubility of calcium phosphate in 
nq. soln. of sulphur dioxide. 

J. A. Smythe and W. Wardlaw found that chromous and molybdous chlorides 
are readily oxidized by sulphur dioxide to higher chlorides with the formation of 
hydrogen sulphide. The reduction of mercuric chloride by sulphur dioxide was 
noticed by A. Vogel, and F. Wohler. F. Sartorius recognized the importance of 
the initial cone, of the mercuric chloride, and showed that the reduction is quantita¬ 
tive with a soln. of the chloride (1:80), sat. with sulphur dioxide after prolonged 
digestion at 70°~80°. P. A. Bolley obtained similar results. A. Sander said that 
the reduction of mercuric chloride by sulphurous acid: H 2 S 03 -f 2 HgCl 2 +H 20 
=H 2 S 04 -|- 2 HgCl-f 2HC1, is quantitative o^y when the soln. contains not more 
than 2 grms. of sulphur dioxide per litre; with greater concentrations, sulphur 
dioxide escapes unoxidized from the boiling soln., with an excess of mercuric chloride 
and a cold soln. of sodium hydrosulphite, 2 NaHS 08 + 2 HgCl 2 = 2 HgCl(Na 808 ) 
+2HC1; with sulphurous acid in place of the hydrosulphite, 2 mols of sodium 
hydroxide are needed to neutralize the reaction mixture for every mol of sul¬ 
phurous acid, so that sodium hydrosulphite is first formed. If the neutralized soln. 
is boiled, it becomes acidic: 2HgCl(NaS08)-f H20=2HgC5[+Na2S04-fH2S08 ; and 
H 2 S 03 -t- 2 Hg€i 2 +H 20 =H 2 S 044 - 2 HgCl 4 - 2 HCl. Normal sodium sulphite behaves 
like the hydrosulphite. J. A. Smythe and W. Wardlaw represented the reaction : 
S02+4HCl+2Hg2Cl2-4HgCl2+2H20+S. L. M. Stewart and W. Wardlaw 
showed that this reaction applies when the hydrochloric acid present is SN- to 2N-. 
With a decreasing cone, of hydrochloric acid, the amount of oxidation decreases, 
and at last, mercurous chloride is reduced: Hg 2 Cl 2 ^Hg+HgCl 2 , but not by the 
sulphur dioxide. The reduction of meroorons ditoride by sidphur dioxide can 
lake place in two way^s i Hg 2 Cl 2 ~f* 802 “f" 2 H 20 = 2 Hg-|“ 2 HCl-f-H 2 S 04 i and 
2 HgCfl 2 +S 02 + 2 H 20 ==Hg 2 Cl 2 + 2 HCl+H 2 S 04 produce sulphuric acid in both cases. 
A. Vogel thought that mercurous chloride is converted by sulphur dioxide into a 
grey subchloride, but L. M. Stewart and W. Wardlaw observed that sulphur dioxide 
does not usually show a tendency to exert a reducing action in the presence of dil. 
hydrochloric acid; and they agree with E. Divers and T. Shimidzu, who found that: 

Ordinary calomel becomes a little greyish when suspended in a small quantity of water 
through which sulphur dioxide is passed . . . only traces of hydrochlono acid are found 
in the mother>Uquor. We doubt if there is any reaction at all between either of the 
two, mercurous chloride and sulphurous acid, for when mercurous chloride is precipitated 
by sulphurous acid itself, it is of dazzling whiteness. 

They also found that mercuric chloride dissolves more readily in aq. soln. of 
sulphur dioxide than in water alone, but not so in the presence of much sulphuric 
acid; and they suppose that in the reduction of mercuric chloride, the first stage 
results in the formation of mercuric hydrosulphite: HgC 32 + 2 H 2 S 08 » 2 HCl 
ri“Hg(HS08)2; and that this is partially hydrolyzed into mercurosic sulphite: 
3 Hg(HB 0 s) 2 +H 20 ~Hg 8 (S 08 ) 2 +H 2 S 04 -f3H2SO8, which is then decomposed by 
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the hydrochloric acid: Hg 3 (S 03 ) 2 +^HCl=:-HgCl 2 +Hg 2 Cl 2 + 2 H 2 S 03 . The sul¬ 
phuric acid formed by the reduction of the mercuric chloride prevents the remainder 
of the mercuric chloride from forming the essential intermediate hydrosulphite, and 
thus brings the reaction to a close. M. le Blanc and A. A. Noyes also observed that 
mercuric chloride and hydrochloric acid form a complex H 2 HgCl 4 . L. M, Stewart 
and W. Wardlaw showed that with a definite cone, of acid, the yield of mercurous 
salt is dependent on the cone, of the mercuric chloride present. If over 2*6 grms. 
per 120 c.c. dt water are present at 95®, the reduction is incomplete after a 12 hrs.’ 
digestion. Retmning to the influence of the cone, of the hydrochloric acid, while 
oxidation occurs with 2 iV- to SiV-HCl; the mercurous chloride decomposes: 
Hg 2 Cl 2 ~Hg 4 -HgCl 2 with between 2N- and 0*16N-HC1; and the calomel is not 
afiected by 0*16iV- to O-OiV-HCl; there is a minute reduction : Hg 2 Cl 2 +S 02 + 2 H 20 
^~ 2 Hg+ 2 HCl+H 2 S 04 T^ith 0-07JV- to 0*02N-HC1, and this reduction increases with 
decreasing acid cone, down to neutrality— vide mercurous chloride— 4 . 31, 11— 
and mercuric chloride— 4 . 31,12. 0. Ruff observed that liquid sulphur dioxide and 
alaimniom chloride in a sealed tube form aluminium sulphurylchloride, AICI 3 .SO 2 , 
and the same compound is produced by the action of aluminium chloride on sul* 
phuryl chloride {q.v.}, P. Walden found that ferric chloride dissolves in liquid 
sulphur dioxide, forming a yellow soln. The reduction of ferric salts by sulphurous 
acid and sulphites was observed by R. Phillips, C. F. Schonbein, J. Meyer, 
H. J. Buignet, L. L. de Koninck, A. Vogel, P. T. Austen and G. B. Hurff, 
T. W. Hogg, R. W. Atkinson, B. Glasmann, A. C. Gumming and E. W. Hamilton, 
etc. J. A. Smythe and W. Wardlaw, W. Wardlaw, and W. Wardlaw and 
F. H. Clews studied the oxidation of ferrous chloride in acidic soln. by sulphur 
dioxide. The reaction: 4 FeCl 2 +S 02 + 4 HClK=^ 4 FeCl 3 + 2 H 20 +S is reversible, 
but this fact is generally obscured by the reaction: 2 FeCl 3 +S 02 + 2 H 20 
= 2 FeCl 2 + 2 HCl+H 2 S 04 ; but in the presence of cone, hydrochloric acid no sul¬ 
phuric acid can be detected when ferrous chloride is oxidized by sulphur dioxide. 
Owing to the reversibility, only a limited yield is possible, and the degree of oxida¬ 
tion is dependent only on the initial cone, of the total iron. From the mass law, 
assuming that the active masses of acid, sulphur, and water are constant, the equili¬ 
brium condition is determined solely by the ratio of the ferrous to ferric iron. The 
most favourable temp, for the oxidation of ferrous chloride, in 33 per cent, hydro¬ 
chloric acid, by sulphur dioxide is 95®; oxidation does not occur at 95® in soln. 
containing less than 165 grms. of free HCl per litre. A soln. of ferrous chloride in 
22 per cent, hydrochloric acid gave a maximum*yield of 8*6 per cent, of ferric iron 
when treated with a mixture of sulphur dioxide and hydrogen chloride containing 
16 per cent, of sulphur dioxide; mixtures with 10-20 per cent, of sulphur dioxide 
give the best results under these conditions. Soln. containing 10-18*3 per cent, of 
ferric iron in 33 per cent, hydrochloric acid gave no evidence of oxidation or reduc¬ 
tion ; with more than this amount of ferric iron, reduction slowly occurred. The 
dependence of sulphur dioxide as an oxidizing agent on a high cone, of hydrochloric 
acid made it probable that hydrochloric acid and sulphur dioxide form a little 
thionyl chloride, and that the oxidizing properties of sulphur dioxide are really 
exercised through the medium of the thionyl chloride initially produced. Accept¬ 
ing the results of K. Schaefer, and of A. O. Ranldne and C. J. Smith, mde 
supra, W. Wardlaw and N. D. Sylvester assume that the slowness of the reactions 
indicate that they are molecular and not ionic; that hydrated sulphur dioxide is 
formed 8 < 02 +H 20 =H 0 .S. 0 , 0 H; and that the peroxide group thus produced 
will give rise to an oxidizing reaction when in contact with a reducing agent; other¬ 
wise, it will assume the more stable configuration ; 



Reactions with sulphur dioxide as an oxidizing agent can then be symbolized 
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S< 02 + 2 H-^H 0 .S. 0 H ; H 0 . 0 .S. 0 H+ 2 H-^H 0 .S. 0 H+H 20 . The initial reduc¬ 
tion product of the sulphur dioxide and its hydrate is probably the h 3 rpothetical 
sulphyoxylic acid, which by further reactions can give rise to hyposulphurous or the 
thionic acids. When sulphur is precipitated as the result of an oxidation by sulphur 
dioxide, it may be considered as the end product of a series of unstable intermediate 
substances. According to 0. C. Ralston, when sulphur dioxide, diluted with air is 
passed through a soln. of ferrous sulphate, the ferrous iron and the sulphur dioxide 
catalyze each other’s oxidation, and the reaction : 2 FeS 04 -l~S 02 + 02 —Fe 2 (S 04 )s 
occurs. The optimum temp, is 40”, and the best proportion of the two gases is 
about 7 per cent. SO 2 by vol. for crucibles'about 1mm. diameter. The effect of press, 
is small. The presence of copper is detrimental to the reaction. Sulphur dioxide was 
found by W. Wardlaw and co-workers to have no reducing action on ferric phos¬ 
phate dissolved in cone, phosphoric acid : but ferrous phosphate in cone, phos¬ 
phoric acid is oxidized : 4 Fe(H 2 P 04 ) 2 + 4 H 3 P 04 “fS 02 " 2 H 20 +S-f 4 Fe(H 2 P 04 ) 3 . 
It is believed that the reaction is really reversible, but is modified by the formation 
of complex stable compounds of ferric phosphate with phosphoric acid. S. R. Carter 
and J. A. V. Butler found that the sj>eed of the reaction agrees with the assumption 
that an active reducing compound is produced by a primary reaction which is 
reversible, and by a second irreversible process this active substance decomposes with 
the formation of sulphur. The intermediate compound is probably not hydrogen 
sulphide ; hydrosulphurous acid and thiosulphuric acid have the necessary reducing 
qualities, but would not have a long enough life in strongly acid soln. An active 
form of sulphur could conceivably possess the required properties, and decompose into 
inactive sulphur at a rate required by the theory. J. Houben estimated ferrous and 
ferric iron together in acidic soln. on the assumption that when a ferric salt is reduced 
with sulphur dioxide, the increased acidity corresponds with two-thirds of the acid 
in combination with the ferric iron, 2 FeCls 4 -S 02 + 2 H 20 :=:Fe 804 +F^Cl 2 + 4 HCl. 
J. Meyer observed that the reduction of a ferric salt most probably proceeds in 
stages ; thus, first, a red ferric ferrisulphite, Fe[Fe(S 08 )s], is formed, which slowly 
changes in the cold, more quickly on warming, into the ferrous salt, not, however, 
with the production of sulphuric acid, but dithionic acid, thus : Fe[Fe(S 03 ) 3 ] 
==FeS 20 cH-FeS 03 . Before any increase in the acidity can take place, therefore, 
the dithionate must be decomposed, thus: Fe 820 fl-f H 2 O—FeS 04 +H 2 S 03 , and 
it is not quite certain whether this is completed even by vigorous boiling. J. Pinnow 
found that a low acid cone, favours the interaction of a ferric salt and a sulphite ; 
quinone, quinol, and their respective sulphonic acids act as carrier-catalysts in the 
oxidation of a sulphite to sulpi^te by means of a ferric salt, and their effects increase 
with increase in the respective amounts present. In acid soln., their catalytic 
action is less pronounced. The increased yield of sulphate in the presence of quinone 
is not in accord with the suggestion of C. E. K. Mees and 8 . E. Sheppard that a 
dithionate is formed from quinone and a sulphite. The author finds that quinone 
is converted into its sulphonic acid. The regeneration of quinol or its sulphonic 
acids, by means of sulphurous acid, and its subsequent oxidation to quinone, can be 
effected only in acidic soln. 

According to W. Wardlaw and co-workers, the facts that sulphur dioxide 
reduces most readily in a very dil. acid medixim, and that it oxidizes most readily 
in a strong acid medium, may be explained on an ionic basis, oxidation being 
represented by the surrender of positive charges and reduction by the transference 
of negative charges. Sulphur dioxide in aq. soln. is generally regarded as a 
moderately weak and acid ionizing principally into H*-, HSOg'-, and 808^-ions. 
It is in this condition that it reacts as a reducing agent. Thus : 2Fe”' +S08"'+H20 
=2Fe'’-f S 04 ''+ 2 H\ In strongly acid soln. containing a large number of hydrions, 
the cone, of SO^^-ions will be reduced, and, on the above assumption, its power of 
reducing should be diminished. This is in accordance with experimental results. 
Now let it be assumed that sulphur dioxide is capable of ionizing to an extremely 
minute extent as a base, yielding a correspondingly "minute amount of sulphur 
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ions. E, Fromm and G. Raiziss have shown that the sulphoxides, the organic 
analogues of sulphur dioxide have basic properties. This tendency will be all the 
greater, the larger the number of H‘-ions present in solri. Thus, H« 0 +S 02 
^ 0 S( 0 n) 2 ^S 0 ‘*+ 20 H'; or H 20 -+S 0 *^S***-+ 20 H'. In view of the large 
number of hydrions present in tlie soln., the cone, of hydroxyl ions would be 
reduced to a very low value and th<* reaction towards the right favoured. Oxida¬ 
tion is now represented ; S"" + 4 Fe“-^ 4 Fe'“-f S. If oxidation takes place due to 
the ion-SO”, 2 SO*’+ 4 Fe*'-» 4 Fe'“+ 2 SO; 280 + 1120 -^ 112 ^ 203 , which repre¬ 
sents an intermediate stage in the reduction of sulphur dioxide to sulphur. Thio- 
sulphuric acid would break up into sulphur dioxide and sulphur. This hypothesis 
is a modification of the thionyl chloride hypothesis of J. A. Smythe and W. Wardlaw. 

According to W- R. E. Hodgkinson and J. Young, when dry sulphur dioxide 
acts on chromates or dichromates, there is a tendency to form chromium sulphate 
as well as th ‘ other metal sulphate, but in no case was the chromium sulphated 
to its fullest extent; the permanganates behave similarly. W. S. Hendrixson 
studied the reducing action of sulphurous acid on dichromates which is incomplete 
in acidic soln, owing to the formation of some <lithionatc. Alkaline soln. of sulphur 
dioxide were found by F. Hecren, L. P. de St. Gilles, M. J. Fordos and A. G^lis, 
and H. J. Buignet to be almost completely oxidized to sulphate ; by permanganate ; 
but in acidic soln., about one-fifth is oxidized to dithionate. T. M. Kolthoff said 
that the reaction is completed only in alkaline soln. with a large excess of per¬ 
manganate ; in acidic or neutral soln. the reaction was not complete in 24 hrs. 
even with a largo excess of permanganate. This was attributed by W. 8 . Hendrix¬ 
son to the formation of some dithionate. G. Lunge and J. H. Smith found that 
only 86 per cent, of sulphur dioxide is transformed into sulphuric acid. When 
sulphurous acid is dropped into a soln. of potsissium permanganate there is a loss 
owing to the volatilization of the dioxide; T. 8 . Dymond and F. Hughes said that 
the loss is due to the formation of dithionic acid : 17 H 2 S 03 ~i 6KMn04—2K2S2O6 
+K2S04+6MnS04 + 6H2S04+llH20. If sulphurous acid be introduced into an 
excess of permanganate, sulphuric acid alone is produced. T. Filter showed that 
basic phosphates insoluble in wafer are transformed by sulphurous acid, under 
press, into acid phosphates. According to B. W. Gerland, sulphur dioxide converts 
caldum orthophosphate into calcium sulphurylphosphate* Ca3(P04)2.S02.2H20, 
while E. Rotondi observed that when calcium magnesium orthophosphate is 
heated with sulphurous acid, hydrophosphate and sulphite are produced; and 
with barium or lead orthophosphate, dihydrophosphate and sulphite are formed. 

Some reactions of analytical intered. —When the sulphites are treated in 
the cold with dil. or cone, sulphuric acid, sulphur dioxide is given off recognizable 
by its odour. With silver nitrate, neutral sulphites or sulphurous acid gives a 
white precipitate of silver sulphite soluble in aq. ammonia, nitric acid, and in an 
excess of silver nitrate. When the latter soln. is boiled, a grey precipitate of 
silver is formed; and similarly when silver sulphite is boiled in water. 0 . Hackl ^3 
said that by means of silver nitrate it is possible to detect 0-001 grm. of SOg'' as 
sulphite in 10 c.c. of water ; or 0*00001 grm. of sulphur dioxide in 1 c.c. of water. 
No precipitation occurs with barium chloride in sulphurous acid, but with neutral 
sulphite soln., barium sulphite is precipitated. The precipitate is soluble in cold 
nitric acid, and when the soln, is boiled, insoluble barium sulphate is formed. If 
the sulphite contains sulphate, the precipitate with barium chloride may not be 
aU soluble in the nitric acid. A similar precipitate is obtained with stroutiuni 
chlcmlde, but, as shown by W. Autenrieth and A. Windaus, thiosulphates do not 
give this precipitate. One part of calcium, strontium, or barium sulphite is 
soluble respectively in 800 , 30 , 000 , and 46,000 parts of water at 18 ®. White lead 
sulphite is precipitated *by lead salts. The sulphites are oxidized to sulphates by 
chlorine The reducing action of sulphurous acid is shown by its decolorizing 

iodine soln., and acid potamum permanganate soln., iodates, chromic acid, soln. 
of gold salts, and mercurous nitrate. L. L. de Koninck observed that filter-paper 
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soaked in potassium ferrocyanide and ferric chloride is coloured blue by sulphur 
dioxide or acid sulphites; and J. Persoz, that paper soaked in starch and potas¬ 
sium iodide soln. becomes blue when exposed to sulphur dioxide. At ordinary 
temp, mercuric chloride gives no precipitate with sulphurous acid, but when the 
soln. is boiled mercurous chloride is formed, and with an excess of sulphurous acid, 
the mercurous salt is blackened by forming mercury. According to A. Sander, 
when sodium salts of the following acids are treated with an excess of mercuric 
chloride, the reactions indicated in Table III occur. Polythionates and sulphites 

Table 111 .-- Some Kevctions of the Salts of the Oxysulphur Acids. 


Sodium salt. 

Cold soln. 

Sulphate . 

No ppt. 

Sulphite . 

No ppt. 

Hydro.sulphite 

No ppt. 

Sulpliide . 

Ppt. 

Thiosulphate 

Ppt. 

i*olythionato 

Ppt 


Reaction with 
metliyl orange. 

Bolling. 

Reaction after 
l>olUng. 

Neutral 

No change 1 

Neutral 

Alkaline 

Ppt. 1 

Acid 

Acid 

Ppt. ; 

And 

Neutral 

No change 

Neutral 

Acid 

No change | 

Acid 

Acid 

No change ( 

Acid 


(*annot exist together in a soln. Nascent hydrogen from zinc and sulphuric acid 
reduces sulphurous acid to hydrogen sulphide recognizable by its odour, and by 
its action on lead acetate. According to C. H. D. Bodeker, and K. A. Hofmann, 
if a neutral sulphite be treated with a dil. soln. of sodium nitropnisside» a faint 
junk colour is produced, but if an excess of zinc sulphate be added, the colour is 
red. If a little potassium ferrocyanide be present, the reaction is more sensitive, 
and, unlike thiosulphuric acid, sulphurous acid then gives a red precipitate. 
Neutral sulphites, not the hydrosulphites or free acid, rapidly decolorize dil. soln, 
of fuchsine, malachite green, and other triphenylmethane dyes. According to 
E. Votocek, soln. of thiosulphates or of di-, tri-, and tetrathionates do not decolorize 
these dyes ; but soln. of mono- or poly-sulphides also remove the colour from the 
dye soln., and the sulphide ion must be removed by means of zinc or cadmium 
ions before the test with the dye is made. The best efiects are obtained by using 
a mixture of 3 vols. of magenta soln. ( 0-25 grm. in 1 litre) and 1 vol. of malachite- 
green soln. of the same cone. The colour is restored on the addition of a small 
amount of acetaldehyde. If the original soln. is alkaline, carbon dioxide is passed 
in; if acid, an excess of sodium hydrogen carbonate is added. A soln. of 
0'00006 grm. of sulphurous acid in 1 c.c. of water can readily be detected by 
this method. The reaction was studied by H. Leffmann and M, Trumper, and 
H. Fincke. The detection of thiosulphates, sulphites, sulphates, and sulphides 
has been discussed by R. G. Smith, W. P. Bloxam, etc .—vide infra. 

The constitution d snlpharoos acid and the snlphlt^. —The empirical 
formula of a gaseous compound is based upon its percentage composition, and the 
atomic hypothesis; while the molecular formula, in addition, is coupled with 
Avogadro’s hypothesis. After the empirical and molecular formute have been 
determined, the chemical properties of the compound are studied in order to trace 
the relations between the atoms of the molecules, and when this has been done 
for all the atoms in the molecule of the substance, the OQnstitntion ol tfaa OOm- 
pound is said to have been determined. The result of the investigation is expressed 
as a structural or graphic formula. “ It is assumed/’ as W. Lossen expressed 
it, that the action of any particular atom on the other atoms in the molecule 
depends on the relative position of the atom in question; the properties and 
chemical behaviour of the molecule depend upon the actions of all the atoms on 
one another. Hence observations of the properties and the behaviour of a com¬ 
pound enable us to draw conclusions concerning the mutual actions of the atoms 
in the molecule of that substance, and the positions of the molecules relative to 
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one another.” A structural formula should summarize what is known about the 
chemical behaviour of the compound with respect to (i) the number and kind of 
atoms in the molecule ; and (ii) the relations between the atoms in the molecule. 

Several chemists have emphasized the formal analogy between sulphur dioxide 
and ozone ; and although, like ozone, sulphur dioxide exhibits both oxidizing and 
reducing characters, the arguments in favour of the ozone structure : 

so® 

Sulphur dioxide. Ozone. 

are not generally accepted. This formula for sulphur dioxide, however, was 
found by A. 0 . Rankine and C. J. Smith to agree better with the value calculated 
for the collision area (q.v.) than is the case with the formula 0 ~S= 0 . The 
reducibility of sulphur dioxide by zinc and acid to the simple hydride, H9H, does 
not prove that the sulphur atom is bivalent in sulphur dioxide ; nor does th(‘ fact 
that the two atoms of oxygen in sulphuryl compounds arc not replaceable by 
hydrogen, since the S-atom is fully saturated by two hydrogen atoms, and if 
oxygen atoms are affected, they are removed, not replaced, by the hydrogen. 
For instance, with ethyl chlorosulphonate, C2H5(S02)C1, the two atoms of oxygen, 
on reduction, form water, and the chlorine is alone displaced by hydrogen, forming 
ethyl hydrosulphide, C2H5.8H, i.e., ethyl mercaptan : C2H5.S02.C1+6H->C2H5.SH 
•+‘2H20+HC1. The action of phosphorus pentachloride on sulphur dioxide, 
resulting in the formation of thionyl chloride, SOCI2, is usually considered as 
establishing the constitutional formula 0 =S ”0 for sulphur dioxide, and of 
0=8=012 for thionyl chloride. There are several possible methods of repre¬ 
senting the constitution of sulphurous acid, and accordingly of the sulphites. 
The sulphur may be bi-, quadri-, or scxivalcnt : 


S< 


O-OH 


OH 

Sulphur dyad. 


0 =S< 


OH 


OH 

Sulphur tetrad. 


0 =S< 


0 - OH 
H 




o 




O. OH 
O' ^ 

Sulphur hexad. 


In one group of these formulae, the hydrogen atoms are symmetrically placed 
with respect to the sulphur atom; and in the other group the hydrogen atoms 
are asymmetrical. The problem is to select from these graphic formula the one 
which best represents the orientation of the atoms in the molecule of sulphurous 
acid, W. Odling at first favoured the asymmetrical or sulphonic formula : 
AgO.SO2.Ag, but later gave it up in favour of symmetrical, or dioxylic formula : 
AgO.SO.OAg, First, because the sulphites are in general loss stable than the 
sulphonates; and second, because of the effect of phosphorus pentachloride and 
of phosphoryl chloride. The as3rmmetrical formula was favoured by A. Strecker, 
D. I. Mendeleeff, A. Michaelis and B. Landmann, W. Smith and T. Takamatsu, 
etc. In advocating the asymmetrical formula, E. Divers belittles the value of 
both arguments. J. K. Syrian discussed the electronic structure. 

The instability and ready oxidizability of the sulphites as compared with the 
sulphonates does not necessarily mean that these salts have a different con¬ 
stitutional formula. The ready oxidizability of the sulphites has been explained 
by the hypothesis that the basic radicle is attached directly to the sulphur atom 
of the S02-group, and that it is this basic radicle, not the central sulphur atom, 
which is oxidized. Similar remarks, according to H. Prinz, apply to the sulphuriza- 
tion of the sulphites from thiosulphates. In the more stable sulphonates, it is 
assumed that the hydrocarbon ra^cle is directly attached to the sulphur atom, 
and that it resists oxidation. The evidence is: (i) the oxidation of potassium 
ethyl Bulphinate, E(SOs.C2H5), to potassium ethyl sulphonate, K0(S02.C2H5), 
the sulphuryl group is probably unaffected, but the oxygen is interposed between 
the metal and sulphur, (ii) The sulphonea—say ethyl sulphone, (02115)2802— 
have the same constitution as the sidphinates, and are not oxidimble because 
instead of a metal radicle being present, both the basic radicles are hydrocarbons, 
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which resist oxidation, (iii) Ethyl sulphide, (C2H5)2S, unlike the alkali sulphides 
say, Na2S, does not oxidize in air, presumably because it is the presence of a metal 
united directly to sulphur which makes both the sulphides and sulphites oxidize 
in air. E. Divers explains the effect of moisture in facilitating tlie oxidation of 
sulphur dioxide by assuming that sulphurous acid—constituted HO.SO2.H—is 
formed, and that the unoxidized hydrogen atom is readily attacked. The slow 
oxidation of sulphurous to dithionic acid, H2S2O6, observed by V. A. Jacquelain, 
is similarly interpreted : 2 (S 020 H)H-f- 0 ->{S 020 H) 2 +H 20 . When the radicle 
is not oxidizable, as is the case during the oxidation of silver sulphite, Ag2S03, the 
instability of the salt is explained in a different manner -viz, the metal is more 
stable when free than when united as an oxy-compoimd. 

The argument that the sulphites contain two hydroxyl groups is also based 
on the extension to inorganic compounds of d. B. A. Dumas and E. Peligot’s and 
A. Cahours’ investigations on the action of phosphorus pcntachloride on organic 
acids, etc., whereby each supposed hydroxyl group is replaced by equivalent 
chlorine atoms. Phosphorus pcntachloride reacts with the sulphites forming 
thionyl chloride, SOCI2, and hence it is argued that the sulphites have the equiva¬ 
lent of two hydroxyl groups. E. Divers holds that the thionyl chloride is here 
the result of a secondary reiiction, and that the inference is invalid. This argu¬ 
ment follows from Carius’ observations that ethyl chlorosulphonale, 
is the first product of the action of phosphorus pcntachloride on sodium ethyl- 
sulphonate, Na0(C2H5)(S02); and this compound decomposes slowly and spon¬ 
taneously into sulphur dioxide and chloroethane, C2H5C] ; the sulphur dioxfde 
then reacts with the phosphorus pcntachloride, forming thionyl chloride. Accord¬ 
ingly, the formation Ox thionyl chloride by the action of phosphorus pfuitachloride 
on the sulphites is not conclusive evidence of their constitution because an unstable 
metal chlorosulphonate, say NaClSOo, may be momentarily formed, to decompose 
immediately into the metal chloride and sulphur dioxide, which latt(*r is acted 
upon by phosphorus pcntachloride to form thionyl chloride. Phosphorus penta- 
chloridc is too drastic a reagent, and attacks both hydroxylie and non-hydroxylic 
radicles, and it is not therefore so satisfactory a test for the constitution of an 
acid as is obtained by the action of phosphorus oxychloride on the sodium salts, 
since this reagent employed by L. Chiozza does not confound the two kinds of 
radicles except in special cases, where at high temp, it is probably decomposed 
into the pentachloride and pentoxide : 5P0Cl3=P205+3PCl5. This appears to 
be the case in the action of phosphorus oxychloride on boron oxide which was 
shown by G. Gustavson to furnish boron chloride and a product formed by the 
union of phosphorus pentoxide and boron trioxide. However, phosphorus 
oxychloride has little if any action on the dry sulphites—sodium, calcium, and 
lead. E. Divers represented the reaction : P0Cl3-i-3Na(Na0)S02=3NaCl-f'3S02 
+(NaO)3PO. At a higher temp., the products of the decomposition of the 
phosphorus oxychloride—P2O5 and PCI5—react with the sulphite: 6 CaS 0 s 
+2P205-^2Ca8(P04)2+6S02, followed by H. Schiff’s reaction: SO24-PCI5 
—SOCI2+POCI8, so that three-fifths of the original phosphorus oxychloride is 
regained. In spite of the formation of tnionyl chloride during the reaction between 
phosphorus oxychloride and the sulphites, the presence of two hydroxyl groups 
cannot be established in this way. 

It has been said that the sulphites are imalogouB to the carbonates in virtue of the 
formulse (HO),SO and (HO),CO, but the ready oxidation of the one and not of the other 
suggests a different constitution unless it be remembered that sulphur can pass from a 
qii^ri* to a sexj-valent state while carbon cannot; it has been claimed further that the 
asymmetric sulphites are analogous to the formates, and that the sulphuryl SOf^radiole 
in the one is analogous with the carbonyl CO-radicle of the other, and that when oxidation 
occurs, it is the hydrogen attached to the sulphuryl and carbonyl radicles respectively, 
which is oxidized: 

Sulphite. SulphAte. Formate. Carbonate. 
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80 that the ooxbon analogy reacts between sulphites and formates, and between sulphates 
and carbonates ; and the same analogy has l^on extended to the dithionates, (SOa.OH )2 
and oxalates, (CO.OHjg. 

E. Divers also quoted the observations of K. Otto, and W. Spring on the 
reduction of the alkali di- and tri-thionates, and thiosulphate by sodium ; E. Divers 
and T. Hagans observations on the reduction of nitrosylsulphonate by sodium ; 
and W. Spring’s obse'rvations on the action of sulphur dichloride and iodine on 
sulphites in support of the asymmetrical formula. This formula was also favoured 
by H. Baubigny, and H. Debus, and G. C. Stokes found that a salt with a monoxylic 
bond does not form a strongly fluorescing salt with quinine, but even quenches the 
fluorescence produced by an oxylic salt. E. Divers showed that a soln. of a 
sulphite or of sulphurous acid at once destroys the fluorescence of quinine, and, 
so far as the test is trustworthy, this indicates the presence of a monoxybe group. 

On the other hand, the mode of formation of thionyl chloride, 0 : S : CI2, 
from sulphur dioxide, indicates that there is probably no change in the valency of 
quadrivalent sulphur when one of the oxygen atoms of sulphur dioxide is replaced 
by two chlorine atoms, and that each of the oxygen and chlorine atoms is directly 
attached to the sulphur. Like other acid chlorides, thionyl chloride is decom- 
post‘d by water or alkaline soln., forming sulphurous and hydrochloric acids : 


Cl . H - OH 
"-C1 H: OH 


2HC1 1-0=S 


.OH 

OH 


The reaction is interpreted to mean that sulphurous acid has a similar constitution 
to thionyl chloride ; the two chlorine atoms of the last-named compound have 
been replaced by two liydroxyl groups derived from the water. Hence, it is inferred 
that the two hydroxyl groups of sulphurous acid are directly united with the 
Hidphur atom. Otherwise expressed : 

o-s_() 

Sulphur dioxide. Thionyl clilorlde. Sulphurous acid. 


It IS commonly assumed that when an atom or group of atoms in a compound is 
replaced hy annther atom or groiip of atoms, die latter occupies the position vacated 
hy the former withoxU any essential structural change in the arrangement of the other 
atoms. This rule does not mean that the relations subsisting between the atoms 
of the molecule are not altered during the replacement of one atomic group by 
another, for the hydrogen atoms in, say, C2H3OCI may be more or less easily 
affected by certain reagents than the hydrogen atoms in, say, CoHsOBr. The 
rule of the constancy of structural arrangement, and the action of water on thionyl 
chloride, make it probable that the two chlorine atoms of thionyl chloride are 
directly replaced by two hydroxyl groups. By neutralizing potassium hydro- 
sulphite with sodium liydroxide or carbonate, and by neutralizing sodium hydro- 
sulphite with potassium hydroxide or carbonate, two soln. are obtained from each 
of which crystalline potassium sodium sulphite can be separated. A. H, Rohrig, 
and H. Schwicker believed that the crystals prepared by these two different 
processes are different. Both products yield compounds with identical properties 
when the double sulphites are treated with methyl or ethyl iodide in a sealed tube. 
Assume, for the monioiit, that the reactions can be represented: 


(VH, , KG 
1 Na 



KG' 


G 




I 


NaO\ 0 
K "^G 


™ki+ 



0 

0 


where the metal directly united to the sulphur atom is alone replaced by the ethyl 
radicle. Sodium ethyl sulphonate and potassium iodide form the complex salt 
4(C2H5.SOa.ONa).KI; and potassium ethyl sulphonate and sodium iodide, the 
complex salt 4(C2H5.S02.0K).NaI, both of which were reported by H. Schwicker. 
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He also said that when the isomeric sulphites are boiled with ammonium sulphide, 
they are converted into isomeric thiosulphates sodium ethyl sulphonate 

yielding sodium ethyl thiosulphate, (C2H5)NaS203.H20; and potassium ethyl 
sulphonate, potassium ethyl thiosulphate, (C2H5)KS203. These statements have 
not been established. K. Barth did obtain different products, but the evidence 
is not decisive. It is doubtful if different isomeric potassium sodium sulphites could 
exist in aq. soln., even if they were to exist in the solid state ; because, according 
to A. P. Sabaneeff, the reaction: C.Hs.SOo.ONa+KI^CsHg.SOa.OK+Nal, 
would probably be reversible. G. S, Fraps, also, could find no difference in the 
products obtained by H. Schwicker's reactions; and he concluded that there is 
“ no evidence of the existence of isomeric potassium sodium sulphites.’' Conse¬ 
quently, if two isomeric salts, say : 

0 OK O 

0 Xa 0 


are capable of existing, the one in which the atom of potassium is directly con¬ 
nected with the sulphur atom is not stable and readily changes into the othcT. 
Otherwise expressed, there is at present no definite evidence of the existence of 
two different salts, KO.SOo.Na and Na 0 .S 02 .K ; and hence it can be inferred 
that the graphic farmulce of the sulphites correspond with two symmetrically placed 
hydroxyl groups in sulphurous acid, and the formula is accordingly written : 
HO —SO—OH. G. Oddo discussed the constitution in the light of his theory of 
mesohydry. P. Pascal’s magnetic observations favoured the SO(OH)2 formula. 

The rule of the constancy of structural arrangement might here easily lead us 
astray because the fact that no isomerism has hitherto been detected in the com¬ 
pounds prepared by the two different methods, may be due to the fact that with 
certain radicles only one configuration is stable and permanent. If another 
configuration be momentarily produced it immediately passes into the stabh* 
condition. Hence, the negative results obtained in the attempt to prepare two 
isomeric potassium sodium sulphites do not prove conclusively that an unsym- 
nietrical sulphurous acid is non-existent, although the negative results may prove 
that there is only one stable or favoured configuration of NaKS03 or of C2H5KS()3 
under the conditions of the experiment. 

Sulphurous acid, built up from quadrivalent sulphur, is a meta-acid- -meta- 
sulphuTOUS acid, (HO)2SO, derived from orthosolpburous acid, S(OH)4, by tlu* 
loss of a mol. of water. The ortho-acid has not been prepared, but M. M. Richter 
obtained a number of derivatives— e,g. triphenyl chloro-orthosulphite, S(OC(jH5)3Cl; 
ethyl triphenylorthosulphite, (CeH50)3S{0C2H5); etc. 


When ethyl sulphide, (CjHj)jS, is oxidized with nitric acid, both ethyl sulphoxidet 
(CgH 5 ) 280 —melting at S'*—and ethyl sulphone, (C,H 5 ),SO,—melting at 72'^ —are formed : 


Ethyl Btilphlde. 


C.H 

C,H 


«>SO 


Ethyl eulphoxlde. 


Ethyl sulphoD«. 


On the other hand, diethyl sulphoxlde, (C 3 Hg),SO, is readily reducsed to the sulphide, showing 
that the oxidation is not likely to have affected the aikyl groups, but has confined itself 
to the sulphur atom. Ethyl sulphone has neither acidic nor basic properties; 100 parts 
of water at 16*^ dissolve about 16*6 parts of the compound. Tiie mode of formation of the 
alkyl sulphides, sulphoxides and sulphones, is supposed to show that both the hydrocarbon 
radicles are linked directly with the sulphur. The sulphones are remarkably stable, and 
cannot be readily reduced back to the sulphides. Sttlpboxyllc Mid, StSOf, is unknown, 
but the sulphones can be regarded as derivatives of an acid of this composition with both 
the hydrogen atoms directly united with the sulphur atom ; whereas the so-called sulphlnlo 
aeids are derivatives of an acid of the same composition, but with one hydroxylic ojcygen 
and one univalent hydrocarbon radicle, R, attached directly to the sulphur atom: 


5>SO, HO>®® «'■ H>®0» 


Alkyl sulphone. Alkylstilphini e act d. 

The alkyl sulphinic acids, R.SO.OH, are usually liquids which rapidly oxidize to sulphonio 
acids, R.SO 2 .OH, on exposure to air ; and, unlike the isomeric sulphones, they are oxidized 
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by potassium permanganate and acetic acid to sulphonic ethers, R.SOa.Olt. The action 
of zinc ethide, (C8Hg)2Zn, on sulphur dioxide furnishes zinc ethylsttlphlnate, (02H5.SO.O)aZn : 


gH*>Zn+2SO. 




The transformation of benzenesulphinic acid, CaH5.S^.OH, into benzenesulphonic chlorideH, 
CeHj.SO.CI (sulphur quadrivalent), by the action of phosphorus pontachloride, seems at 
first sight to exclude the formula Celis.SOa.H (sulphur hexavalent), for bon/eiie sulphinic 
acid, unless a consecutive series of reactions of this kind occurs : 

.O ^ O . C.H,. ^ O 




ONa 




ONa 


C.H,. 


When ethyl mercaptan, C2H5.SH, is treated with nitric acid, it is oxidized to a derivative 
of sulphurous acid, ethyl SUiphonic acid, CtHg.SO2.OH, disoov <'red by C. Lowig. Organic 
chemists consider that the alkyl radicle is directly umted with the sulphur betiause of its 
mode of preparation, and also because it can be reduced back to mercaptan, OgtlfSH, by 
zinc and h>drocliloric acid : CgHg.S.H-f Og- Cgllg.SO.OH. The presence of a Itydroxyl 
group in ethylsulphoiiic acid is inferred because it yields etbylsulphonic chloride, 
CtHj.SOg.CT, when heated with phosphorus pentachlonde ; and etbylsulphonic chloride 
re-forms (stliylsulphonic acid wlien hydrolyzed. The sulphonic acids contain the univalent 
SO jOH-group with the sulpliur atom directly united with a hydrocarbon radicle. In 
illustration, phenylsulphonic or bcnzf'nesulphonic arid, CgHg.SOg.OH, is formed by the 

action of cone, sulphuric acid 011 benzene, CgHg, thus CgHg H-HO.SOg.Oll-^CgHg.SOg.OH 
-f HgO ; and hence, it is concluded tliat the residue SOjOH of the sulphonic acids is the 
residue of sulphuric acid. This is further confirmed by the fonnation p( chlorosulphonic 
acid, C'l.SOg.OH, from sulphuric ewnd, and the re formation of sulphuric acid when chloro- 
Bulpiionic acid is hydrolyzed ; and by the formation of benzene sulphonic acid from chloro¬ 
sulphonic acid and benzcuio : Cl.SO2.OH-f" 0 «Hg-vCgHg.SOa.OH H-HCl. 

Wlien the sulphonic esters are fused witli the alkali hydroxides, the corresponding 
alkali sulphite and alcohol is formed: CtHjr.SOff^CgHg-l-KOH'^K2S03-}-C2Hg.0H ; it 
is not likely that the alkali here deoxidizes the suiphuryl or SOg-group to a thioiiyl or 
SO-group, and accordingly it is inferred that the alkali sulphite contains the SfJg-group, 
and lias the formula KO.SOg.K. In A. Streoker’s and W. von Hornilian's reactions a 
sulphite is converted into a sulphonate, and this is interpreted : (NHgO.SOglNHg-f (\HgCI 
- ^(NHgO.SOalCuHs-j-NHgCl, for it is thought unlikely that phenyl chloride, (’gllgCl, can 
oxidize a SO-group into a SO 2-group. According to H. E. Armstrong and A. K. Aliller, 
the benzenesulphonatos can be hydrolyzed to sulphates: CgHg.HSOg-f-HgO-vCgHg.H 
4-H2SO4; and since some of the sulphites can be similarly hydrulyzecl to sulphates. 
Ag2S03-f H ,0 -► 2 xVg-f H2SO4, it is suggested that the sulphates, sulphites, and sulphonatcs 


all contain the radicle SO*. 



NaO Q.. 


NaO-v 

Sulphate. 

Sulphite. 

Sulphonate. 


There is probably a similar relation between the sulpliinates and sulphites as that 
betwefm the sulphites and sulphates, for R. Otto and H. Ostrop found that sodium Ix^nzone 
sulphinate, ("gHg.SOg.Na, reacts with sodium hydroxide at 250 ^- 300 ^, forming sodium 
sulphite and benzene, a reaction which E. Divers interprets: CgHg.SOj.Na-fNaOH 
- ►C4Hg.Il f-NaO.SO2.Na, and he argued that the constitution of the sulphinate cannot be 
t/gHg.SO.ONa because of the formation of CgHg.SOj.Cl when treated with phosphorus 
jientachloride. The subject was discussed by W. Stret^ker and P. Spitaler. 


If sulphurous acid has the structure (HO)oSO, it might be expected that the 
alkyl sulphonic acids obtained by treating the sulphites with the alkyl iodides 
would have an analogous formula. This is probably not the case. Silver sulphite 
with ethyl iodide form t‘thyl ethylsulphonate which on hydrolysis forms ethyl- 
sulphonic acid analogous with the acid obtained by the hydrolysis of mercaptan. 
Accordingly, it has been argued that the sulphites are salts of an unsymmetrical 
sulphurous acid, viz.j HO.SO2.H. It is possible, however, that the formation of, 
say, potassium ethyl sulphonate, C2H5.SO2.OK, from, say, a symmetrical potassium 
sulphite, (K0)2S0, by the action of ethyl iodide, C2H5I, is due to the passage of 
quadrivalent sulphur in the sulphites to hexa valent sulphur in the sulphonic 
acids: 


KO 

KO 


> S--0 


Sulphite. 




KO 

KO ,S< 

CzHs' 



iQterraedlate addition 
product. 


KO 

C2H5/ 




o 

0 


Sulphonate. 



240 


INORGANIC AND THEORETICAL CHEMISTRY 


As shown by A. Michaelis, C. W. Blomstrand, G. A, Barbaglia, W. Sarow, and 
W. A. Dixon, there is unimpeachable evidence of the existence of symmetrical 
and asymmetrical ethyl sulphites. Symmetrical ethyl sulphite, (C 2 H 50 )o 80 , is 
a liquid of sp. gr. 1 - 1 () 63 ( 0 °), boiling between 150 ° and 158 * 5 ° (760 mm,), and it 
is a salt of the symmetrical sulphurous acid because it is formed by the action of 
alcohol on tluonyl chloride, SOCI2, or sulphur chloride, SCI2 ; the isomeric un- 
symmetrical ethyl sulphonate, C2II5.SO2-OC2H5, is a liquid with a sp. gr. 1 • 1712 ( 0 °), 
and boiling between 213 ° and 214 °, On hydrolysis with alkali (saponification) the 
equivalent of only one ethyl group is removed per molecule of the unsymmetrical 
diethyl sulphite or ethyl ethylsulphonate : C2H5.S02.0C2H5+K0H->C2H5.S02 t)K 
4-C2H50H ; whereas with symmetrical diethyl sulphite, two ethyl groups are 
displaced : (C2H50)2S0+2K0H-^(K0)2S0+2C2H50H, It is not unlikely that 
under certain conditions, and by the action of certain reagents, the position of a 
hydrogen atom in the molecule can change so that it behaves differently under 
one sot of conditions from what it does under another set of conditions. As a 
result of the roving or wandering of the hydrogen atom, when the attempt is 
made to prepare a compound by a likely reaction, another substance different 
from that which is expected is obtained although its chemical composition is the 
same. The phenomenon appears an exception to the rule of the constancy of 
structural arrangement. As usual, the supposed phenomenon has been given a 
name, tautomerism ( 0 . Laar)—from ravro, the same; fiepos, a part/- and also 
the alternative name, desmotropism (P. Jacobson)—from Sep-ds^, a bond ; rpcVeti', 
to change. A substance is said to he tautomeric or desmoiropic when it can react 
with other substances in siudi a way ihxt U appears to be a compound with different 
constitutional for mulcB. 

N. Bland and J. F. Thorpe propose to restrict the term tautomerism to those substances 
exhibiting tho phenomenon under consideration where one individual is not stable enough 
to bo isolattid in a free state ; and desmotropism to cases in which equilibrium mixtures 
of both forms are produced—which it may or may not be possible to isolate. Sulphurous 
acid may bo an example of the fonner ; and hydrogen sulphide of the latter. The term 
structural isomerism is applied to cases where both isomers are stable so that they can l>e 
isolated and do not form equilibrium mixtures at ordinary temperatures. The tenns are 
commonly em[)Ioyed in a general sense without any implication as to the particular type 
of desrnotropLsm, 


In any given sy.stem, the two desmotropic modifications of a substance are in 
a state of equilibrium which is so very sensitive to external influences that the one 
modification readily changes into the other. A desmotropic change is thus an 
intra-molecular phenomenon which lends itself to observation only under excep¬ 
tional conditions. It may be supposed that the position of a hydrogen atom in 
the molecule of sulphurous acid is labile, not rigid, because it can take up two 
different positions with respect to the other atoms. The change in the position 
of the hydrogen atom is accompanied by a change in the character of the linkages. 
In the present case, we have possibly : 


0 

O 


"oh 


0-:S' 


.OH 

OH 


This hypothesis is employed by H. B. Rasmussen and 8. Werner to explain 
aiiomaUes in the rate of alkylation of sodium sulphite. F. Raschig represented 
the formulae for sodium sulphite : 


O and 
Na 

Normal sulphite. Iso-sulphite. 


He said that the fact that the normal sulphites do not react witi nitrites is 
explained by dis sterische Behinderung or steric hindrance, meaning that owing to 
the central position of the sulphur atom in the molecule it is surrounded by other 
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atoms so that it cannot take part in reactions which it otherwise would do were 
it not so masked. He said that the asymmetric formula is supported by the 
formation of araidosulphonate in the reaction: NH20H.HCl+H,802.0Na 

--Fl204-HCl+NH2.S02.0Na ; at the same time, ammonium sulphate and nitrogen 
are formed. It is assumed that the sulphurous acid is mainly present in tin* 
tautomeric form H2 : SO2 : O, which, by replacement of the hydrogen atoms may 
form dia/midopermlphurk acid, (NH2)oS02 : O, which oxidizes two mols of hydroxyl- 
amine yielding nitrogen and sulphamide : (NH2)2S02 : 0 +-2NH2OH-~N24 3H2O 
1-(NH2)2S02, and that the sulphamide decomposes into ammonia and ainido- 
8 ulphoni(j acid. He estimated that in an aq. soln. of sulphurous acid, two-thirds 
is present in‘the asymmetric form and one-third in the symmetric form. The 
(litTerence of the two is shown by the reaction with chloroamide, wdiich in the 
former case yields sodium chlorosulphonate, and in the latter case airiidosulphonate. 

The existence of two distinct series of sulphites does not necessarily mean that 
there are two different sulphurous acids, for there may be but one stable configura¬ 
tion of the acid itself under the conditions of the experiment. Evidence of slow 
and rapid changes in the arrangement of the atoms in a molecuh* is not wanting. 
The passage of ammonium cyanate, NH^OCN, into urea, CO(NH2)2, is a trite 
exam]de. There is a small difference in the refractive index and sp. gr. of ethyl 
aeetoacetate when freshly distilled under diminished pre^sa. and after it has stood 
for some time : c,/y. the refractive index (0-line) and sj). gr. of the freshly distilled 
compound are respectively 1*4165 and 1 * 0244 ; and after standing 20 hrs., these 
constants are res])ectively 1*4171 and 1 * 0247 . This shows that some inter- or 
intra-molenilar change takes place on standing. 

As indicated in connection with the o]>tical properties of sulphurous acid, the 
work of C. S. Garrett showed that sulphurous acid may change in aq. soln. in 
accord with tlie .scheme: (n--l)Il20-GH2S03^S02.wH20. J. A. N. Friend, 
using dots to rejireseut what he calls latent valencies— 1 . 5 , 14 —and lines for free 
valencies, represented sulphur dioxide : 


--vide infra, sulphur trioxidt'. The latent valencies here mutually saturate one 
another, and there is little tendency to form hydrates; the equilibrium condition 
with water is represfuited : 


S + 
■() ' H 


s 

^ O 




This accounts for the instability of the acid, and the fact that its soln. exhibits 
the properties of the dioxide. 1 . Smedley applies the theory of latent valencies 
by n'pre.senting the constitution of sulphurous acid : 

OH 

S o 

uk 


H. Kemy discussed the structure of sulphurous acid. According to J. J. Thomson, 
sulphur dioxide is an example of intramolecular ionization—-tmie 4 . 27 , 4; and 
hyposulphurous acid. T. M. Low^y represented the sulphite radicle, SOs""; 

:(): O- 

: 0 ;S; 0 : ”*■ 0 --S+—O- 

il. Burgarth also discussed the electronic structure. E. B. R. Prideaux gave for 
sulphurous acid: 
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The physiological action of snlphiir dioxide. —F. C. Calvert found that a 
soln. 1 :1000 does not affect protoplasmic life or fungi. According to JVL Ogata, 
sulphurous acid under all conditions is a powerful poison; a soln. with only 
0'04 per cent, produced, after a few hours, a dyspnu*a and darkening of the cuticle. 
The injurious action is mainly on the blood where the absorbed acid is converted 
into sulphuric acid. This action was not observed with sulphites. Diluted blood, 
decolorized with sulphur dioxide, shows no spectral absorption bands. H. Kionka 
found that relatively small proportions of sulphur dioxide in the atm. proved fatal. 
Doses of 0 * 02 - 0-04 grm. of sodium Kulj)hitc injected into frogs })aralyze the heart 
the central, and to some extent the peripheral nervous 8y4Stem. Dogs fed on the 
salt, or on food preserved by its use, suffer from injuries to various organs, especially 
the lungs and kidneys ; there is local irritation of the stomach, and a fall of blood 
pressure, and hsemorrhages teml occur. The use of the salt as a preservati\ <• 
is most reprehensible. Jj. Griiiihut said that the comparative toxicity of sulphiti* 
soln. depends on the quantity of LH2^Ds]+[S02] contained therein. F. Franz 
and G. Sonntag found that sulphurous acid occurs in the urine after the adminis¬ 
tration of neutral sodium sulphite and formaideliyde, acetaldeliyde sodium sulphite, 
and dextrose sodium sulphite. In men, as in dogs, by far tlie greatest part of th(* 
injected sulphite is oxidized to sulphate- In certain cases, after intervals of ten 
minutes or a quarter of an hour, sulphites can be detected in the urine. The 
quantity was, however, never more than 1 per cent, of the sulphite administered. 
According to J. Konig and J. Hasenbaumer, a carp weighing 195 grms. and a 
tench weighing 48 grms. were not injured by 17-5 mg. of calcium sulphite per 
litre; but 2 (>- 3 () mg. of free acid and 30-50 mg. of calcium hydrosulphite are 
injurious. Goldfish are somewhat less sensitive. The trees in an atm. containing 
sulphur dioxide, as occurs, for instance, in the neighbourhood of smelting works, 
suff(T severely. According to J. Schroder, 3 ® the conifera) suffer more injury than 
ordinary foliaged trees. The number of stomata on the leaves bears no proportion 
to the amount of gas taken up. The sulphur dioxide disturbs the normal relation 
between absorption and transpiration of water, and the water taken up goes 
to the veins, and is not transmitted further. A decrease in the amount of the 
gas caused less disturbance in the amount of transpired water, though no simple 
proportion between the amount of the gas and of decrease was indicated. The 
amount of sulphur dioxide taken up by the leaves in the dark and with a lower 
temp, and moister air, is smaller and its injurious effects much less marked than 
in the light and with higher temp, and moister air ; therefore the same amount of 
sulphur dioxide in the air is much less injurious to plants during the night than 
in the daytime. The amount of sulphur dioxide absorbed by pine-leaves is 
smaller than that absorbed by trees witn ordinary foliage for equal surfaces, and 
as its (‘ffcct on transpiration is less in the case of the pine, the cause of the greater 
injury to pine trees in nature must be due to the longer duration of the leaves, 
whereby the injury accumulates in them, whilst in trees with annual leaves the 
hurt to one year’s foliage would have only an indirect influence on that of the 
following year. The alder, sycamore, ash, and especially maple, best withstand 
the action of smoke containing sulphur dioxide; next the pines suffer more than 
other trees, owing to the fact that, although their sensitiveness at first is less than 
that of other trees, their power of restoring lost leaves is much less. J. Stoklasa 
found that a small proportion of sulphur dioxide diminishes the carbon dioxide 
output of young pines ; and the larger the proportion of sulphur dioxide the less 
the respiratory activity. The pine needles show a bleaching of the chloroplasts. 
According to J. Konig and J. Hasenbaumer, the presence of sulphurous acid and 
calcium hydrosulphite in soils increased the total ash of plants and the percentages 
of potassium, calcium, and sulphuric acid in the ash. The same effect has been 
observed when plants have been exposed to air containing sulphur dioxide. In 
water-cultures, 50 mg. of sulphurous arid or calcium hydrosulphite per litre 
killpd the plants in a short time. According io A. ytdckJmrdt, in an atm. con- 
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taining sulphur dioxide, the destruction of the chlorophyll-grainB in wheat, 

oats, and peas, appears in a few hours; but, curiously, in a dilution of ^ no 
injury takes place. Cabbages, and all plants having large strong leaves, arc less 
affected. The fir tribe are far more susceptible to sulphur dioxide than deciduous 
trees ; of the latter, white-thorn, beech, birch, and fruit trees arc most affected ; 
poplar, alder, and mountain-ash least. Wood smoke has no injurious effect on 
vegetation, but the smoke of coal and of some kinds of turf is very prejudicial; 
the injury is due to the sulphur dioxide produced on combustion. The leaves 
and twigs of trees poisoned by coal-smoke contain an abnormal amount of sulphuric 
acid. R. R. Tatlock and E. T. Thomson stated that the mere fact that sulphates 
occur in plants in excess of those grown in a pure atm. is no proof that any damage 
was caused to the plants by the acids of sulphur. They conclude that such damage 
can be assumed only if the percentage of SO3 is considerably in excess of that 
normally present in the plants; and if, on wetting the surface of the plant with 
water and litmus, a leaf or other part of the plant shows an acid reaction. Yeast 
can be acclimatized to sulphur dioxide. According to G. Gimel, the adaption of 
yeast to sulphurous acid shows itself in its increased oxidizing power. A com¬ 
bination of sulphur dioxide with the yeast cells occurs since the percentage amount 
of sulphur in the ash of acclimatized yeast is greater than with ordinary yeast. 
The presence of potassium carbonate is favourable while that of calcium dihydro- 
phosphate is not. 

F. C. Calvert 37 found that the presence of sulphurous acid w ith 

albumen 2>revented neither the production of protoplasmic life nor fungi. Sulphur 
dioxide has been compared with numerous other disinfectants, and it has been 
found that many disease germs resist its action for a long time— c.g. E. Baierlacher, 
T. Bokoruy, T. Ohiaromonte, H. Dubief and I. Bruhl, V. Fatio, F. Hatton, 
G. Linnosier, A. Mehlhausen, A. L. A. Wernich, P. Miquel, F. Kavizza, H. Trembur, 
A. L. A. Wemich, and R. Wischin. The use of sulphur dioxide, and sulphites iu 
the preservation of food-stuffs has been discussed by H. Schmidt, C. Grimaldi, 
and A, Kickton. M. Jacoby and H. Walbaum condemned the use of sulphites as 
food preservatives. The sulphurous acid is liberated in the organism—chiefly by 
the gastric acid, and it produces paralysis of the central nervous system. The 
presence of sulphur dioxide in sulphited, or sulphureted wines was discussed by 
A. Hubert, W'. Kerp, J. Gautrelet, etc. 

Some uses of SOlphur dioxide. —The reducing properties of sulphur dioxide and 
of the sulphites are utilized in numerous chemical operations. It was recommended 
by R. Pictet^s for the liquid of refrigerating machines. A large amount of sulphur 
dioxide is used for the manufacture of sulphuric acid, and for acid sodium or calciuni 
sulphite required for the wood-pulp industry. Over half the wood used for paper¬ 
making is converted into pulp by the sulphite process. Suli>hite soln. under press, 
and at a high temp., acts on the lignin and other incrustating matters breaking 
them down into products soluble in the sulphite-liquor. It is also used as an anti- 
chlor in paper bleaching. It is used in the textile industries as a bleaching agent 
for wool, and to a limited extent for cotton and silk ; it is also used as a bleaching 
agent for straw, basket-ware, sponges, feathers, starch, etc. It is used for bleaching 
and dissolving the red phlobaphenes of tanning liquors and thus improves the colour 
of the leather—at the cost of the so-called solidity and weight of the leather. It is 
also used in the softening and deliming agents for hides and skins in tanneries. 
It is not employed so much as formerly as a disinfectant and antiseptic, thus it is 
employed in lotions for parasitic cutaneous affections, and in sanitary sciences as 
an after-fever fumigating agent; in combating vermin; and as a preservative 
and anti-fermenting agent in the food-canning industry. It is used as an anti¬ 
septic and bleaching agent in the manufacture of glue, gelatine, etc. It is used in 
the rubber industry to prevent premature coagulating of the latex between the 
time the Hevea rubber tree is tapped, and the latex reaches the coagulating tanks 
in the factory. It also retards the action of oxidases present in the latex which 
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would otherwise produce a discoloured rubber prone to tackiness. It is used for 
fumigating wine casks; and sulphur dioxide in any form is said to be advantageous 
in wine-making; for sterilizing fermenting vessels and as a germicide in the 
brewery industry ; there is an increased yield of glycerol and decreased yield of 
alcohol when sodium sulphite is present in a mixture of yeast and sugar, and the 
fact was for a time utilized in manufacturing glycerol. In the manufacture of 
sugar for decolorizing and sterilizing crude sugar juices and glucose, sulphites 
and bisulphites act sf)eoifically in (i) preventing fermentation and forming colour¬ 
less bodies which keep the juices in a state of reduction since oxidation products 
darken the colour of the cane-juices ; (ii) coagulating and precipitating albuminous 
and gummy bodies not affected by heat; and (iii) assisting filtration. It is used 
in the preparation of aldehydes ; perfumes, dyestuffs— e,g. for replacing the amido- 
groups of naphthylamines by hydroxy-groups; photographic developers for 
preventing the oxidation of the pyrogallol, hydroquinone, etc.; it is used directly 
in dyeing mainly because of its forming definite soluble compounds with the 
insoluble ketones— e.g. alizarine blue S, and alizarine green B. It is used as a 
stripping agent for dyed goods; in conducting sodium in some electroplating 
soln. ; as a pickling agent in electroplating; and in the manufacture of hypo¬ 
sulphites, and thiosulphates. 
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§ 16. The Alkali and Ammonium Sulphites 

J. S. Muspratt ^ passvd sulphur dioxide into cone. aq. ammonia until the ammo- 
niacal smell had vanished ; and added alcohol to the liquid. He thus obtained 
u mass of white crystals whicdi hud a feeble ammoniacal smell, and whose composi¬ 
tion was repre-seiited by the formula 6NH3.2SO2.5H2O, or (NH4)2S03.NH40H.H20 ; 
neither J, C. G. de Mari^niac, nor A. Rbhrig could obtain the basw salt —the product 
was the monohydrar<‘ (»f tin* normal salt. Anhydrous ammonium sulphite, 
(NH4)2S03, was prepared by R. de Forcrand, by h(‘ating the monohydrate for some 
hours at in a cnvrrnt of dry hydrogen ; P. J. Hartog, by evaporating the 

aq. soln. by heat ; an<l K. Divers and M. Ogawa, by keeping the monohydrate in a 
desiccator filled with anuimnia gas over fused potassium hydroxide ; and by heating 
dry ammonium thiosulphat(‘ in an atm. of hydrogen at 150 °. The salt seems to 
sublime at 150 °—presumably an e£Ee(‘t of dissociation and recombination which 
E. Divers and M. Ogawa call pscuUo-sublimnlion. A. F. de Fourcroy and L. N. Vaii- 
queliii passed sulphur dioxide thnuigh an aq. soln. of ammonia; combination occurr(‘d 
with a rise of temp. The soln. furnishes crystals of the momhydrate, which, accord¬ 
ing to J. C. G. dc Marignac, are U-st obtained by cooling the liquid, or by precipita¬ 
tion with alcohol, A. Kdhrig added that if the li([uid be not cooled during the 
passage of the sulphur dioxide, the teinp. may rise high enough to form the pyro- 
sulphite. Some writers atlirm and some deny that normal ammonium sulphite 
can be obtained by evaporation. E. Diveis and M. Ogawa said that a cone. soln. 
of the salt, charge<l with ammonia, will <leposit the normal sulphite on evaporation 
over potassium hydroxide at ordinary tiunp., and the moderately cone. soln. of 
ammonia, which must be used, has to be kept, vc'ry cold while passing in the sulphur 
dioxide. If a dil. soln. of the salt be evajiorated, most of the salt is decomposed. 
They recommended instead of evaporating the soln. to take advantage of its low 
solubility in the presence of such ammonia : 

A Boln. of ammonia of sp. gr. 0-895, containing 28 grnib. NH, per 100 o.c. is treated with 
sulphur dioxide, while the containing ilask is kept in motion in a mixture of ice and salt, 
the tube conveying the sulphur dioxide not dipping into the soln. The formation of a 



Fig, 55.—Solubility Curves of the System : 

at O'". (The dotted lino 
is the curve for 60°.) 

very little orange-coloured matter in the neck 
l»e easily removed after\% ards. When the soln. 
of the salt, the passing of sulphur dioxide is 



Percent Nti^ 

Fig. 56.—Equilibrium Conditions for 
the System : NHj-SOj-HaO. 


of tlie flask cannot be avoided, but this can 
has become pasty from deposition of crystals 
stop|»od. Even at the common temp the 
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crystals do not sensibly dissolve in presence of the excess of ammonia. The salt, drained 
on a tile under close cover, can be dried either by filter-paper or by a short exposure in the 
desiccator over potassium hydroxide or carbonate, salted just 
before with ammonium chloride so as to maintain an atm. charged 
with ammonia. The product is eq. in quantity to about one- 
fourth of tlie ammonia taken. 

P. de Lachoincttc passed an excess of sulphur dioxide into 
the ammonia, added more ammonia to convert the acid salt 
into the neutral salt and cooled the liquid for crystalliza¬ 
tion ; while R. de Forcrand passed the sulphur dioxide into 
the cone. aq. ammonia until the soln. was nearly neutral, 
and then cooled the liquid—he said that the product is 
(NH4)2S03.1 |Ho 0. E. Terres and E. Hahn found that the 
salt is only the monohydrate. They made a partial study 
of the ternary system : NH3-SO2-H2O. The curves at 0"^, 
20 ®, 40 ®, and GO® show a number of discontinuities, Figs, 
55 and 5 G, whieh do not correspond with any perceptible 
change in the solid phase. The only solid phases in equi- 

Jl'XV*, t , - - JLI1«5 CHJiU- ^ 1 1*1 /XTYT \ O/A TT /I 

bility of Ammonium librium with the soln. are the monohydrate, (JN 114 ) 2003 . 1120 . 
Sulphite in Water. and the hydrosulphite, (NH4)HS03, in the region 6 i excess 
sulphur dioxide, A selection from the results is shown in 
Table IV, where concentrations are expressed in percentages. The results for 
the four temp, are plott(*d in Fig. 5G. F. Tshikawa and H. Murooka measured 
the solubility of the salt between 1 . 4 ' and 100®. The transition point for 

(NH4)2S03,n20^-i(NH4)2S03-| H2O is The solubility data, expressed as 

S grms, of (NH4)2S03 in ICK) c c. of soln., are : 

- 1 73 — 12 * 90 ' -6 55 ^ 20 " 50 ' 80 90 ^’ 100 ° 

. . 4-691 28-865 30-62 32-40 37-80 47-26 58-89 60-00 60-44 


Solid Ice (NHp,S 03 .HaO 

The results are plotted in Fig. 57 . 





Table IV. —Isotherms of the Sy.stbm NHj-SO,-H,0. 


Solid Phase. 

SOj 

0’ 

Solution. 

1 ra, j(NH4)308! 

Excess 

so, J 

S 

60*. 

olQtlon. 

(NH4)3803| 

1 Excels. 


17-47 

1 9-66 1 

32-93 1 

0 

27-60 

1 16-21 

50-07 

i 0-53NH, 

{NH 3 ) 3 S 03 H 3 O . 

27-19 

i 10-74 

36-63 

6-99SOt 

34-16 ' 

15-40 

62-52 

6-1880, 

41-78 

1 13-44 I 

45-83 , 

1650SO, 

44-16 

' 16-61 

t 

56*64 

! 

12-9280, 

2 solids 

42*48 

1 13-28 • 

15-28 

j 17-5080, 

46-02 

! 10-96 

57*83 

i 2212SO* 


46-68 

12-66 1 

4317 

i 22 8780, 

46-99 

16-38 

55-87 

16*1980, 

(NHJHSOj 

49-70 

12-42 

42-35 

! 26-3480, 

63-29 

15-90 

54*22 

23*1280; 

63-46 

11-48 j 

39-H 

; 31-8780, 

66-27 

14-86 

60*67 

28-3280* 


14-40 

11-63 , 

26-11 

3-97NHa 

26-24 

16-13 

47*58 

218NHh 

(NH,),S 03 .H 30 . 

39-21 

39-86 1 

17-08 

1902NH, 

31-40 

27-66 

50*92 

10-87NH3 


15-00 

29-12 ’ 

27-19 

: 2M5NH* 

21-60 

24-70 

38*99 

13-36NH3 


J. 8. Muspratt passed ammonia and moist sulpljur dioxide into absolute alcohol, 
and allowed the mixture to stand two days before drying the product between 
filter-paper. A. Rohrig passed the two gases into a soln. of alcohol and ether, 
and obtained the sulphite as a sandy powder. B. Scheitz observed that some 
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sulpkite is formed in the ammoniacal liquid of a gas-works by the oxidation of 
ammonium thiocyanate; and R. F. Carpenter and E. Linder observed that a little 
is found among the products of the reactions in Claus’ kiln. In K. Burkbeiser’s 
process the ammoniacal gas from the gas-works, etc., is passed into acid ammonium 
sulphite soln. This salt is very soluble, and, as it is converted into the normal 
salt, (NH)4)2S03.H20 is precipitated. The process was discussed by E. Torres and 
E. Hahn. Patents on this subject were obtained by R, Laming, W. Marriott, 
W. C. Young, A. P. Price, A. McDougall, W. H. Deck, F. Wolf, P. Fritzsche, and 
J. and J. Addie. 

Aualyses of the salt in agreement with (NH4)2S03.H20 were made by J. S. JVlns- 
pratt, J. C. G. de Marignac, A. H. Rohrig, and P. G. Hartog. According to 
J. C. G. de Marignac, andC\ F. Rammelsberg, the tabular crystals of the monohydratc 
are monoclinic with the axial ratios a:b: c=l *5276 : 1 : 0 - 7832 , and^™ 97 '' 59 ', and, 
according to E. Terrca and E. Hahn, the crystals appear in the habit of long thin 
needles of rhombic section. The sp. gr. at 25 ^ is 1*4084 to 1 - 4124 . F. Ishikawa 
and H. Murooka gave for the sp. gr. of some sat. aq. soln. at 07 ^° : 

0 ^* 10 ’ 20 * 30 “ 40 “ 50 “ 00 “ 70 “ 80 “ 

Sp.gr.. M792 MK‘m 1-905 1-2097 1-2203 1-2300 1-2420 1-2558 1-271G 

J. 8. Miispratt said that the crystals are very deliquescent; J. C. G. de Marignac, 
tliat thev an* not so ; while K. Divers and M. Ogawa found that the salt deliquesces 
in air owing to the fact tliat it evolves ammonia and becomes converted into the very 
deliquescent ])}TOHiilphite. In a dry atm., the salt becomes anhydrous without losing 
ammonia. A. F, de Fourcroy and L. N. Vauquelin said that the salt has a fresh, 
])ungent, and rather sulphurous taste, forming, according to E. Torres and E. Hahn, 
a white powder of the sulphate. According to R. de Forcrand, the heat of formation 
of the solid salt is (SgQij(j,» 10 gjjH, 4 Hogj^,N 2 ga',)"--“ 216*44 Gals, j (Sjfab5dOgns»4H2gas,N2gft8) 
- 218 -(X) <^als.; (B 02 ,a,s, 2 NH 3 «,«,H 20 «u 8 )-“- 64-8 Gals.; (S02.oin. 2 NH^OHsoin.) 

-- 25 - 
Cals. 

Cals. 

one part of the anhydrous sulphite in 60 parts of w^atcr at 8°, R. de P’orcrand gave 
—■ 1*54 Cals.; for the crystals (NH4)2S03.1JH20, — 5-36 Cals. ; P. J. Hartog gave 
for the moiiohydrate, — 4*34 Cals, at 13 ° ; and for the soln. of 3*567 grms. of the 
monohydrate in 4 litres of an eq. of hydrochloric acid, — 7*46 Cals. R. de Forcrand 
gave for the heat of oxidation, ((NH4)2S03,0)— 66*4 Cals. If an excess of aq. 
ammonia be added to the aq. soln., ((NH4)2S03soin.,NH40Hsoin.)==0*46 Cal. 
G. Halphen observed that the electrolysis of the ammoniacal soln. furnishes 
the hyposulphite. According to A. F. de Fourcroy and L. N. Vauquelin, 
and J. S. Muspratt, the monohydrate volatilizes entirely when heated without 
forming sulphate, and during the action it evolves ammonia and water, and a 
sublimate of what is probably pyrosulphite. E. Divers and M. Ogawa found that 
when gradually heated in a slow current of nitrogen, at 90 °, the salt becomes moist 
and ammonia escapes ; and at 100°, both water and ammonia continue to escape for 
2 J hrs. When gradually heated to 120 °, the monohydrate becomes converted 
one-third into the anhydrous salt, and one-third into pyrosulphite, by loss of 
water and ammonia ; and then the nearly stable complex of these salts, with the 
other third of the original salt, becomes converted into the^ nearly anhydrous 
normal sulphite between 120° and 160 °, sulphur dioxide and w'ater escaping. 
The presence of water is essential to the occurrence of both changes; dry 
ammonium pyrosulphite partly sublimes as such at 150 °, and partly changes 
into sulphate and trithionate. If heated more rapidly in an open tube, the 
results will be those obtained by J. S. Muspratt, for then water is more quickly 
expelled, and some pyrosulphite can be deposited as a sublimate. A. Bineau 
stated that at 134 °, the salt blackens mercury without giving ofi gas. A. Miolatti 
and E. Mascetti measured the effect on the conductivity of progressive addi- 
VOL. X. s 


4 Gals.; (NH4HS03^oin.,NH40Ha„in.)-21*24 Cals.; { 2 (NH 4 ).>S, 302 }=~- 301*2 
; ((NH4)2S03.ohd,H20,icpid)=3*82 Cals.; and 
M. Berthelot gave {2NH3aoin ,H2S03)=--29*(X) Cals. For the heat of soln. of 
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tions of 0-02iV-aIkali to sulphurous acid of such a strength that 5 c.c. of acid is 
completely lu'utralized by 33*5 c.c. of 0-02A"-aIkali with methyl orange as 
indicator. Those results, illustrated in Fig. 58, agree with 
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the existence of hydrosulphite and pyrosulphit e. J. S. Mus- 
pratt said that the aq. sola, reacts alkaline; and J. 8 . Mus- 
pratt, J. C. G. de Marignac, and P. de Lachorneite observed 
that the salt is slowly oxidized in air; P. J. Hartog, that 
the dry salt oxidizes more quickly than wlum moist ; and 
1 (. de Forcrand thought that the alleged hydrate, (Nll 4 ).> 803 . 
IJILO , is less oxidizable than the monohydrate. Probably 
the hyilrate of R. de Forcrand is the imperfectly dried 


Fig. 58 .—Effect monohvdrate. J. 8. Stas said that the salt is stable in the 


of the Frogres.'iivo 
Addition of Alkali 
on the Condiic- 
tivity of Sulpiiur- 
0118 Acid. 


presence of an excess of ammonia if oxygen be excluded. 
A. F. de Fourcroy and L. N. Vauquelin found that nitric 
acid converts the salt into ammonium nitrate and sulphite 
with th<' evolution of nitric oxide, and sulphur dioxide. 


At 12^ tlu' salt dissolves in its own weight of water, and 
it is still more soluble in liot water; ammonia is evolved when the aq. soln. is 
boiled. H. Stamm studied the solubility of the salt in aq. ammonia, and found 
that solii. witli 0*019, 1*408, and 3*530 mols. of NH 3 per 1(X) grms. of water 
dissolve respectively 0*500, 0*170, and 0*033 rnol. of {NH 4 ) 2 S 03 , E. Terres and 
E. Hahn found the jiercentage solubility of the salt in water to be 32*9, 30*5, 42*5, 
and 50*0 jht cent. (NH 4 ).jS 03 respectively at 0 ^, 20°, 40°. and 00°. The partial 


press., p mm., of tlie soln , expressed in C gnus, of (^" 114)2803 per 1(X) c.c. of 
soln., are: 


{(' . . 7 42 

I il’otul . 17-325 

Iso, . 0-OlG 
. 0-01 
^ (H/) . J7*30 


I r . . 10 53 

(Total . 54*739 

^ SOa . 0-009 

^ KH, . 0 54 

IH,0 . 54*19 


( C . . 9-48 

(Total . 137 229 
ISO 3 . 0-029 

^ NHs . 3*20 

(HgO . 134-00 


15 51 

21-28 

17*020 

10.861 

0*030 

0-031 

0 10 

0*18 

10*89 

10*06 

19*12 

20*51 

55*274 

55-708 

0024 

0-038 

M5 

2-00 

54-10 

53*61 

21-00 

30-10 

141*937 

146-759 

0*037 

0-069 

8-40 

13*80 

133 50 

132 9 


29-70 

44-19 

16-747 

10-28 4 

0-047 

0 004 

0*30 

(851 

10*40 

15 70 

35 13 

45*78 

50*349 

50*728 

0069 

0*098 

3*08 

3*88 

53*21 

52 75 

42*57 

46-06 

149*599 

150*110 

0*099 

0*110 

18-30 

19 5 

131*20 

130 50 


The results show that the partial press, of ammonia and of sulphur dioxide over 
soln. of ammonium sulphite are almost linear functions of the concentration ; the 
values for ammonia are much higher than the corresponding values for sulphur 
dioxide, but both are sufficiently .small, even at 40° and over cone, soln., to permit 
a practically quantitative removal of either constituent from a gas by washing. 
J. S. Muspr.att said that the salt is slightly soluble in alcohol; and J. L Pierre, 
that it is more soluble in alcohol than potassium sulphite. W. Eidmann, and 
A. Naumanu found tiie salt to be insoluble in acetone ; and A. Heynsius, that it 
precipitates cgg-albuinen completely from its soln. M. Prud’homme showed that 
zinc reduces ammonium sulphite to tlie hyposulphite. J. S. Stas observed that the 
salt separates odine from ammonium iodide or from iodic acid, and in the last case 
some sulpliur is formed, F. Ishikawa and H. Murooka observed no evidence of 
the formation t f a chemical comjiound between ammonium sulphate and sulphite 
in aq. soln. between the eutectic point —21*5° and 100°. No solid soln. were 
observed. 
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W. Eidmaiin, and A. Nauuiaau seem to Jmve had the idea that ammoilium 
hydrosulphite, NH 4 HSO 3 , ran be obtained. IC. Torres and E. Hahn obtained 
the solid under the conditions indicated in Figs. 55 and 50. The crystals are 
hexagonal prisms. They form a white powder of sulphate wlicn exposed to air. 
The solubilities at 20 ^ 40'", and 50^ are respectively 72*8, 71*5, S{)- 5 , and 80-1 
per cent. E. Terres and A. Ileinsen represented the mutual solubilities of 
ammonium sulj)]iate and sulphite ])V the curves, Fig. 59, and those of aTinn uiluni 




Fia. r>9. —Mutual Solubilities of Am- 
moinum Sulphate and Sulphite. 


Kio. 00 -Mutual Solulaiitics of Annno- 
nium Sulphate and 11} drosnljiliitc'. 


sulphate and hydrosulphite by the curves, Fig. 50. In tlie latter di.igr.mi, tin* 
dotted curves refer to soln. also saturated with suljihur dioxide. Tso (*om]d(jx 
salts are formed. 

E. Terres and A. Heinsen found tliat the speed of oxidation of soln. ot 
ammonium sulphite or hydrosuljddte is reduced with increasing concentration 
of the soln., and hence inferred that the oxidation process is mainly (*oncern<‘(l 
with the ionized salt. The rate of oxidation of the hydrosul]>hite incTeasc^s with 
a rise of temp, more quickly than is the case with the suljihite. A tiunj). of 
to'" to 50*^ was found to be most suited for the oxidation of the soln. The air 
oxidation of the hydrosulphite is catalyzed by lead dioxide, but m> catalyst has 
yet been found to accelerate the air oxidation of the sulphite. If <7 denotes the 
barometric press, less the partial press, of the ammonia and sulphur dioxide, and 
X the monometric reading in the time i, then the speed of oxidation, with a 
constant mass of sulphite, corresponds with 


The value of h decreases with a decrease in the cone, of the oxygen, and an 
increase in the cone, of the sulphite. 

A. P. Sabaneeff and W. Sperausky obtained silky needles of hydrazine sulphite, 
(N 2 H 4 ) 2 H 2803 , by neutralizing a soln. of the pyrosul])hite with liydraziue hydrate, 
and evaporating the liquid in vacuo over sulphuric acid. F. Ejihraim and 
H. Piotrowsky also obtained indications of the formation of a hydrazine snlphite 
by the action of hydrazine on thionyl chloride [q.v.). 

A. Rbhrig passed sulphur dioxide into wat^^r with lithium carbonati» in 
suspension, heat is developed and a yellow liquid is formed. Kcedle-lik(‘ crystals 
of monohydrated lithiom sulphite^ LioSOa-HoO, an* prodma d by evaporating the 
soln. on a water-bath, or over sulphuric acid. Alcohol precipitates a wliite, granular 
mass of the monohydrate. 

J. A. N. Friend and D. W. Pounder obtained the anhydrous salt as a white 
I^owder by passing a mixture of sulphur dioxide and hydrogen into a cream of 
lithium carbonate and water until effervescence ceases. The jiroduct is then 
heated in a turrent of dry hydrogen at 18(r to 2(X)' until the anhydrous salt is 
formed. It melts with partial decomposition at 455', and some* lithium sulphide 
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IS forjued in accord with A. Jiolirig's c(|uatioii: -JLioSOa ~ 3 Li 2»^04 | Li^S. ]f 
alcohol or ether be added to a strongly acid soin., A. Rdhrig said that the (hhydrate^ 
is formed ; but J. A. N. Friend and D. W. Pounder could not 
prepare the dihydrate. J. Danson had previ(uisly reported a hcxahydrate, 
Li 2 S 03 . 6 H 20 , to be precipitated by adding alcohol, or boiling the soln., but this 
has not been conlirmed. No lithium IhfdrosulphUe, LiHSO^, has been obtained ; 
hut J. A. N. Friend and D W. Pounder prepared some of its derivatives with 
ac(don(‘, acetaldeiiyde, and benzaldehyde. A. Rolirig reported soluble lithium 
sodium sulphite, 6LioSO3.NaoSO3.8HnO; and lithium potassium sulphite, 
LiKSOa.pioO. 

L. Coniglio - found traces of alkali .sulphitt's in the products of the normal activity 
of V(»suvius. A. F. dc Fourcroy and L. N. Vaucjiudin ]ireparcd sodium sulphite, 
Na 2 S 03 , by passing sulphur dioxid(‘ through a soin. of sodium (‘arbonate until the 
carbon dioxide is driven off, and e\aporating the soin. out of contaet with air. 

F. Rammelsberg saturated a sola, of sodium carbonat<' with sulphur dioxide, 
added to that an ecpial amount of sodium rarlHjnate, and evaporated t]u‘ liquid for 
crystallization. S. L. Shenefield and co-woikers ]>nq)are(l }iepta]iydrat(‘d sodium 
sulphite free from sulphate })y the following ]>rocess : 


Carefully puriBed sulphur dioxide wa.H pa'^MMl ui(<» a of sodjuin earhonato to BatiirU' 
tion, the i-cuvusito amount of sodiuin (uihouati’' jirhl^d to transform tlio resultant 
sodium hydrosulphito into tlie iKumul sul[>hate, and th^' M>hi. rooled to O’, wlieroby u 
crystalline meal of the lieptahydrato nhtametl. AH the oj^'rationB slionld ho earriod 
out in the absence of ow^en and th«* <lam}i cn '^tais mil be five irurn sulphate. The crystals 
oxidize when kept in an atiii, tree tioia ox^\gcn ; this js attributed to autrixidation. 


According to C. Schultz-Hcllack, the salt separates from strongly alkaliiK' sola, at 
ordinary temp., and on W'arming a saturated muitral soin. M, BertlH*Iot saturated a 
soin. of 100 gnus, of sodium hydroxide, in 100 <* e. of air-free watiu*, with sulphur 
dic/xide, ami then added 100 grniB. nf sodium hydroxide dissolve 1 in as little wai(‘r as 
possible. The solri. was (*vaporated m va( uo. P. J. Hartog used a similar proctxss. 
E. i^riwozuik converted a s(dn. of sodium tliiosulpliate into one of sodium sulphite 
by treating it with copper. R. Pavelle and E Sidler heated dry sodium hydro- 
.^iiljiliite with the calculated (|uantity of the' hydrocarbonate ; ci. Tauber heated 
sodium siiljdiite ; and E, Dresel and J. Lenhoif passed an excess of ammonia under 
jiress. into a soin. of the calculated proportions of sodium chloride and ammonium 
sulphate, at 15^, and obtained anhydrous sodium sulphite as a precipitate ; and 
J. Kraiiz by the action of sulphur dioxide 011 sodium fluoride and gelatinous silica : 
()NaF-^-Si 02 f 2 SO 2 —Na 2 SiFe+ 2 Na 2 S() 3 . H. Blumenberg treated borax with 
sulphur dioxide wdien boric acid is precipitated and sodium hydrosulphite is formed. 
The preparation of the commercial sulphite is described in E, Hchiitz, Die Darstellung 
von Bisuljiten und SuJfiten (Halle a. 8 ., 1911). 

E. Mitscherlich said that sodium sulphite dissolv(‘S copiously in water at 
33^ and the solubility decreases with rns^ of temp., so that, as C. F. Rammelsberg 
observed, the soin. saturated in the cold deposits the salt when warmed. P. Kremers 
observed that 100 parts of water at O'" dissolve 14*1 parts of salt; at 20 °, 25*8 parts ; 
and at 40°, 49*5 parts, but his salt wm not of a high degree of purity. A, F. de 
Fourcroy and L. N. Vauquelin gave 21*80 for the percentage solubility at 100°. 
Solubility determinations were made by H.B. Hartley and W. H, Barrett, N. B. Lewis 
and A. C. D. Rivett, D. L. Hammick and J. A. Currie, and by P. Forster and 
eo-workers. Analyses of the salt deposited in the cold were made by A, F. de 
Fourcroy and L. N. Vauquelin, J. C. G. dc Marignae, C. F. Rammelsberg, H.B. Hartley 
and W. H. Barrett, and A. H. Rdhrig showed that the heptahydrate, Na^SOs.THgO, 
is produced. C. F. Eammelsberg’s formula NagSOg.GHgO should in all probability 
be Na 2803 . 7 H 20 . J. S. Muspratt reported the formation of a decahydrate, 
Na 2 S 03 . 10 H 20 , said to be less soluble than decahydrated sodium carbonate. 
C. Hchultz-Sellack, A. Rdhrig, and H. B. Hartley and W. H. Barrett were unable 
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to confirm the existence of the decahydrate although the observations of H. Traube 
on the solid soln. of decahydrated sodium sulphite and carbonate make it pro¬ 
bable that the decahydrate can. exist under exceptional circumstanre^s. Expressing 
the solubility, S, in percentages, H. B. Hartley and W. H. Barrett obtained for the 
stable system : 


- 3 5® - 2 77® 

-0 76® 

2“ 

6 9® 10 6® 

21 6® 

47" 60 i0° 

S . . IMl 4-01 

2-1 

12-91 

14-98 16-68 

21-91 

2!-90 2205 

Solid pliasf* Icp 



Najf86.v7H30 


XaaSoT" 


The ice-curvo cuts the solubility curv(‘ at the eutectic —3*5'', and th(‘re is a traiisilion 
temp, in the neighbourhood of 21*6® or 22*1®. The transformation is very sluggish 
since O-S"' above that tem]>. only 0*1 })er cent, was clianged in 20 lirs. The transition 
temp, was found by F. Forster and co-workers to be 33-4'', and they obtain<Hl for 
the solubilities in grams Na 2 S 03 per 100 grms. of soln.: 

-1*3^ 0® 0 20° lihOO° 2C‘85‘* 33 lO' 35 C’ 40 0“ 00 4“ 07-0' 

iS' . . 11-25 12-54 I5-00 20-82 21-32 28-00 27-70 20-10 24-00 21 32 

The eutectic temp, is - 3-15", Tin' results are p]ott(‘d in Fig. 61. H. B. Hartley and 
W. H. Barrett found that the conditions under which ice and salt separate spontane¬ 
ously from su}>ersaturated soln. are summarized by 
the lower ('urv(‘ of Fig. 61. There is a hyjicrtectic 
])oiut at alxuit ~ 0-2. In no cas(‘ is therci any evi¬ 
dence of the spontaiK'ous ervstallization of any 
hydrate otlier than NaoHOj.71(^0. IS. B. Lewi.s and 
A. (\ 1). Rivett gave 31*5' for the transition teni]). ; 

H. B. Hartley and W. H. Barrett, 22^ ; F. Forster 
and co-workers, 33*4'; K. Arii, 33-6 : and 1). L. Ham- 
mick and J, A. ChirT-ie, ]>etween 25*^ and 32 . 

1). L. Hammick and J. A. Currie studied the ternary 
system: NaoSCtpNaOH-HoO at 0*15'', 20'“, 25 , and 
32'\ The results for the two extreme temp, are 
summarized in Figs. 62 and 63. At U-15^, the solu¬ 
bility of the suljihite in })resence of excess of vSodium 
hydroxide is very small, and the co-existing solid 
phases are sodium sulpliite heptahydrate, anhydrous 
sodium sulphite, and sodium hydroxide tetrahydrate. 

The isotherms at 20" and 25^' are very similar except that sodium liydroxide mono- 
hydrate replaces the tetrahydrate. At 32", however, the sodium sulphite hepta- 



^rdms Afa^SOj per f00grm soiution 


Fig. 61,—Solubility Furves 
of Sodium Sulphite. 


H,0 



Fio. 02.—Equilibrium in the Ternary 
System : NasSOj-NaOH-HsO at 0-1 ^>^ 


H,0 


A 



Fio. 63.—Equilibrium in the Ternary 
System: Na^SOa-NaOH-HjO nt 32^ 


hydrate is no longer formed, in agreement with the value 31-5° found by N. B. Lewis 
ftttd A. C. D. Rivett for the transition temp. Na 2 S 03 , 7 H 0 ?^Na 2 S 03 , but con- 
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trary to tlio value 22*^ found by H. B. Hartley and W. H. Barrett. The din- 
rre])an( ies are ]K)ssibly due to the existence of anhydrous sodium suljAiite in 
more than one inetastable phase; and to the fact that the low transition temp, 
of H. B. Hartley and W. H. Barrett refers to the most stable form of the anhy¬ 
drous sul])hite. In Fio. 02, soln. within SI are in equili})rium with the hejda- 
hydrate ; ami those witliin III are in equilibrium with the anhydrous salt. The 
point H lies verv close to the side ILO —NaOH, which means that the solubility, 
of sodium sul]>jHt(‘ in an excess of soda-lye, is very small. The ])oint II represents 
soln. of the anhydrous sidj)hite in (‘quilibrium with tetrahydrated sodium hydroxide. 
At 32‘\ he]»tahydrated sodium sulphite no longer appears. L. Wohler and 
.1. Dierksen found the mutual solubility of sodium sulphite and suljdiate to be : 

23^ 40“ 00" SO’ 

Xa-.S04 y r):) l 8 -t 8 34*21 14 per com. 

NalSO^ . iH*2r» lOoU la-15 

Observations wwv also made by N. B. L(‘wisand A. ( \ J). Kivett, who also found that 
anhydrous sodium sui|)hit(‘ and suIj>hHte can fortn mixed crystals of varying 
stabilities, there being three, and jiossibily four, distinct 
inetastabh' s<‘rii‘s at and 37-5'^. A study of the ternary 
.syst(‘m at temp, at whicli only anhydrous phases can exist 
is summarized in Figs. 65 and 66. There are 5 solubility 
curves, J, Zf, f/, />, and E corresponding respectively with 
mi.ved erystals Aj. Sji^ Sc, Sp, and >SV;. The phase is 
very short, indicating that the sulphite does not mix freely 
with the sulphate in soln. containing a high proportion of 
sul{)liate ; with soln. above 10 jkt cent, of sulphite, there 
i.s a break and the phase Sj{ appears. The phase Sc is 
not <‘xt<‘nsiv(*, but is greater at 40^ than at 60*^. xS'/> is 

m<‘tastable with nvspect to Si ;; and the phase Sd is ricluT 
ill sul])hate than S^. 

P, J. Hartog show<‘d that the anhydrous salt furnishes 
short, hexagonal, ]>ri.smatic crystals^ whicli were found by H. B. Hartley and 



Fia. 04.—MutimJ Solu- 
lulity of Sodium Sul- 
pliit© and Sulphate. 



Fh;s. 05 and 00.—T3ie Ternary System : Na2S03~Na2804-Ha0. 


W. H. Barrett to be terminated by a basal plane and pyramidal faces ; they are 
]»robably holohedral, with the axial ratio a : c~l : 1*1240. The Cleavage parallel 
to the basal plane is ])erfect. The crystals are strongly birefriiigent, and cleavage 
fragments sliow a uniaxial figure of negative character in convergent light. 
The crystals of the heptahydrate were shown by C. F. Rammelsberg, J. C. G. de 
Marignac, apd A. des (>1oizeaux to be monoclinic prisms with the axial ratios a :b:c 
=1*5728 * 1 : 1*1694, and ^=93^ 36'* H. Traube observed that this hydrate 
forms mixed crystals with heptahydrated sodium carbonate. H. B. Hartley and 
W. H. Barrett found the specific gravity of the anhydrous salt to be 2*6334 at 
15*4''; and tliey gave 1%>939 for that of the heptahydrate at 15 . II. J. Buignet 
found 1 *561 f(u the sp. gr. of the hydrated salt. H. G. Greenish and F. A* U. Smith 
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gave 1*21 for the sp. gr. of a soln. sat. at 15^^. A. F. de Fourcroy and L. N. Vau- 
quelin, and C. F. Kammclsborg observed that the hydrate loses water when heated 
below 150° without thereby melting; and at a higher temp., it melts to a 
yellowish-red mixtun' of a mol of sodium sul})liide, and 3 mols of sulphate. 
H. R(‘ek discussed the efflorescence of sodium sulphite. D. N. Tarassenkof! 
found that the percentage change in weight, Sie, of the heptahydrate in an atm. 
with the press, of water vapour is j> mm., at 15°: 


7 > . 0-20 

$U’ . -49-58 - 49-23 

and with tlie anliydrous salt: 

jj . 9-00 0-2 

Sta . 0 0 


9 00 9-45 10-05 (22-7 per cent. HJJSO 4 ) 

-5-85 +0-18 { 0-53 i 0 (i2 


22-7 per cent. H 2 SU 4 


9-7 

28 days 
+ 7-33 


10-05 

38 days 
57-93 


3 days 
39-58 


60 days 

103-r>8 


while the vapour pressure, p mm,, of the h<‘ptahydratc is : 

U' 30" 37" 40" 50" 

p . 2 3 12-S 25 37 47 82 


60’ 70" 

132 209 


K. Arii mea.sured the vap. ])ress. of these systems, and found the transition temp. 

-lieptahydrate to anhydride—to be 33-6°. He gave log p- 10*65647—271)7*121''"^ 
for the system NaoSO.j.TtLO - Na.SO-j; log p-8*50733-2138-23J“i for a sat. 
soln. and Na;^803.7H2d , and log p 0-()4857—2304*20r“^ for Na2H03 and a sat. 
soln. F. Forster aiui K. Kubel observed that the thermal decomposition of sodium 
sulphite at 600' may bo r(‘proserit(‘d : 4Na2S0:j^=^3Na2S04-j Na^S ; but above 900° 
the reaction Na2S03 - Na20-j 8O2 disturbs the equilibrium. The equilibrium is 
not completed in 2 lirs. at ]2(K)\ The rate of decomposition increases rapidly 
between 600° and 7(K)°, but only slowly between 7tK)° and 8(X)°. M. Picon found 
that anhydrous so(liu]n sulphite, in vacuo, at 700", i.s rapidly converted into sulphate 
and sulphide : tNa2»S03 3Na2804-( Na^S. In air the anhydrous thiosulphate 
is stabU* at ICX)"" for 15 days, but at 120° slow decomposition (complete in one 
month) into sulphate and sulphur dioxide occurs. Since the salt always contains 
traces of sul])hur, the })riiiiary d(‘Composition is probably into sulphur and 
the sulphite, atmospheric oxidation converting the latter into sulphate and 
sulphur dioxide : Na2S203~} 30“-S02+Na2S04. K. de Forcrand gave for the 
heat of formation (S,36,2Na)^ 130*5 Cals. ; (S02^as-Na20soiu.)=="^5*75 Cals.; 
SO2 (64 grms. in 4 litres) and Na20 (31 grms. in 2 litres) gave 30*56 Cals, ; 
and (NaHS03soinoNa20.,oiii.) -13*92 (^als., while J. Thomsen gave 13*1 Cals. 
K. de Forcrand gave for the heat of solution of the heptahydrat(‘ — 5 55 Cals, at 10°, 
using a gram of the salt in 35 parts of water. P. J. Hartog gave for the heat of soln. 
of the anhydrous salt in 50 parts of water, 2*71 Cals, at 18°. V. J. Siiivoncn found 
maxima in the reflection ultra-red spectrum at 10*67.1 and 19*5/x. K. Barth found 
that the electrical conductivity of aq. soln. agrees with the assumption that the salt 
furnishes 3 ions: Na2803^2Na'+S03" ; and for the molecular conductivity at 
25°, he gave for a mol of the salt in v litres of water : 

V . 0-25 0-5 1-0 2-0 4-0 8-0 IG-O 32-0 (>4 0 256 1024 

M . 27-5 39-0 50-6 00-1 08-4 75-0 82-3 89-0 95-0 103-8 107-5 


Sodium sulphite has a fresh taste, which afterwards appears sulphurous ; and 
it turns red litmus blm*. J. Obermiller measured the hygroscopicity of the salt. 
The anhydrous salt is stable in dry air : and A. Liirnierc and A. Seyewetz said that- 
it is not changed in air at 1(X)°, but in moist air it is rapidly oxidized at 15 \ The 
aq, soln. oxidizes more readily the less its concentration so that with a 20 j>er cent 
soln. the rate of oxidation is negligibly small. 8. L. Bigelow also noticed that the 
curves representing the cone, of the soln. with time are straight lines until a cone. 
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of 0 ‘() 02 A’-Na 2 S 03 is attained when they rapidly bend downwards, indicating a 
marked decrease in the speed of oxidation. This is explained by assuming that the 
velocity constant of the reaction is large, so that until the cone, of the soln. is small, 
oxygen is removed from the soln. faster than it is absorbed. He also found that 
small quantities of organic compounds—mannitol, alcohols, glycerol, aldehydes, 
ketones, and ethers—act as negative catalysts in slackening speed of the oxidation; 
oxalic acid has very little effect. E. Saillard found that the oxidation of sulphites 
to sulphates is retarded in sucrose soln., the amount of retardation being tlie greater 
the greater the cone, of the sucrose. Rise in temp, increases the velocity of change. 
Invert sugar has approximately the same effeet as sucrose. Nitrogenous substances, 
for example, asparagine, aspartic acid, glutamic acid, and potassium lactate, also exert 
a retarding action, whilst sodium chloride has no effect. S. W. Young observed the 
retarding influence of alkaloids ; and H. S. Taylor, of tsopropyl, secondary wobutyl, 
and benzyl alcohols. The subject was studied by W. P. Jorissen. A. and L. Lumiferc 
and A. Seyewetz applied the term anti-oxidizing agents to those substances— 
negative catalysts—which retard the rate of oxidation of aq. soln. of sodium 
sulphite. 

U'he following anti-oxidizing agents are arrangetl in order of decreasing activity: quinoJ, 
p^amtnophenol hydrochloride, glycine, p-phenylenediamine, catechol, meiol, rnelaquinom, 
dianvinophenol hydrochloride, adurol, edinol, and eikonogen. Acetone behaves in the reverse 
way. The effect is independent of time, temperature, light, and tlio concentration both 
of the sulphite and the anti-oxidizing agent, but is duninished by the addition of alkaline 
substances, acetone or formaldehyde. The action appears to be catalytic in character. A 
soln. of sodium sulpliite may be preserv'ed for a prolonged period by the addition of a 
small quantity of one of the more active anti-oxidizing agents. 


A. Titoff showed that the speed of oxidation is really very slow^ unless stimulated 
by the presence of a catah’tic agent. Copper sulphate has a marked action and the 
effect is approximately proportional to the amount of catalyst present, less marked 
are the effects with silver nitrate, gold chloride, potassium dichromate, manganese 
and ferrous sulphates, and potasMum chloroplatinate. The speed of oxidation is 
retarded by stannous and stannic chlorides, sodium nitrate, mannitol, jiotassium 
cyanide, and substances which form complexes with copper salts. The reaction is 
of the first order, and is wdthin the limits of experimental error, independent of tin* 
cone, of the oxygen. W. Reinders and S. I, V16s confirmed the results of A. Titoff, 
and they showed that cupric and ferric ions exert a maximum catalytic activity 
when the H’-ioii concentration is between jPn—4 and pH=12. Nickel and cobalt 
ions are active only in alkaline soln. In ammoniacal soln., no oxidation occurs 
except in the presence of copper salts; the reaction is then unimolecular, and 
proportional to the cone, of the copper catalysf—the cone, of oxygen has very 
little influence on the result. F. 0. Rice added that if the reaction with respect 
to sodium sulphite is unimolecular, the process requires the production of atomic 
^^cygen or else it is either bimolecular with respect tf^ sodium sulphite, or a 
heterogeneous reaction. He showed that if the air be thoroughly freed from 
dust, it is not affected by oxygen during several hours’ action. Copper alone 
has no catalytic activity because the sulphite soln. may be freed from dust by 
precipitating in it copper hydroxide; the resulting clean soln. does not oxidize 
in the presence of oxygen. It is therefore inferred that the oxidation of sodium 
sulphite is a dust reaction, and that the walls of the containing glass vessel have 
a negligible effect. C. Moureau and co-workers studied the catalytic action of 
sulphur on the autoxidation of sodium sulphite. N. N. Mittra and N. R. Dhar 
found that the oxidation of sodium sulphite by atm, air as a primary reaction is 
accelerated in the presence of sodium nitrite, potassium oxalate, ferrous ammonium 
sulphate, sodium arsenite, manganous, cobaltous, or nickelous hydroxide, or sodium 
thiosulphate as secondary reaction. W. P. Jorissen and C. van den Pol found that 
sodium sulphite docs not induce the oxidation of sodium oxalate and nitrite by air 
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or oxyccu under ordinary conditions ; sodium sulphite does not induce the oxida¬ 
tion of the arsenite when the alkalinity of the soln. is too great S. Miyamoto 
found that the presence of stannous hydroxide m alk«hne soln. inhibits the 
oxidation of sodium sulphite in air. C. Mouxeau and C. Didraisse found that the 
prcHenoe of many sulphur compounds accelerates the oxidation of sodium sulpiute 
vide supra, the oxidation of sulphur. E. Divers and T. Shimidzu agreed with 
the view that the sulphites are oxidized by a reaction : 


NaO^ 


SO-H H 2 O 1 o.- 


NaO 

NaO 


>S02 1 H 2 O 2 


U. -Al. Purkayo.stha and N. H. Dhar said that the reaction is semi-molecular. 
Na.,S 0 ,d- 0 --='Na..S 04 . T. Sahalitschka and G. Kubisch found that the solid deposit 
which separated In a bottle in which sodium hydrosulphite soln. had been stored 
consisted of crystalline sodium sulphate and a small quantity of free snip lur, w 11 s 
the drees of the soln. contained sulphurous acid, sodium bisulphate, and sodium 
sulphate. E. Isuard found that when an old sojn. of sodium hydrosiilphite was 
added to a soln. of sodium thiosulphate, there was a precipitetion of suipni^ 
slight evolution of hydrogen sulphide as if a mineral acid had been added, ine 
bottle containing the'old soln. had a crystalline mass at the bottom, and on top ot 
this a layer of sulphur, and the acidic liquor had a slight smell of sulphur dioxide. 
Presumably the hv<lr<.sul].hite had been partiaHy oxidized to sulphate and hydro- 
sulphate ; then followed the reaction SNaHSOs—Na 2 S 04 +NaHS 04 -r b+D 2 Y > 
a little sodium sulphide is also formed and remains in a state of equilibrium m ttie 
aci<lic soln. When t his soln. is added to sodium thiosulphate, sulphur is precipitated, 
and tl.c sulphur dioxide reacts with sodium sulphide, hberating MroK"! 
3SO.,-4-2Na..S i ^lliG- 2 NH 2 S 04 -f 2 H 28 -I-S : or 2 S 02 -l- 2 Na 2 S-f 2 H 20 -^ 2 Na 2&03 
-f 2HoS; or else Na 2 S. 208 -l- 2 NaH.S 04 -[-H 20 =H 2 S-t- 2 NaHS 04 d-Na 2804 . The 
oxidation of suliiliite soln. was also studied by S. Miyamoto. , , t v 

Acconiing to E. H. Kiesenfeld and T. F. Egidius, a neutral soln. of sodium 
sulphite reacts with ossone, forming sulphate and dithionate. A. Longi an 
L. Bonavia found sodium dioxide readily oxidizes the sulphites quantitatively to 
sulphates. F. Ferraboschi observed no ozone is formed by the ^ 

sulphite, with hydrogen dioxide— vide supra. J. H. t. Smith and H. A. 
found that sodium ferropyrophosphate acts as a catalyst in the oxidation of soln. 
of sodium sulphite, and that an intermediate compound of oxygen with the cataljst 
is produced. According to .T. Milbauer and J. Pazourek, the presence of cobalt 
sulphate in O OU/- to 0 ()()lM-.soln. of sodium sulphite acts as a positive catal^t 
in accelerating the oxidation by air. Unlike S. L. Bigelow, and N. Schilow, they 
found that copper and manganese salts are not very active catalyste in cone. sota. 
of sulphites. In cone. soln. 0 5 molar, weak alkalinity of the metom lotens^es 
the oxidation, if no precipitation of the catalyzing agent is caused. Strong alkaliiuty 
retards the reaction. An acid medium has a similar influence, the rapidity of the 

reaction increases with rising temp. i i x 

K. .E. Liesegang found that paper soaked in a soln. of the sulphite is sensitive to 

li ght, and Ihe illuminated iiart colours gallic acid, or silver mtrate brown ; if the 
illuminated paper he kept in darkness for a long time, the browmng no longer Mcurs. 
F. Thomas found that red light accelerates the oxidation of soln. of soihum sulphite, 
while the action is slower in yellow, green, and violet light than it is in darlmcss 
it is ^lowest of all in violet light. 0. Loew exposed sealed tubes contai^g dil. 
soln. of sulphates, sulphites, sulphurous acid, and sulphuric acid to sunlight, for 
3 months, and found that while the sulphurous acid soln. remained clear for 2 months 
before it deposited sulphur and formed sulphuric acid, the other soln. were not 
changed. J. H. Mathews and co-workers found that sodium sulphite soln. are more 
rapidly oxidized in ultra-violet light than in ordinary light, and F H. Getmau 
added that light is an essential factor in the oxidation of hydrosulphitc soln. The 



266 


IJfORGANIC AND THEORETICAL CHEMISTRY 


inoroasod activity of ultra-violet light has been attributed to the formatioji of 
ozone or hydrogen dioxide, which is the actual oxidizing agent, since W. G. Chlo])iii 
found tliat ordinary moist air exposed for a few minutes to ultra-violet light contains 
traces of ozone, hydrogen dioxide, and nitrogen trioxide. The effect has also been 
aftnbuted to the ionization of the oxygen by the ultra-violet light, but G. Bredig 
and W. Pemsel exposed oxygen to ultra-violet light, X-rays, uranium rays, and 
phosphorus one-fourth of a second before it was bubbled into a soln. of sodium 
sulphite, and found no increase in the speed of the reaction. R. B. Mason and 
J. H. Mathews o])Si'reed that pure oxygen, and ozone greatly increase the rate of 
oxidation of aq. soln. of sodium sulphite in light and in darkness ; and that the rate 
of oxidation is dependent on the rate at which the gas is bubbled through the 
soln., and on the cliaracter of the bubbles. J. H. Mathews and L. H. Dewey found 
that uranium salts accelerate tlje photochemical oxidation. Hydroquinone and 
l)heriol in 0*()01iV-.soln, were found by K. B. Mason and J. H. Mathews to accelerate 
the reaction. J. H. Mathews and co-workers found that quinine sulphate, rubber, 
pyridine^ glycerol, benzaldeJjyde, quinol, and metliyl and ethyl acetates all act as 
negative catalysts. The action of quiiud decreases as the action proceeds owing, 
presumably, to its decomposition by light. Copper sulphate and carbamide had no 
appreciable effect on the velocity of the photochemical oxidation of soln, of sodium 
sulphite. F, H. Getman also noted the retarding influence of sugar soln. 
R. B, Mason and J. H. Mathews could detect no relationship between the light 
absorption of the catalysts and their action on the photochemical oxidation of 
sodium sulphite. The reaction was also studied by J. H. Mathews and M. E. Weeks. 
M. Trautz, and 11. L. J. Backstrom discussed the action of light on chemical 
reactions ; and A. J. Allmand and R. E. W. Maddison concluded ihat light has no 
effect on the oxidation of aq. soln. of sodium sulphite, and the cases discussed 
by J. H. Mathews and fellow workers are attributed to an incomplete control 
of the reaction in darkness, and not to the accelerating influence of ultra¬ 
violet light. 

According to K. H, Butler and D. McIntosh, sodium sulphite is insoluble in liquid 
chlorine, and has no influence on its b.p. A. W. Francis found the velocity constant 
in the oxidation of sodium hydrosulphite by bromine to be 8*6. The soln. of 
sodium sulphite is a powerful reducing agent, and the salt is usually transformed 
into sulphate. Thus, M. Braune, and W. Spring found that the aq. soln. is oxidized 
to sulphate by iodine ; W. B. Giles and A. Schearer represented the reaction 
Na 2 S 03 +l 2 +H 2 ^“ Na2804d 2HI. R. Huerre found a cold 10 per cent. soln. 
of sodium sulphite dissolves no snlphUT, and a boiling soln. dissolves only a trace. 
E. Divers said that if heated in an atm, with an excess of snlpbor dioxide, at 190®, 
the sulpliite furnishes free sulphur, and sodium sulphate; and in the presence of 
less sulphur dioxide, sodium thiosulphate is formed. E. C. Franklin and C. A. Kraus 
found that the anhydrous salt is insoluble in liquid ammonia; N. R. Dhar measured 
the solubility of ammonia in soln. of potassium sulphite. A. Klemenc observed 
that the rate of oxidation of sulphite soln. by nitric oxide decreases with increasing 
alkalinity of the soln. E. Divers found that when heated with phosphoma 
trichloride, it forms sodium chloride and phosphate. F. E. Brown and J. E. Snyder 
found sodium sulphite is not affected by vanadium oxytrichloride. F. Feigl 
discussed the oxidation of the sulphites by carbon as blood charcoal. The anhydrous 
salt is insoluble in alcohol ; J. L. Casaseca found it to be insoluble in ethyl acetate ; 
and A. Naumann, insoluble in methyl acetate, and benzonitrile. W. Eidmann, 
and A. Naumann found that it is insoluble in acetone. G. Romeo and E. d'Amico 
examined its action on aldehydes and ketones. 

P. Neogi and R. 0. Bhattacharyya observed that magnesium nniAlgiMn does 
not reduce the sulphite to sulphide. 8. Miyamoto found that the rate of oxida¬ 
tion of mixtures of stannous chloride and sodium sulphite in alkaline soln. is 
less than is the ease with either salt alone, except when the cone, of the stannous 
chloride is lojv. M. Honig and E. Zatzek, and A. Longi and L. Bonavia^ studied 
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its reducing action on soln. of potassinin permanganate in alkaline soln. F. Haber 
and F. Bran examined the autoxidation of soln. of sodium sulphite coupled with 
sodium arsenite, or nickelous hydroxide. J, Pinnow found that a low acidity 
favours the oxidation of sodium sulphite by a ferric salt. 7 ?-Berizoquinone, quinol, 
and their resj)ective sul]))K)nic acids function as carrier-catalysts in the oxidation 
of a suljdiite to sulphate by means of a ferric salt, and their effects increase with 
increase in their respective amounts present. In acid soln., their catalytic action 
is less pronounced. Tiie increased yield of sulphate in the presenf'e of p-beiizo- 
quinone is not in accord with tlie suggestion of K. K. Mees and S. E. Shej)pard 
that a ditliionate is formed from benzoqninone and a su]])hite. N. N. Mittra and 
N. R. Dhar studied the symj)athetic reactions in which mercuric chloride and 
sodium sulpliite as ])rimnry reactions are accelerated in the presence of the secondary 
reaction of mercuric chloride with sodium arsenite or arsenious acid. 

J, L. Gay Lussac and J. J. Welter, and J. 8. Mus})ratt saturated a soln. of sodium 
carbonate with sulphur dioxide and obtained sodium hydrosulphite, NaHSOjj. 
B. W. Gerland obtained the same salt, eontaminated with 0-41 per cent. P;;Or„ by 
treating a soln. of sodium ])bosphatc in a similar manner. H. P. Stevens f(»uiid 
(‘ommer(*ial sodium hydrosulphite contained some pyrosulpliite. T. Sabqlitschka 
and (b Kubiseh observed that aq. soln. of the hydrosulphite slowly lose the <>dour 
of sul})hur dioxide, and dcjjosit crystals of sodium sulphate. R. E. Evans and 
V. H. Desell, and W. Schuler and A. Wilhelm said that if the soln. be vigorously 
cooled, (‘fllor(*sceiit cubic crystals of th(‘ trl-hifdi'ate arc formed, R. de Forcrand 
gave for the heat of formation SOo (64 grrns. per 4 litres) and Na20 (31 grms. per 
two litres), 16*62 Cals. ; and J. Thomsen, 15*9 Cals. K. de Forcrand always 
obtained the pyT 08 ulj)hiG‘ by slowly evaporating a soln. of sodium carbonate or 
hydroxide saturated with sulphur dioxide ; and he obtained the same thermal 
value for the reaction between an eq. of sodium hydroxide and a soln. of the 
suppos<‘d hydrosulphite and a soln. of th(‘ pyrosulphite. The pyrosulphite under¬ 
goes no change on soln., and tlu^reforo sodium hydrosulphite does not exist in 
soln., but is immediately converted into the pyrosulphite. According to F. Ephraim 
and (\ Aellig, the yellow colour of soln. of sodium hydrosulphite is a characteristic 
pro}>erty of the soln. and not due to impurity. The colour is always obtained, 
using the purest materials, when sodium, potassium, or ammonium hyiroxide soln., 
or the soln. of their carbonates, sulphites, formates, and acetates, are saturated with 
sulphur dioxide. To a less extent, the colour is obtained with soln. of calcium 
hydroxide and zinc acetate, but not with those of the chlorides, sulphates, and 
nitrates of the alkali metals nor with hydroxides of the alkaline-earth metals (except 
calcium), magnesium, or cadmium. The colour reaches its maximum when 
5A"-soln. of alkali hydroxides are sat. with sulphur dioxide, and is not perceptible 
with soln. below 0*5A^. »Spectroscopically, the colour is very similar to a dil. chromate 
soln. On dilution, the soln. does not follow Beer’s law, for the colour rapidly 
disappears. The colour may be due to the formation of complexes which in soln. 
gives a coIout three hundred times as intense as that of sodium hydrosulphite at the 
same cone. There is insufficient evidence to afford a satisfactory explanation of 
the colour. A. Hantzsch attributes the colour changes, which occur with many 
salts, to polymerization. In contradistinction to the sulphate and the selenite, 
^vhich possess the tyjiical yellowish-green colour of the unimolecular salts, the 
r>-phonyMO-metliylacridiiiium sulphite can be obtained only as a dark green or 
a brown modification. Tlie dark green sulphite, which separates from aqueous 
or alcoholic solution, is changed to the brown form in chloroform, whilst the converse 
change of the brown to the green is slowly accomplished by alcohol or ether. The 
molecular complexity of these forms cannot be determined, and it is assumed that 
the brown sulphite, like the brown iodide, is tcrmolecular ; the dark green sulphite 
is regarded as bimoleeular. G, A. Barbaglia and P. Gucci observed that in a sealed 
tube at 150°, the sat. aq. soln. furnishes .sodium sulphate, sulphur, and sulphuric 
acid. K. Barth found that the electrical conductivity of aq. soln. is in harmony 
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with the assumption that two ions: NaHSOjj=Na+H 8 O 3 ', are present. Eor 
the conductivity, fi, of a mol of the salt in v litres of water, at 25°, he found : 


A, Miolati and E. Mascetii made measurements and obtained similar results and 
gave =111*7. The results agree with the dibasicity of the acid. According 
to J. S. Muspratt, the hydrosulphite gives off sulphur dioxide in air, and when heated 
it gives off sulphur, and sulphur dioxide, leaving a residue of sodium sulphate. A 
current of an indifferent gas drive.s sulphur dioxide from the aq. soln. The salt 
dissolves in water less readily than sodium hydrorarbonate, and is precipitated 
from its aq. soln. by alcohol. A. W. Francis studied the rate of the oxidation of 
the hydrosulphite by bromine. (L Scurati-Manzoni found that the aq. soln. is 
reduced to hyposulphite by a zinc-copper couple ; and P. Neogi and R. C. Bhatta- 
charyya, that magnesium amalgam does not reduce the hydrosulphite to sulphide. 
G. Romeo and E. d'Amico examined its action on aldehydes and ketones. 
M. Couiouma found that when properly stored, the hydrosulphite can b^ ])re 8 erved 
without decomposition. E. Isnard observed the changes in a cone. soln. of sodium 
hydrosulphite which occur when it is kept for some time. T. I to studied the 
action of sodium hydrosulphitf? on silver nitrate, and copper sulphate in media 
containing various lyophilic colloids, gelatin, and hydrosol of ferric oxide. 

M. Borthelot prepared anhydrous potassium sulphite, K 2 SO 3 , by the method 
employed for the corresponding sodium salt. The hexagonal crystals are delique¬ 
scent, and less oxidizable than when in soln. The heat of 
^^' rT"n I II I f<^rniation is (2K,S,30)=136*30 Cals. ; and P. J. Hartog gave 

_ " 1*75 Cals, for its heat of soln. in 60 parts of water at 18^ 

_ , J- Danson, and M. Berthelot precipitated an.aq, soln. of the 

_salt with ether, and obtained the monohydraU% K 2 S 03 .H 2 (). 

^ Eourcroy and L. N. Vauquelin, J. S. Muspratt, etc., 

20 ^ prepared the dihydrate^ K 2 SO 3 . 2 H 2 O, by passing sulphur 

40 ^ - ■ I—i«- X, - dioxide into a dil. soln. of potassium carbonate until all the 
^ 0 ^~ 20~^~ 40 'so dioxide had been displaced, and then evaporating the 

contact with air. The salt was previously ob- 

Fio. 67— Solubility T* Bergman, and C. L. Bcrthollet, 

Curves of Po- early literature it was sometimes called sal snl- 

tassiuin Sulphite, phuratum Stahhi, or StahVs sulphur salt. It was also made, 
admixed with more or less sulphate, by T. Thomson, and 
J. J. Bernhardi. The crystals were described by J. S. Muspratt as rhombic 
octahedra ; the salt is deliquescent, and has a penetrating acid, and sulphureous 
taste. L. N. Vauquelin said that the salt decrepitates when heated, losing first 
water, then a little sulphur dioxide, then a small quantity of sulphur, and leaving a 
reddish mixtme of potassium sulphide and sulphate. A. Rohrig represented the 
reaction: 4 X 2803 =K 2 S+ 3 K 2 SO 4 , and added that in opposition to J. 8 . Muspratt, 
etc., no sulphur dioxide is formed. J. S. Muspratt said that the residue contains 
some pot^ium hydroxide, and M. Berthelot added that when heated in an atm. of 
car^n dioxide at a red-heat, sulphate, polysulphide, aud carbonate are formed. 
A. Rohrig said that the salt becomes anhydrous below 120 °. F. M. Raoult 
found the mol. lowering of the f.p. to be 45 * 1 . F. Martin and L. Metz gave 273 Cals, 
for the heat of formation of K 28 O 3 , M. Berthelot gave for the heat of soln., 
0*72 Cal, and for the heat of formation {S02,2K0H)=15*92 Cals, at 13^ 

J. B. Amstin discussed the heat of hydration. J. Obermiller measured the hygro- 

Fourcroy and L. N. Vauquelin showed that the 
dihydrate dissolves in its own weight of cold water, and in less than that amount of 
hot water. C. F, Eammelsberg added that the hot sat. soln. does not deposit 
any salt on cooling, while the cold sat. soln. deposits some salt when heated and 


S/m 

Fio. 67.—Solubility 
Curves of Po- 
tassiuin Sulphite. 
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redisfiolves it on cooling. 3^^ Forster and co-Morkeis gave for tlu* solubility of 
])ota 88 ium sulphite in grms per 100 grins, of soln. : 

--80" -15 0 -3 0' 0 1® 34® 812" 55 8“ 97 2® 

KjsSOj . 510 51 30 51-35 51 ♦ 51-37 51-90 52*02 53-22 

The results are plotted in Fig. 67 with the eutectic point at — 45 '^. There is no sign 
of the hydrated salt on these curves. J. L. Casasoca said that the salt is very slightly 
soluble in alcohol, and insoluble in ethyl acetate ; E. C. Franklin and C. A. Kraus 
also found it to be insoluble in liquid ammonia. A. Geuther said that the aq. soln. * 
lias an acid tast<‘. W. Sjiring and A, Lecrcnicr observed that the sulphite is oxidized 
by the sulphur halides ; P. Schiitzenberger, that zinc reduces it to hyposulphite. 
E. Hene obtained the jiotassium salt by adding potassium sulphate to a soln, of the 
calcium salt. 

J. S. Muspratt prepared potassium hydrosulphite, KMSO 3 , piissing sulphur 
dioxide into a cone. soln. of potassium carbonate until effervescence ceases ; when 
alcohol is added to the soln. the salt is deposited as a granular mass of crystals, 
which are washed with a little alcohol, and dried between bibulous paper. J. (\ G. de 
Marignac found that the monoclinic prisms have the axial ratios a:b: c 
=0*9276 : 1 : 2*2917, and ^-94^ 46'. J. S. Muspratt found that the salt has a 
saline, not unpleasant, taste. A. Geuther observed that the salt suffers very little 
( hange at 100 ^ ; at 190', it decomposes with the evolution of water and sulphur 
dioxide and acquires a yellow colour. The residue contains sulphur, and sodium 
thiosulphate and sulphate ; 6 KH 8 O 3 -K 2 S 2 O 3 -I 2 K 2 S 04 + 2 S 02 f SHgO ; and the 
aq, soln. has a neutral reaction. It is supposed that the hydrosulphitc hrst forms 
the normal sulphite: 2 KHSOj—K 2 SO 3 -I-SO 2 +H 2 O ; and that one equivalent 
of 8 ul])hur dioxide then reacts with three equivalents of the normal sulphite to form 
tlie thiosulphate: 3 K 2 SO 3 -I-SO 2 - 2 K 2 SO 4 +K 2 S 2 O 3 . The reaction between the 
sulphites and sulphur dioxide has been qualitatively confirmed by E. Divers. If the 
1 hiosulphate be more strongly heated, the thiosulphate yields sulphate and sulphide. 
The formation of a sulphide by the action of heat on thiosulphates has been cited 
as an argument that the metallic radicle in these compounds is in direct union with 
sulphur. It has been questioned whether the meta-bisulphites (or pyrosiilphites) yield 
a thiosulphate when heated—A. Geuther said Yes,’' M. Berthelot, “No.” However, 
in the formation of a sulphide when a normal sulphite is strongly heated, possibly 
an alkali oxide is formed, and there is a secondary reaction between sulphur dioxide 
and the undecomposed sulphite. If the salt be heated over the naked flame, sulphate 
and polysulphide are formed, and the aq. soln. has an alkaline reaction. J. H. Platt 
and D. Hudson gave for the solubility S grms. per 100 grms. of water, 45*5 at ; 
51*5 at 25® ; 67*4 at 50® ; 76*5 at 60®; 85*6 at 70®; and 91*5 at 75®. K. Barth gave 
for the mol. conductivity, /x, of a mol of the salt in v litres of water at 25®. 

r . . 32 54 128 25G 512 1024 

M . • 108 0 113 5 118*0 122-3 126-4 129-8 

A. Miolati and E. Mascetti obtained concordant results and gave /Xqo =:135*4. 
The results agree with the dibasicity of the acid. A. Miolati and E. Mascetti 
measured the conductivity of sulphurous acid as it is progressively treated with 
alkali, and the results, Pig. 57, indicate the existence of hydrosulphite and 
pyrosulphite. S. S. Bhatnagar and C. L. Dhawan studied the mol. magnetization ; 
and calculated the mol. radius to be 2*58 A. The salt is insoluble in alcohol. 
(X St. Pierre observed-the formation of potassium trithionate in the spontaneous 
reduction of the hydrosulphite. According to P\ M. Raoult, the mol. lowering 
of the f.p. is 32*5. M. Berthelot found for the heat of formation from 2 mols of 
K 28 O 3 and 2 mols of HCl, --UBO Cals.; and from 2 mols of K 2 SO 3 and 9 mols of 
HCl, —2*40 Cals. The heat of neutralization of a mol each of KOH and H 2 SO 3 
is 16*6 Cals, at 13®. According to M, Berthelot, thenuochemical data show that 
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tli(j iiydrosulpliitr, describod by J. (b iic‘ Mari^aiac, and C. F. Raiamdsberg, is 
really the pyrosulphite, and he maintained that the solid hydrosulphite has not been 
prc'pared. The hydri)sulphite prepared from equimolar parts of sulphur dioxide 
and potassium hydroxide in acp soln. is slowly transformed into a soln. which 
behaves just like a soln. of the solid pyrosul])hite ; and the change is attended by 
the evolution of 5-2 (^als. of heat. Geuther said that the aq. soln. havS an acidic 
reaction not neutral as stated by rl. S Muspratt. D. (iernez showed that when an 
inditbTent gas is passed tlirough the aq. soln. it Jost^s sulphur dioxide. R. .1. Phillips 
j^tudied the stability of soln. of the salt. 

G. T. Morgan and J. i). M. Smith ])a.ssed sulphur dioxide into a soln. (d rubidium 
carbonate until a pale green soln. was acquired; alcohol was added, ami a 
voluminous, white precipitate (‘onsisting of colourless })risnis of rubidium hydro- 
sulphite, RbHSOjj, was formed. The salt is freely soluble in water ; and the aq. 
soln. reacts acid to litmus and phenolphtlmlein, and neutral to methyl orange. 
When the dry salt is gradually heated to redness, it gives oft wat<‘r, sulphur, and 
sulphur dioxi<l(% leaving a residin' of rubidinm snlyihate. If rubidium liydrosiiljihite 
be added to an eq. ])roportion of a soln. of tin* carbonate ; heated to expel carbon 
dioxide, and treated, when cold, with an (‘xci'ts of absolute alcohol, a heavy, oily 
liquid is y)reei])itated, and this freezes to a eolourles.s, crystalline mass, which when 
washed with a mi\tur<‘ of alcohol and (*tInT, and dried over calcium chloride, 
furnishes rubidium sulphite hemialcoholate, 2 Rh 2 S 03 .( oH^OH. The aleoholate 
gives off its alcohol wdien heated, and is freely solnbie in water. If a sat. a([. soln. 
of the aleoholate bo ('\aporated })y boiling under reduced press., small, colourle.ss, 
prismatic tabh'ts of anhydrous rubidium sulphite, Rb 2 S 03 , are ])recipilated. The 
salt is freely soluble in water and aq. ah’ohol, it reacts alkaline to litmus, gives off 
sulphur dioxide wditm treated w'ltli dil. mineral acids, and on ignition gives a residue 
of rubidium sulphate and sulphide. 

C. Chabrie dissolved 14 grins, of c{esium carbonate in 4(X) c.c. of 99 per cent, 
alcohol, divided the soln. into 2 halves, and saturated one-half at the b.p. 
with sulphur dioxide, and mixed the twc) halves, distilled off the alcohol, and dried 
the residue in vacuo. The wdiitt*, crystalline mass of csesium sulphite, ('soSO^, 
dissolves in its owui w^'ight of w^ater at ItXV’. If the above operations be conducted 
in aq. soln. the crystalline product, mixed wdth some sulphate, contains 9*29 per cent, 
of water. The half of the alcoholic soln., just indicated, when sat. with sulphur 
dioxide gives white cry.stals of cmsium hs^Lrosulphite, CsHSOj, wdiich are freely 
soluble in water, and less soluble in alcohol. 

P. J. Hartog prepared ammonium sodium hydrosulphite, (NH 4 )NaoH(S 03 ) 2 . 
4 H 2 O, from mixed soln. of sodium and arnmoniuni sulphites ; and H. Schwicker, by 
passing ammonia into a eoiic. soln. of sodium hydrosulphit<% or by partially saturating 
a cone. soln. of ammonium hydro.sulphite with sodium carbonate. G. Tauber, 
on an industrial scale, yiassed ammonia and sulj>hur dioxidi*. into a cooled soln. of 
sodium chloride. The analyses by J. C. G. de Marignac agree with the above 
formula, but the salt prepared by G. Tauber was represented by the formula 
2 Na 2 S 03 .(NH|) 2 Sj> 05 . 10 H 20 . Indeed most of the cumjilex salts here described can 
be regarded as p}’Tosulphite8 of analogous composition. According to P. J. Hartog, 
there are two isomeric forms with a difference of 2*74 Cals, in their heats of formation. 
This salt crystallizes in large plates wdiich, according to J. C. G. de Marignac, belong 
to the monoclinie systfim, an<l have the axial ratios a:b: c=l*8682 : 1 : 2*8501, 
and p —152® 12'. A. Schwicker said that the salt is moderately stable at ordinary 
temp., but at 130® it is quickly decomposed with the evolution of water, ammonia, 
and sulphur dioxide. Water dissolves 42*3 per cent, at 12®, and 48*5 per cent, at 
15®. P. J. Hartog gave —30*72 Cals, for the heat of soln. of one part of the salt in 
40 parts of wat<‘r at 20®. The aq, soln. has an acid reaction. P. J. Hartog said that 
only in the presence of a large excess of ammonia is it possible to obtain crystals of 
ammonium potassium sulphite, (NH4)K(S03)2.nH20, from a soln. of the component 
salts. The observed composition is not constant, indicating that solid soln. of the 
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component salts are involved. Hence the existence of tliis salt as a chemical 
individual is in doubt. The hexagonal prisms actually obtained when heated in 
a sealed tube give a sublimate of ammonium sulphite. 

W. Spring obtained an impure sodium potassium sulphite by reducing potassium 
thiosulphate or trithionate with sodium amalgam—some mixed sulphide was 
formed at the same time. P. J. Hartog }>repared anhydrous sodium potassium 
sulphite, KNaSOjj, from a soln. containing i he correct proportions of sodium hydro- 
sulphite and potassium hydroxide. K. Barth obtained it in a similar way, using 
either sodium hydrosulphite and potassium hydroxide^ or potassium hydrosulphite 
and sodium hydroxide, P. J. Hartog gave for the heat of formation in aq, soln., 
Na 2 S 03 +K 2 S 03 — 2 NaKS 03 -f- 3-76 Cals.; and —1*19 Cals, for the heat of soln. 
at 18°. H. Sell wicker obtained yellow crystals of the vionohydrale^ NaKS 03 .H 20 , 
})y exactly neutralizing a soln. of sodium iiydro 8 ulj)hit(i with potassium carbonate, 
and evaporating over sulphuric acid ; and K. Barth, by cooling a soln. of potas¬ 
sium hydrosulphitc with the theoretical ])ro})ortion of sodium hydroxide. 
A. Schwicker pr(‘])ared yellowish crystals of the dihydrate, by evaporating over 
sulphuric acid a cone. soln. of potassium hydrosulphite mixed with the stoichio- 
metrical proportion of sodium carbonate. A. Rdhrig obtained the salt from a 
juixed soln. of the carbonate of the one metal with the hydrosulpliite of the other, 
by precipitation with alcoliol or ether. K. Barth said that the anhydrous salt is 
obtained by the alcohol precipitation i)roceHs. He obtained the dihydrate by 
('vaporating over sulphuric acid a soln. of the theoretical proportions of sodium 
liydrosulphite and j>otassium hydroxide. A. Schwicker said that the salt obtained 
from })otasHiimi hydrosulj)hite and sodium carbonate gives, when heated with 
ethyl iodide at 140°, a compound KO.C 2 H 5 SO 2 .JNaI, which crystallizes from hot 
alcohol in colourless needles. On the other hand, the salt obtained from sodium 
hydrosulphite and potassium hydroxide yields under similar circumstances 
NaO.C 2 H 5 SO 2 .iNI. It was assumed that in the former case the sodium was directly 
connccled with the sexivalent sulphur, and in the latter case, the potassium was 
directly bound t(i the sexivaleut sulphur. G. S. Fraps, A. E. Arbusoff, and 
M. H. Godby could not confirm these conclusions, for, in repeating the work, thej' 
obtained no evidence of the existence of two isomeric sulphites. In any case, 
K. Barth found that the aq. soln. of the two salts are identical, and, in particular, 
that they have the same electrical conductivity: 

V . . 0-25 2-5 1 0 20 8 32 04 256 512 1024 

tx . . 37*0 51 0 01-8 70 1 85 3 991 104 1 113 6 116-3 117-7 

as they should do on the ionization hypothesis, since in dil. soln. they yield the 
ions K‘, Na*, and SO 3 ". P. J. Hartog prepared transparent prisms of sodioiu 
potassinm hydrosulpliite, K. 2 NaH(S 03 ) 2 . 3 H 20 , by crystallization from a cone, 
soln. of NaKSOa, and an cq. of KHSO 3 , P. J. Hartog obtained Na 2 Kii( 803 ) 0 . 4 H 2 O 
from a soln. of 2 eq. sodium carbonate sat. with sulphur dioxide, mixed with one 
eq. of potassium carbonate. A. Schwicker obtained it in transparent prisms 
when a cone. soln. of eq. quantities of sodium potassium sulphite and potassium 
hydrosulphiti'. is evaporated over sulphuric acid ; it behaves like the double salts 
described above. According to P. J. Hartog, this ^alt cannot be dehydrated 
without decomposition; it loses no water of crystallization in dry nitrogen at 90°, 
and at 100°--li0° there is a loss of 26*65 per cent, along with some sulphur dioxide. 
The heat of formation is K 20 ftoiii.+ 2 (Na 20 . 2 S 02 )rtoin.~K 20 . 2 Nao 0 . 4 S 03 ^oin.+31*81 
Cals. ; and 2 Na 2 S 08 cry«t. + KgSoOscost- + ^HoOn^uid =- K 20 . 2 Na 20 .. 3803 . 9 H 20 
+25*88 Cals. 
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§ 17. The Sulphites of the Copper Family 

A. ¥. de Fourcroy and L. N, Vauquelin ^ observed that a yellowish-red pre¬ 
cipitate is formed when a soln. of cupric sulphate is treated with an alkali sulphite 
and, for a time, it was considered to be a coj>i)er sulphite. Tlie product was in¬ 
vestigated by M. E. Chevreul, J. S. Muspratt, 0. I)o]>ping, (’. F. Kammclsberg, 
etc. It is probably a mixed salt —vide infra. The normal copper Sulphite, CuSO^, 
has not been obtained in a stable form in aq. media. G. T. Morgan and F. H. Bur- 
stall showed that the cupric ion is reduced, forming a red precipitate of cuprosic 
sulphite, Gu((''uS0,j)2 .2H20. The stability is enhanced by aminination, for P. ihid- 
schies prepared CUpric tetramminosulphite, L^hi(Nli^)4jSO;p2HoO, by the action 
of sodium sulphite on a soln. of cupric tet ram mi noacetate. The salt is hydrolyzed 
by water. The partition oooff, with chloroform was measured ; and tlic electrical 
conductivity at 18^ of a mol of the salt in r litres of ammoniacal soln. was found 
to be : 

e . . 5 276 10*5.52 2M0l 12-20.S SI IKi 168*832 

P . .17*1 57 .3 (i5-6 74*7 85-2 ppt. 
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T. Morgan and F, H. Burstall also prei)ared copper agaoethylenediaminosulphite* 
[Cu(H20)en]S0y, by the action of an aq. soln. of ethylenediaminc on cuprosic 
sulphite; and copper bisethylenediaminosulphite, [CuenglSOa, by adding copper 
to a suspension of silver 8ul])liito in ethylenediaminc. This is the more stable 
of the two salts. The aq. soln. of the aqiioethylenediaminosul])hite decomposed 
on warming to give a brown precipitate containing cuprous oxide; dil. sulphuric acid 
(‘iiiised a separation of red metallic (^opper, whereas hydrochloric acid gave cuprous 
chloride, both reactions being accoin]>aiiied by evolution of sulphur dioxide. On 
exposure to air this .sulphite oxidized .slowly ; at it blackened, and at higher 
temp, it.s colour changed to brown. Copper bisethylcnediaminosulphite is hygro¬ 
scopic, but it remained unchanged in a closed vessel; its aq. soln. was not visibly 
affected by boiling. In ('old soln. of the salt, silver nitrate, and barium chloride 
produced, rc'speetnely, copious whit(‘ pri'cipitates of silver and barium sulphites. 
With sodium hydroxide the soln. rcmaiiu'd clear, but its colour changed from 
jmrple to blue ; th<‘ colour was di'.charged by mineral acids. A. fitard showed 
that when sulphur dioxide is passed into a soln. of cupric acetate, a compl(‘x cuprosic 
sulphite is formed. By varying tho temy). and relative proportions of acid and 
watiT, a whole series of basic salts can be obtained with colours varying from light- 
brown to deeyi violet. If the soln. is V(Ty dilute, cuyirous oxide is formed. All 
these basic salts are perfectly homogc'ueous and crystallize well, but the proportion 
of copyier varies as if their comyiosithm was governed by the yihysical conditions 
and not by the hnvs of chemical combination. One of these salts was obtained 
several times in vioh't crystals of CUprous eiuieoxysulphite, CU2O.CLI2SO3. When 
sulphur dioxide is passc'd into a boiling, sat. soln. of basic cupric a(.‘etatc in acetic 
acid of sp. gr. 1 06 , the soln. becomes blue, and a h(*avy preci]>itate of white, nacr(*ou3 
yilates is formed. The j)assage of the gas is discontinued before this yirecipitate 
is converted into the violet basic salt; tie* liiyuid is decanted off, and the prcciyiitate 
is washed successively with water, alcohol, and ether. The product is CUprous 
sulphite, CU2SO3.H2O. It forms colourles.s or pale amber liexagonal jdates which 
act on yiolarized light, and have a sp. gr. 3'83 at 15 ^. J. B. Kagojsky obtaim^d a 
red cuprous sulphite* by treating ammonium cuprous sulphite with sul})hurou8 
acid, but L, P. de St. (xilles, C. F. RammelslH ig, and N. Svenssori could not 
verify this. A. Etard observed that by yiro!oiig(‘d and repeated digestion with 
suly^hurous acid, the ammonium eu])rosic sulphite first formed is completely con¬ 
verted into brick-red, })rismatic ery.stals of Cu^SO^.H^O, which act on polarized 
light, and have a sp. gr. 4 46 at 15 '^ The rod suly>hite is more readily obtained 
by the action of sulphurous acid on sodium cuprous sulphite. Cuprous sulphite 
exists, therjifore, in two isomeric modifications which differ in colour and sp. gr. 
The white modification may be ctmverted into the red by prolonged digestion with 
sulphurous acid in sealed tubes. The white salt corresponds with the white cuprous 
chloride and acetate, and is the normal cuprous sulphite. The red salt, cuprous 
isosulphitt\ is in all probability a polyrneride, (Cu2S03)8.8H20, because, when treated 
with a cone. soln. of sodium sulphite, it forms a brown octosulphite, 
Cu6Naj6HioS8028.43H20; whereas the white, normal sulphite furnishes white 
Na2Cu(S03)2.H20. J, B. Eogojsky said that the red sulphite forms a colourless 
soln.; and when the hydrochloric acid soln. is diluted, it forms a colourless liquid; 

G. Kroupa found that the salt is soluble in sulphurous acid; and G. Denig&s, that 
it forms unstable, complex salts with pyridine. S. B. Newbury thought that the 
brown precipitate formed by the action of boiling water on 3CUO.2SO3.IIH2O, is 
cuprous sulphite ; hydrochloric acid converts it into cuprous chloride. 

It is possible that many of the complex copper sulphites are solid soln., not 
chemical individuals. J. B. Ragojsky prepared anhydrous ammonium CUpiOUS 
sulphite^ (NH4)2S03,Cu 2S03, or (NH4)CuH03, by adding cupric sulphate to an 
excess of ammonium sulphite and adding more rujiric sulphate and warnung the 
soln. f 0 as to dissolve the yellow precipitate. Bix-sided, coloiirlesB plates separatt? 
from the soln., hnd they can be washed with cold water. He also made it by 
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precipitating cupric sulphate with an excess of ammonium sulphite and passing 
sulphur dioxide through the brown mixture until it is colourless ; and by j)assing 
sulphur dioxidi*, for not too long, through an animoniaeal soln. of cuprosit' ; 

L. P. de St. GiiJes, and H. Void also prepared this salt. 1>. Vorlander aiul F. Meyer 
obtained this salt by saturating with sulphur dioxide a soln. of 70 grins, eojiper 
sulphate in 300 c.c. of water, and 140 c.c. of 33 per cent. aq. ammonia; adding 
lCK>~130c.e. more aq. ammonia, and passing sulphur dioxide until the liquid liecann^ 
colourless, and cooling the soln. A. Rosenheim and S. Steinhauser inixi^d a mol 
of freshly precij>itated cupric carbonate with a soln. of 6-8 mols of ammonium 
hydrosulphite. The whiti' crystals are stable in air ; tli(‘y form a basic cu]>rosic 
salt with boiling water ; eonc. sulphuric acid forms copper and cu]>ric siilpJiate : 
copper sulphate soln., cuprosic sulphate ; sulphur dioxide foiin.s cuprous sulfiliite ; 
acids dissolve the salt with the evolution of sulphur dioxide. A. Commaiilc pre¬ 
pared the hydrate, (NH 4 )Cu(S 03 ).n 20 , by jiassing suljihur dioxide into an 
ammoniacal soln. of cupric sulphate, or into an ammoniacal soln. of cupric 
acetate decolorized by copper ; and A. fitard, by boiling a soln. of cuprosic sul- 
j)hite with cone, ammonium hydrosulphite, and washing the six-sided, colourless 
plates suecessivrdy with water, alcohol, and ether. The crystals are stable in air. 

F. L. Hahn and co-workers prepared com])lexes with ammonium and copper 
sulphites by adding an excess of the alkali sulphite to a soln. of the iiu^tal sulphite 
in ammonia, alkali acetate, or acetic acid, and evai)orating off the ammonia or 
sulphur dioxide when necessary. H. Bottinger prejmred dianimonium tetracuprous 
trisulphite, (NH 4 ) 2 S 03 . 2 (hioS 03 . 2 H 20 , from a mixture of a soln. of cupric sulphate* 
and an excess of ammonium sulphite with enough sul})hurous acid to ]jreveni 
precipitation on warming, or allowing the soln. to stand in a closed V(‘ssel, tin* salt 
appears in white plates, which, when heated, form cuprosic siil])hite. J. S. Mus])ratt 
prepared the same salt ; but N. Svensson thinks that the salt is imjuire ammonium 
cuprous disul[)liite. A. Rosenheim and S. Steinhuus(*r obtaiin^d tetrammonium 
dicuprous trisulphite, 2 (NH 4 ) 2 S 03 .Cu 2 S 03 . 3 H 20 , in }’ellow ne(*dles, from a nnd 
of freshly precipitated cupric carbonate and 15 inois of ammonium hydrosulpjjite. 
N. Svensson obtained pentammonium cuprous trisulphite, (NH 4 )-C u(S0^)3.H20, 
in yellow needles, from a soln. of cuprosic sulphate and ammonium sulphite mixj'd 
with aq, ammonia ; A. Rosenheim and 8. Steinhiiuser, dodecammonium dicuprous 
heptasulphite, 6 (NH 4 ) 2 S 03 .Cu 2 S 03 . 4 H 20 , in pale yellow needles, from the motlnw- 
liquor obtained in pre[)aring dihydrated heptamiuonium cuprous tetrasulphite, 
(NH 4 ) 7 Cu(S 03 ) 4 . 2 H 20 , in white needles, and cooling the soln., )>y boiling ciijirosic 
sulphite with normal ammonium sulphite; the peniahydrate, (NH4)7Gu(S03)4.51l20, 
in white needles, W’^as obtained by L. P. de St. Gilles from a mix<*d soln. of ciqwous 
chloride and an excess of ammonium sulphite; N. Svensson, by j)assing sulphur 
dioxide into a soln. of cupric tetramminoxide. A. Rosenheim and 8. 8t(‘inhauser 
Could not confirm this; but it was obtained by N. Svensson, by adding (‘iipric 
sulphate or cuprosic sulphite to an excess of a soln. of ammonium sulpliite, 
A. fitard prepared lithium cuprous sulphite, LiCuS 03 .H 20 , by Ixuling a soln. 
of cuprosic sulphite with a cone. soln. of lithium hydrosulphite, and washing 
the precipitate successively with water, alcohol, and ether. F. L. Halm and 
co-workers prepared complexes with sodium 8ul}>hite as in the ease of the ammo¬ 
nium complexes. A. Commaille made sodium cuprous sulphite, NaGnSO^.HoO, 
by adding a cone, soln, of cupric acetate to a cone. soln. ot sodium sul]»lnte so 
long as the precipitate dissolves. The green soln. gradually ilecolorizcd, 
and furnishes colourless crystals. N. Svensson, and A. Bosenlieiui and S. Stein- 
hauser obtained it by the action of a cone. soln. of sodium iiydrosulphite on 
cupric carbonate; and A. fitard, by boiling cuprosic Milphite with a cone, 
soln. of sodium hydrosulphite. The salt is fairly stabh* but decomposed by 
water. A. Commaille obtained the hemihenahydaite in colourless or whit<* 
quadratic plates, by leaving the lueceding salt in contact, witli its nudlier-liquor : 
N. Svensson, from a boiling soln. of cuprosic sulphite in a cone. soln. of sodiun* 
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bulphite- A. Rosenlieim and S. Steinhauser obtained a minilar salt but of 
variable coni])osition; and A. fitard, by the action of a cone. soln. of sodium 
hydrosulphite on cuprous sulphite. A. Rosenheim and S. Steinhaus(‘r obtained 
yellow, microscopic crystals of tetrasodium decacuprous heptasulphite» 
2 Na 2 S 03 . 5 Cu 2 S 03 . 3 ()IL 0 , by the action of a sat. soln. of 2 mols of sodium hydro- 
sulphite on a mol of frcshly-])recipitated cujnic carbonate ; and hexasodium tetra- 
CUprous pentasulphite, 3 Na 2 S 03 . 2 Cu 2 S 03 . 29 H 205 by the action of sulphur dioxide 
on cone. soln. of cu}>ric sulphate and sodium carbonate cooled by ice ; and 
N. Svenssoii, by the action of suljduir dioxide a soln. of cuprosic sulphite in a 
cone. soln. of sodium sulphite. J. S. Muspratt obtained yt^llow crystals of penta- 
sodiom cuprous trisulphite, Na 5 Cu( 803 ) 3 . 19 H 20 , by treating with a cone. soln. of 
sodium sulphite the soln. obtained by passing sulphur dioxide into water with 
cupric hydroxide in suspension, mixing the liquid with absolute alcohol, and allowing 
the soln. to stand in vacuo N. Svensson said that tin* })rodnet is really cuprosic 
sulphite, but lie obtained the salt by adding a soln. of .sodiinn sulphite to one of 
cu})ric sulphate so long as the yellow precipitate dissolves, adding alcohol, and 
evaj)orating over sulpliuric acid and calcinin cliloride. N. Svensson also reported 
heptasodium cuprous tetrasulphite, Na 7 Cu(S 03 ) 4 . 9 .JH 20 , in needle like crystals, 
by adding alcohol to the motlier-liqiuir from liemihenahydrated sodium cuprous 
sulphite; and A. iStard obtained sodium cuprous hydroctosulphite, 
Na| 5 CugHioSgOj 4 .431120, by treating the red cupric sul]>hite witli a cone. soln. of 
sodium hyilrosulphite, and wasliing successively with Master, alcohol, and other. 

M. E. ClievreuI obtained a yellow precijiitate with a not too dil. mixture of 
jjupric nitrate and potassium suljihite. F. J. Otto re]>resent(*d the precipitate 
obtaiucfl witli copper sniphate and potassium hydrosiilpliate as potassium cupric 
trisulphitc, 2 K 2 S 03 ,CuS()j. N. Svensson said that this projluct is a mixture, 
h. L. Hahn and co-workers obtain<‘d complexes with potassium sulphite as in the 
ca.s(» of the complexf'’ with the ammonium sulphite. A. fitard obtained potassium 
cuproi^ sulphite, K(\i»S 03 .H 20 , by boiling cu])rosic sul})hite with a cone. soln. of 
})otasbium hydrosuljdiite and washing successively \vith w^ater, alcohol, and etiu'r. 
A. J^oseiiheim and S, St(‘inhaus<‘r saturated with sulphur dioxide a mixturt* of a 
cone, solii. of cupric sulphate* and an excess of ]>otaHsium carbonate cooled by a 
freezing mixture ; and they obtained the same salt by the action of a mol of cupric 
sulphate and 10 or more mols of potassium hydrosulphite. N. Svensson reported 
tripotassium cuprous dihydrotrisulphite, K 3 H 2 CU ( 803 ) 3 . 2 ^ 20 , to be formed 
in yellow needles by treating freshly precipitated cupric carbonate with a soln, 
of potassium hydrosulphite saturat(‘d witli sulpliur dioxide; if an excess of 
the potassium hydrosulphite is used, or if a .soln. of potassium carbonate be 
mixed with cupric carbonate and sat, with sulphur dioxide, while cooled with ice, 
tetrapotassium cuprous trihydrotetrasulphite, K/’uHalSOgL, is formed as a 
decomposed by water. C. F. Rammelsberg reported crystals of 
8 K 2 SO 3 CunSOs.lGHoO, to be formed by digesting the yellow precipitate, obtained 
by the action of potassium sulphite on a soln. of cupric salt, with a cone, soln. 
of potassium suljihite, but A. Rosenht‘im and 8 . Steinhauser showed that the. 
product IS a mixture. 

According to H. Baubigny, when aq. soln. of 4 grms. of copper sulphate and 
o grins, of sodium sulpliite are mixed in a sealed tube at ordinary temp., in a 
few hours colourless crystals of sodium cuprous sulphite. Na 2 S 03 .Cu 803 . 12 H 20 , 
or iNa(mh 0 j. 6 H 20 , are formed, and the liquid contains the amount of dithionate 
indicate.! by: 2 <'uS 04 -|-!Na 2 S 03 ^ 2 Na 2 S 04 -l-CuoS 03 .Na 2 S 034 -Na 2 S 20 e. The 
tloiible sulphite IS unstable, and, on exposure to air, it is oxidized with the loss of 
water. If the initial substances are mixed in hot soln. a colourless liquid results 
and a red precipitate i .<4 formed an a decomposition product of tho sodium cuprous 
sulphite first formed, [ts composition is r)u 2 ( 0 H) 2 ,ru 2803 . 5 ruS 03 . 4 H 20 . 

I \/ ItirimTly assumed that the jiroducts obtained by A. F. dc Fourcroy and 
L. . . uuQuelin, M, F. (’hevrcul, p. Berthicr, and J. S. Muspratt, )»y the action 
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of warm sulphurous acid on cupric oxide, hydroxide, or carbonate, were more or 
less impure cuprous sulphite. M. E. Chevreul gave 4 Cu 20 .f)S 02 . 5 H 20 ; and 
J. S. Muspratt, Cu 2 S() 3 .H 20 ; H. Rottinger, and 0. Dopping, 3 Cu 2 O.lSO 2 . 4 H 2 O ; 

N. A. E. Milion and A. (’ominaille said that the product contained up to about 
6 per cent, of cupric sii]})hate which could not be removed by washing. (\ F. Ram- 
melsberg treated tlie sola, with ether and obtained what he regarded as clihijdratrd 
cuprosic sulphite, (.^U 2 S 02 .CuS 02 . 2 H 20 , and this was confirmed by L. P. d(^. St. 
(xillea, J. B. Rogojsky, and N. Svensson. According to S. B. Newbury, if moist 
cupric, hydroxide, free from sulphate*, is treat<K3 with sulphurous acid cooled by a 
freezing mixture, it becomes yellow, and then forms a dark green liquid whicli, 
after standing several hours at ordinary temp., precipitates the red salt wdieu 
warmed, while the soln. becomes colourless. Related products were obtained by 
the action of sulplmrous acid on cupric oxid<*—P. Berthier ; cupric hydroxide— 
R. Bdttger, J. H. Muspratt, and A. Vogel. By passing sulphur dioxide into a 
cone. soln. of cupric sul})hate at IOTP, F. Binneeker, L. Meyer, F. Wohler, 0. Hop¬ 
ping, T. Jhirkman, and Ji. \\ <]e St. CBlles obtained the cuprosic salt. S. B. Ncw> 
l)ury pas.scd the gas slowly into a 10 per cent. soln. of eu]>ric sulphate containing a 
thij] strip of copp<T ; E. Paterno and U. Alvisi precipitated the salt by ])assing tin* 
gas irdo a soln. of cupric fluoride in dil. hydrochlorie acid; L. P. de St. Gilles, 

O. D<>})]»ing, T. IVirkmaii, A. Vogel, amd A. fitard by passing the gas rapidly 
into a soln. of 77 grms. of cupric acetate in a litre of water at 65^ until tlie yellow 
])r(*(*ipitate first formed has dissolved and allowing the soln. to stand—a red salt 
IS deposited ; M. P]. Chevreul, by mixing a boiling soln. of potassium or sodium 
sul])hite with copper suljihate or nitrate—J. 8 . Muspratt used a soln. of ammonium 
sul}>hit(‘, and modifications were employed by J. Bourson, H. Bdtlinger, 
♦I. B. Rogojsky, O. Dopping, and K. Seubert and M. Pjlten ; J. B. Rogoj.sky, and 
J.I. P. de St, (Jillcs, by treating a soln. of ammonium cuprous sulphite with co])]>er 
sul}>hate ; G. Kroupa, by boiling a soln. of cuprous sulphiti* with an excess of 
suljdiurous acid ; H. Bottiiiger, J. S. Muspratt, and L. J\ dc St. Gilles, hy boiling 
a soln. of ammonium cujuosic sulphit(‘ with water ; L. P. de St. Gilles, by boiling, 
or allowing to stand, a soln, of cuprous sulphite in sulphurous acid ; and K. Seubert 
and M. P>en, by boiling the filtrate from the basic sulphite. The salt furnishes 
dark red, garnet-red, co(*lnn(*al-red, or reddish-brown plates or needles or octahedra 
' not cubic octahedra. A. fttard gave 3*57 for the sp. gr. at 15^. M. PP Chcv'reiil 
said that the dr}" salt is stable in air ; and C. P’. Rammelsberg found that when 
heated out of contact with air to IbO"", some hygroscopic moisture is ex{)ellod ; at 
a higlicr temp,, water and sulphur dioxide arc given off ; and at a red-heat there 
remains brown cuprous oxide and cupric sulphate. If heated in hydrogen, copper 
and its sulphide and sulphate remain. A, l^tard said that at 18(P, in a current 
of <ulj)hur dioxide, carbon dioxide or monoxide, cupric oxide and cuprous sulphide 
are formed ; and in hydrogen sulphide, CU 3 S 2 is formed. P, Berthier said that the 
moist salt in air forms a mixture of neutral and basic cupric sulphate. U. Gin, 
and M. E. Che\Teul found that the salt is sparingly soluble in cold water ; and when 
boiled with water, M. Pk Chevreul said that sulphur dioxide, cupric sulphate and 
sulphide, and cuprous oxide are formed. J. S. Muspratt, H. Bdttinger, and 
G. Dopping made observations on this subject. C. Geitner found that when heated 
with water in a sealed tube at 2 (K)®, crystal plates of copper, and a soln. of cupric 
sulj>hite and sulphate ar <3 formed. A. £tard, and 0, Gin made observations on this 
subject. G. Gin, and P. Berthier said that the salt is soluble in sulphurous acid ; 
liydrochloric acid, aq. ammonia, and a soln. of cupric sulphate. The ammoniacal 
soln. is blue; and, according to C. P\ Rammelsberg, the hydrochloric acid soln. 
is brown, and when dihitt'd, gn^eii—J. S. Muspratt said that the hydrocdiloric acid 
soln. ia colourless; and 0. Dopping, yellow. The soln. in dil. nitric acid is not 
attended by tbc evolution of gas, and it is colourle^. L. P. de St. Gilles, and 
T. Parkman obtained the penfuhydraU\ CuSO 3 .Cu 2 SOjj. 5 H 2 O, from the emerald- 
green soln. obtained by passing sulphur dioxide into a soln. of cupric acetate. 
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N. A. £. Millun aud A. Coiiimaille did not obtain constant proportions for Cu'; Cu". 
A. fitard maintained that the red-coloured salt just de8crib(‘d is a cuprosic octo- 
sulphite, Cui*^S^024.26H20. 

A. obtained a buhic salt cuprosic ojryoctosulphitc, OujO.Cu nCu 

as a A t'liou < IN ^talJine proemitale, by passing sulphur dioxide mto a boIu. of cupno acetate 
at st) , M. Her tlielot obtained a basic sulphate by the roducing action of copper on ml- 
phufD- acid. \'. \ . Sanna obtained a rod, granular precipitate of cuprosic oxys^ulphUc, 
('u.().( ’uSO^,.rdl,>(), by the ai'tion of sulphur dioxide on yellow cuprous sulphide suspondecl 
in dll. alkah-l} e. 

I. . R. do St. (Jilles obfainod pentahydrated. ammonium cuprosic sulphite, 

(NH 4 )oS 0 .,j. 2 (.'u.^S 03 .CuSU;i. 5 HJ». in pale green, rhombic, doubly refracting plates 
by mixing sulu. of I'upric sniphate and aimnoiiium sulpkite, each saturated with 
sulphur tlioxide ; and N. Svtni^son. by passing the same gas into a soln, of cupric 
sulphate mixed with not epute enough ammonia to dissolve the preci* 
]>itate. A. J^osenheiin and 8 . 8 teinhaus('r obtained the Ju^tHitfid^cuhydf'cUc 
bv passing sulphur dioxide tlirontjh a cone. soln. of cupric sulphate mixed 
with ammonia until preci]ntation begins. A. fitard repoited SOdlum CUprofflC 
tetrasulphite, to be formed in chrome-yellow prisms, by 

nioisti'ning euyirosic siilpliate witli a cone. soln. of sodium hydrosulphite not in 
(‘xccss ; })V shaking a eon(‘., aip snlii. of sodium hydrosulphite with powdered, 
anhydrous cupric* sulyifiate ; and hy treating cupric acetate with an excess of a cold, 
cone, soln, of sodium hvdrosulphitc*; A. Kosenheim and S. Stednhauser made /?c/a- 
hifdnttcd sodium cuprosic pentasulphite, 2 Na 2803 .(Hi 2803 . 2 (JuS() 3 .()H 20 , in deep 
yellow crvstaK, by the action of a sat. soln. of 10-20 mols ol sodium liydrosulphite 
on a moi'of frohly precifdtated cn[)n(’ carbonate, and cooling the yellow soln. wnth 
ice. Tiu‘y also obtained an octohf/drafe of the same salt. A. Ltard obtained dark 
reddish-brown crystids of sodium cuprosic octosulphite, Nag(’u 48 B 024 . 9 H 20 , by 
treating red cujn'ou^^ sulphite with a cone. soln. of sodium hydrosulphito. ^ 

J. B, Kagojskv re p(»rted potassium cuprosic heptasulphite, KoSOa.SC'uoSOa. 
CuSOs, to be formed by laniing a soln. of copper sulphate* with potassium sulphite ; 
L. r, do St. (lilh’s obtained potassium cuprosic tetrasulphite, K 2 S() 3 . 2 Cu 2 S 03 . 
C11SO3.5H2O, in grt'en jirismalic plates, by mixing cu}>ric nitrate wdlli a cone. soln. 
of ]>otassium sulydiiTe .sat. with sulphur dioxide. A. Hosenheim and S. Steinhauser 
prepared potassium cuprosic hexasulpiiite, K 2 S() 3 .( 112803.41 )uS 04 . 16 H 20 , as a 
yellow' crystalline mass, by mixing cone. soln. of a mol of cuprie sulphate and 4'6 
to 8 mols of potassium hydrosulphite. 

P. Berthier obtained a soln. of CUpric sulphite, (hiSO;^, by the act ion of sulphurous 
acid on cupric carbonate ; and 8. B. Newbury said that the soln. is fairly stable 
at 0^, but the soli<l salt could not be i.solatc‘d. N. A: E. Millon and A. Commaille 
obtained CUSO3.2IH2O, by passing sulphur dioxide into a suspension of cupric 
hydroxide in alcohol. The green salt is insoluble in water, and is not decomposed by 
that liquid. F. Pudschies reported a dark blue mass of crystals of CUpric ammillO- 
sulphite, (hi803,4NH3.2H20, from a soln. of cupric tetramrainoacetate and sodium 
sulphite. He measured the electrical conductivity of the soln., and also the parti¬ 
tion of ammonia between an ammoniacal soln. of the salt and chloroform. The 
salt is hydrolyised by water. A. fitard obtained CUpric OXysulpMte, CuO.CuSOs, 
by heating the cuprosic sulphite*, to 180 ^ in an atm, of sulphur dioxide or carbon 
dioxide or monoxid<*. K. Seubert and M. Elten oV.)tained CUpriC hexahydroxytetra- 
sulphite, 4CuS03.3Cu(0H)2.5Jl20, by cooling to 3 ^ a soln. of 24*87 grms. of cupric 
suljihate and 12*58 grms. of sodium sulphite in a litre of water. The green pre¬ 
cipitate readily oxidizes; and dissolves without residue in sulphuric acid. 
S. B. Newbury prepared cupric oxydisu|phite, CuO.2CuSO3.nH2O, from the dark 
green soln. of cupric sulphite, formed by passing sulphur dioxide through well- 
cooled water containing precipitated cupric hydroxide in suspension, by exposure 
to air, or by passing a current of air through the soln., or by adding alcohol to the 
soln. The salt precipitated has a bright yellow ochre colour, and dries in air to a 



SULPHUR 


279 


yellow powder. It dissolves in dil. hydrochloric acid to a green soln., giving oil 
sulphur dioxide without separation of cuprous chloride, and in dil. sulphuric acid 
without separation of metallic copper. On boiling with water for a few minutes, 
the compound undergoes complete decomposition, a de(‘p-blue soln. of cop}>er 
sulphate and a brown, insoluble substance being formed, which, by hydrochloric 
acid, is completely converted into cuprous chloride with liberation of sulphur 
dioxide, and dissolves in sulphuric acid with liberation of metallic co])per. This 
substance is in all probability cuprous 8ulj)hite, for, on continued boiling 
with water, sulphur dioxide escapes and bright-red cuprous oxide is formed. 
When moist basic cupric sulphite is exposed to the air, it is gradually oxidized, 
forming cuj)ric sulphate, which may be dissolved out by water, leaving a yellowish- 
green, insoluble powder, which gives all the reactions of the original substance. 
P. Pudschies treated the dark blue soln. of cupric tetramminosulphite with a sat. soln. 
of sodium sulphite, and after the liquid had stood some time, he obtained a black 
])roduct which had a variable composition^—])ossibly sodmm cupric ammjMosulphitc, 
According to A. F. de Fourcroy and L. N. Vauquelin, S. Kern, and P, Berthier, 
silver sulphite, Ag 2 S 03 , is formed when a soln. of silver nitrate is treated with an 
excess of sulphurous acid or an alkali sulphite*, and the precipitation is almost 
quantitative. J. S. Musjiratt said that an excess of sulphurous acid tends to 
decompose the sulphite, and, according to H. Rose, if allowed to stand a long time 
or boiled wdth the sulphurous acid, metallic silver is formed ; an excess of alkali 
sulphite dissolves the precipitate. W. H. Sodeau made the sulphite by passing 
sulpliur dioxide into a soln. of silver nitrate ; washing the precipitate with warm, 
distilled water; and drying in vacuo over sulphuric acid. The white precipitate 
of silver sulphite consists of minute crystals. J. S. Muspratt said the precipitate 
resembles silver chloride, and is })lackened on exposure to light, while A. F. de 
Fourcroy and L. N. Vauquelin said that sunlight does not aliect silver sulphite. 
W. 11. Sodeau observed the blackening of both dry and moist siher siilphit<i on 
exposure to sunlight. E. Divers and T. Shimid/.u said that silver and mercury 
sulphites are not like most other inorganic sulphites, in that they are not liable 
to atm. oxidation. P. Berthier said that the sulphite is decomposed at 100°, 
whether dry or immersed in water, forming sulpliur dioxide, silver, and silver sul- 
j)hate; S. Kern made a similar observation. W. H. Sodeau observed that the 
dry or wet sulphite is slightly darkened in an hour at 100° ; and blackened in an 
hour at ITO"", in half an hour at 200°, and in a few seconds at 400°. J, S. Muspratt 
observed that sulphur dioxide is evolved below redness and silver and its sulphate 
arc formed ; and at a higher temp., silver, oxygim, and sulphur trioxide are pro¬ 
duced. G. N. Lewis and co-workers found that when silver sulphite is decomposed 
by heat, the reaction does not occur in accordance with the equation: 
Ag^SOg—AgjjO f SOg, but that the solid product of the reaction is either a basic 
salt or a solid soln. In presence of water, reaction takes place more rapidly in 
accordance with the equation 2 Ag 2 S 03 -~ 2 Ag 4 -Ag 2 S 04 +S 02 , this reaction being 
catalyzed by the water. Sulphuric acid is then produced in consequence of the 
further reaction represented by Ag 2 S 04 -f SOo-f 2 H 20 = 2 Ag-f- 2 H 2 vS 04 . C. Geitner 
observed that water decomposes it into silver and silver sulphate, and P. Berthier 
showed that the reaction is faster if some potasbium sulphite be present, or, according 
to J. S. Muspratt, sulphurous acid. In agreement with J. S. Stas, H, Baubigiiy 
said that in darkness silver sulphite is stable in the presence of water, but in diffused 
light it is decom]K)8ed, but the decomposition is slower than with heat. J. Bodner 
said that water alone decomposes the salt only when boiled, and silver is separated. 
H. Baubigny observed very little sulphur dioxide is formed by the action of boiling 
water’; the main products are silver, silver ditliionate, and sulphate. If heated 
in a sealed tube, the sulphur dioxide acting on the ditliionate increases the yield 
of sulphate ; and in a sealed tube at 2(K)°, much sulphur dioxide and sulphate are 
produced by the decomposition of the dithionat(. P. Berthier reported that silver 
sulphite is insoluble in water ; J. S. Muspratt, that it is very slightly soluble ; and 
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II. Baubigny, that water disbolves lesfe than 0-05 gnii. of silver suipliite. 1*. Berthier 
foinul that it is almost insoluble in sulfdiuroiis acid, but is soluble in aq. ammonia ; 
If. Rose, that it forms soluble com})]ex salts with alkali sulphites ; A. Rosenheim, 
that alkali hydrosulphite soln. dissolve marked quantifies of the sulphitc‘ ; 
J. F. W. Herschel, that it is easily soluble in a soln. of alkali thiosulphate ; P. Ber¬ 
thier, that strong acids—not acetic acid- -displace sul}>hurous anhydride ; 

^^rutwig, that chlorine reacts: 2 Ag 2 ^C'i+ 2 Cl 2 4AgCl 28 O 2 f- O^ ; and 
C. W. B. Norrnand and A. (\ Cumming, that iodine reacts : H ,0 

' SAgl-fHoSO,. (,. Bruno aiul G Bcvi propared silver tetramminosulphite, 
-^R 2 ‘‘^ei. 4 NH 3 ; and N. .Svenaaon, sodium silver Clllorosulphite, SNaoSOg AgCl. 
2 IH 2 O, soluble in water. N. Steig?nann foimd that soln. of the conijdex salt, 
with or without an excess of sodium sulphite, deposit a precipitate when kept 
several hours. The jirecipitate eousi.sts partly of silver sulphite, and jmrfly of 
silver. The longer the soln. is kept, the higher the rates of silver in the jireeijiitat/e. 
The ailtorednotion is strongly ( atalyzed hy traces of a copper salt. 

A. F. do Fourcroy and L. N. Yauquelin, and N. Svensson prejiared ammonium 
sUver sulphite, (NH 4 )AgiS 0 .}.H 2 O, by ilis^dving silver sulphate in a soln. of ammo¬ 
nium sulphite, and evaporating the liijuid over siiltihurie acid. If the soln. b(‘ 
warmed, it decomposes. The yellowish-brown prisms are insoluble in wati^r. 
N. Svensson, and A. Rosenheim an<l S Steinluinser prepared prismatic crystaLs 
of ammonium silver heptasulphite, 7(NH4)2B()j.Ag2S()3.191l2(), by concentrating 
a soln. of freshly precipitated silver chloride in one of ammonium sulphite ; and 
also from a soln. of silver sulphite in an excess of ammonium sulphite. A. Rosen¬ 
heim and S. Steinhaus(‘r also obtained ammonium silver tetraliy^oenneasulphite, 
4(N 114 ) 2803 .i(NH 4 )iLS 0 j.Ag 2 S 03 . 16 H 20 , which N. Svensson bad jireviously 
obtained and represented by the formula, 3 (NH 4 ). 2803 . 4 (NIl 4 )HS 0 ;j.Ag 2 S 03 . 181 l 26 , 
in hygrosci>pi(‘, quadratic crystals, from the mother-liquor obtained from the salt 
which })re( edes , from a soln. of silver chloride in one of ammonium sulphite and 
hydrosul])liite. The salt is freely soluble in water, and the soln. decomposes when 
heated. The salt soon blackens in air, but not in contact with its mother-liquid. 
I'rismatic crystals of sodium silver sulphite, NaAgS 03 .H 20 (or 2 H 2 O), were obtained 
by N. Svensson from a sat. soln. of silver sulphite in a sat. soln. of sodium sulphite ; 
and A. Rosenheim and S. Steiuhauser, by a similar process. The salt is decomposed 
by water The la.^t-named also olitaiiicd needles of sodium silver tridecasulphite, 
12 Na 2 S 03 Ag 2 S 03 . 84 H 20 , from a soln. of silver chloridt* in a sat, soln. of sodium 
sulphite. H. Baubigny obtained the same salt, and found that it slowly decom¬ 
posed at ordinary temp, in darkness, and more rapidly in light--silver is formed. 
Water at lOf) forms 97-5 per cent, of dithionate, anil 2*5 per cent, of sulphate. 

A. Rosenheim and 8 , Steinhauser could not prepare potassium silver sulphite, 
from a soln. of silver sulphite in one of potassium sulphite. 

C. Winkler obtained colloidal gold by the action of auric chloride on a 
dfl. soln. of sulphurous acid. A. Haase prepared ammonium aurous sulphite, 
( 1 sH 4 ) 3 Au(& 03 ) 2 . 1 JH 20 , from the mother-liquor of the amminosalt, and by treat¬ 
ing barium aurous sulphite with a soln. of ammonium carbonate. The ammonium 
aurous triamminodisulphite. {NH 4 )Aus(S 03 ) 2 . 3 NH 3 . 4 H 20 , according to A. Rosen¬ 
heim and co-workers, or, according to A. Haase, (NH4)20.3Au20.4802/)NH3 SILO, 
or 2 (NH 4 ) 20 . 5 Au 20 . 7 S 02 . 10 NH 3 . 2 H 20 , was obtained by dropping a dib soln. of 
auric chloride, as nearly neutral as possible, into a w'arm soln. of animoiiiuin sul¬ 
phite iu eonc. ammonia. The regular, six-sided plates arc white, and arc rapidly 
decomposed in moist air. The soln. in aq. ammonia is decomposed, when warmed, 
with the sej^aration of gold. The salt is also decomposed by water and acids. 

A. Rosenheim and co-workers preferred to represent this salt as anmionium aurosic 
ktrasulphite, Au 5 ^Au'"( 803 ) 4 . 8 NH 3 . 6 H 20 . A. Haase prepared sodium auroufi 
disulpUtO, Na 3 Au(S 03 ) 2 . 1 |H 20 , by the action of a soln. of sodium carbonate on 
recently-precipitated barium aurous sulphite. It is also formed by dropping a 
soln. of auric chloride in a warm cone. soln. of sodium sulphite ; by mixing sodium 
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iiy(li'osii]j>l)iie with a warm alkaline soln. of Hodium aurate ; or by the action of 
Rulphur dioxide on an alkaline soln. of sodium aurate at Probably the 

same compound was described by C. Hinily in 1846 . The pale orange-coloured 
salt darkens whtm dried. The aq. soln. is gradually decomposed by air; but it 
is more stable in th(‘ j)r<\sence of an excess of sodium sulphite, or sulphurous acid. 
It is precipitated by aleoiiol from these soln. It is decomposed by the stronger 
acids and gohl is ])n‘cipitated —both acetic an<] oxalic acids partially decompose 
the salt. Jfydrog(‘n Kuljihide givcH a j)reeij)it«at(‘ after acidification with hydro¬ 
chloric acid. Salts of copper, calcium, strontium, inagnesium, zim*, aluminium, 
iron(ic), cobalt, and nickel give no precipitate. It is soluble in rather loss than its 
own w^eight of water, and is insoluble in alcoliol. A. Rosenheim and co-workers 
regard the salt as a s'(xii)iw aurosir sulphite. R. Oddo and Q. Mingoia prepar(*d, 
the salt, Na5Au{80;j)4. 511 ^ 0 , by neutralizing an aq. soln. of auric cliloride with 
sodium hydroxi(le, and adding sodium Hulphit<‘ ; the addition of alcohol to the 
filtrate precipitates the yellow salt which has a green fluorescence. The mol. wl. 
calculated from the lowering of the f.p. of water has on(;-(‘ighth to one-tenth th(‘ 
theoretical value; so that th(‘ ionization is taken to be Na5Au(S03)4^-^^S(V' 
f Au 80 ;,‘ t r>Na‘ ; aiul the structure of tlie Au»S(t>-ion, O :S-- O2” An. The con¬ 
duct ivity, of soln witli M mols ])er litre at 18° is : 

M , 0()2:):) oouo 00077 oooai ooou 000021 

/A • . 501 521 550 on 601-2 709*2 

4 ’h(‘ anti-lulxTCular action is discussed by II. Mollgaard. The salt is completely 
absorbed from hypodermic or intramuscular injection, whilst there is a definite 
bactericidal action on Koch’s bacillus, the antitubercular action is not so great. 
In man. the maximum tolerated dose is 0*1 to 0*2 grm. A. Haase prepared potas¬ 
sium aurous disulphite, possibly K3Au(S03)2 ^IRO, from the barium salt as in the 
(*ase of sodium aurous disuljihite. 

A Hosenlieim and co-workers found that wh<*ii a cone. soln. of auric cliloridc 
is added drop by dro]) to a soln. of ammoiiiunx sulphite, containing an excess of 
ammonia, and the sola, gently wanned, colourless, lustrous leaflets of aoric tetram- 
ruinosulphite, Au2(803)j(NH3)4,4H20, separate. The salt is decomposed by 
inoLst air, and in neutral sola. They also ])r<‘pared SOdium auric sulphite, 
bNiioSO-j Auo(S() 3)3.28IRO, by mixing a cone. soln. of auric chloride with sodium 
liydroxid(‘, until tii(‘ pn'cipitatc redissolves, and adding, drop by drop, a cone, 
soln. of sodium sulphite so long as the soln. remains alkaline. The pale yellow 
n(*<*dlcs arc washed successively wdth alcohol, and ether, and dried in air. The 
<‘oiTesporiding potassium auric octosulphite, 5K2SO3. Auo(S03)3.5H20, was prepared 
in an analogous manner. K. Fremy obtained the salt, in yellow needles, by the 
action of potassium sulphite on a soln. of potassium aurate. It rapidly decomposes 
in neutral or acidic soln., but is stable in alkaline soln. Colourless needles of potas¬ 
sium auric tetramminohexasolpfaite, 3K2S04.Au2{S04)3.4NH3.4H2U, were ob- 
tairuHl by mixing a soln. of auric chloride with a cone, ammoniacal soln. of 
potassium sulphite, and cooling the filtered liquid, 
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§ 18. The Alkaline Earth Sulphites 

J. S. Muspratt ^ obtained calcium sulphite, CaS 03 . 2 H 20 , by the action of alkali 
sulphites, or sulphurous acid, on a suln. of calcium hydroxide or chloride—K. Seii- 
bert and M. Elten recomniond(‘d mixing 0*lxV-so]n. of calcium chloride and sodium 
sulphite, and obtained a precipitate free from basic salt. A. H. Rohrig ]>assed 
sulphur dioxide into water in which calcium carbonate was suspended. Th(‘ 
technical preparation of calcium sulphite was discussed by J. W. Kynaston.R. Powell, 
and A. Frank. F, R, Bichowsky prepared the dihydrate (1) by precipitation of 
fresh sodium bisulphite with calcium chloride. (2) by recrystallizatioii of commercial 
calcium sulphite from a soln, of sulphurous acid, (3) by })artial oxidation of calcium 
thiosulphate with hydrogen peroxide in alkaline soln. (a new reaction), (4) by 
thermal decomposition of soln. of calcium thiosuljdiate. The white, precipitated 
sulphite was found by J. S. Muspratt to be sparingly soluble in 8ul])hurous acid, 
and the soln. furnishes six-sided prisms, with a sulphurous taste. A. H. Kohrig 
found that ^at 80 three-fourths of tin* water of crystallization is (‘xpelled, and all 
at 100 . Schott showed that at 125*^, the precipitated sulphite loses almost 
8*66 pei cent, of water, and at a red-heat a variable amount of sulphur dioxide, so 
that the residue contains calcium oxide, sulphide, and sulphate. R. G, W. Farnell 
^udied the precipitation of calcium sulphite in sugar factories. F. Forster and 
K. Kubel observed that calcium sulphite decomposes at 650°,4CaSO3^3CaSO44 CaS, 
but above d00\ the equilibrium is disturbed by the reaction CaS 08 ^:^Ca 0 +S 02 . 
This dissociation is percejitible at 650^, and is almost complete at 1100^ The 
residue contains calcium sulphate and oxide because the equilibrium 3 S 02 ^ 2 S 03 ~h 8 
becomes effective at high temp. The rate of decomposition increases rapidly 
between 650 and 700^ but only slowly between 700^ and 800^ F. R. Bichowsky 
gave 42-7 cals, per mol for the sp. ht. of (^aS0,.2H20 ; and for the heat of the 
reaction at p, Ca+S 03 + 2 H 20 -CaS 03 . 2 H 20 f9740 cals. M. Trautz and 

C^als.; and CaS 03 . 2 H 20 +H 202 aq. 
-~Ca8U4.2H2U+H20+81*3 Cals. The mixture of calcium sulphate and sulphide 
obtained by heating the sulphite to redness was found by A. Forster to be phos- 
pnorescent. J. S. Muspratt observed that the sulphite slowly oxidizes to sulphate 
!!! ® dissolve 0-125 part of salt. J. Rohart showed 

that at 100 , a litre of water dissolves calcium sulphite eq. to 78 ragrm. of CaO; 
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and a 12 per cent. soln. of sugar at the same temp, dissolves sulpliite eq. to 
37 mgrm. CaO. J. Weisberg found that a litre of a 10 per cent. soln. of sugar 
at 18° dissolves 0-0825 grm. of calcium 8ul})hite, and 0-08CK) gnu. is dissolved 
by a 30 per cent. soln. ol sugar at 18°. F. R. Bichowsky gave O O 4372 luols per 
litre at 25°. T. van der Linden found that the solubility of calcium sulphite 
in water and in sugar soln. is depressed by the presence of calcium sulphate from 
0-065 to 0-032 grm. per litre ; and also by raising the t('mp. E. C. Franklin and 

C. A. Kraus found that calcium sulphite is insoluble in liquid ammonia ; W Fhd- 
mann, and W. H. Krug and K. P. MacElroy, insoluble in acetone ; and A. Nau- 
mann, insoluble in methyl or ethyl acetate. R. Wagner said that wlum oxidized 
by water and iodine, calcium iodide and sulphate are produced. L. (Airius found 
a difficulty in obtaining a thoroughly dry sulphite, but by kceinng the calcium salt 
in a current of dry air at 150°, he obtained the dry salt and found that in a sealed 
tube with phosphorus oxychloride at 120°, there is but a very slight reaction ; at 
150°, he did not observe the formation of thionyl chloride, l)iit found that a reaction 
evolving large quantities of sulphur dioxide occurred, 3 CaS 03 “T- 2 r 0 Cl 3 -^Ca 3 (P 04)2 
-d 38 OPI 0 , but, according to E. Divers and T. Shimidzu: 6 CaS 03 + 2 P 0 Cl 3 -Ca^(P 04)2 
-d-3CaCl2-}-6S02. If dry calcium oxide at 400° be treated wit h dry sulphur dioxide, 
for 60 hrs., K. Birnbaum and C. Wittich found that the product corresponds with 
calcium Oxypentasulphite» 6Ca0.5S02. F. Schott added that at ordinary temp. 
v(Ty little sulphur dioxide is taken up; at a temp, higher than 4(X)°, the product 
is a mixture of calcium sulphide, sulphite, and sulphate. F]. F. Anthon added 
that at ordinary temp., calcium hydroxide is only about half neutralized by sulphur 
dioxide. The acid sulphite— calcium hydrosulphite, Ca(HS 03 ) 2 —is known only 
in soln. B. W, Gerland found that KK) c.c. of water with 9 grms. of sulphur dioxide 
in soln. dissolve 0-553 grm. of calcium sulphite. A similar soln. was obtained 
by J. von Liebig by dissolving calcium carbonate in vsulphuroiis acid. The technical 
])reparafion of the acid sulphite soln. ^^as di.scussed by J. W. Kynaston, 0. Giller, 

D. W, Stewart, and R Ilasenclever. Sul]*hite liquors pre])ared from gases resulting 
from the comhustion of sulphur or pyrites were shown by R. Sieber to contain 
thiosulphates and polythionates. 

J. S. Muspratt obtained anhydrous strontium sulphite, SrSOs, by adding an 
alkali sulphite to a soln. of a strontium salt. K. Seubert and W. Elton made 
it by mixing 0*lA"-soln. of strontium nitrate and sodium sulphate, and added that 
the white precipitate supposed to be anhydrous is really tlie hemihydrate, 
LaS 03 .|H 20 , whether jireoipitated hot or cold. The white, tasteless powder can 
be crystallized from its soln. in sulphurous acid. J. 8. Muspratt said that the 
sulphite slowly oxidizes in air to sulphate. W. Autenrieth and A. Windaus found 
that 100 grms. of water dissolve 0-0033 grm. of the salt. L. L. do Koninck found 
that the solubility in the presence of an excess of sodium suliihite is nearly the 
same as that of strontium sulphate in a soln, of ammonium suljihate 

A. F. de Fourcroy and L. N. Vauquelin passed sulphur dioxide into water with 
barium carbonate in suspension, or into an aq. soln. of a barium salt, and obtained 
barium sulphite, BaSO^, K. Seubert and M. Elten, J. S. Muspratt, and A.' Forster 
also made the same salt. It is obtained by mixing, say, normal soln. of sodium 
sulphite and barium chloride or nitrate. The white precipitate, said J. S. Muspratt, 
consists of tasteless, needle-like crystals; A. H. Rohrig said it dissolves easily— 
J. S. Muspratt said sparingly—in sulphurous acid, and the soln. w’as found by 
A. F. de Fourcroy and L. N. Vauquelin to furnish tetrahedral crystals. J. S. Mus¬ 
pratt found that the crystals decrepitate when warmed and give oil when heated 
a little water, and sulphur and sulphur dioxide ; while A. Forster observed that the 
mixture of sulphide and sulphate formed by heating the sulphite out of contact 
with air is phosphorescent; and P. Bary found that the uncalciiied salt phos¬ 
phoresces neither in Becquerers rays nor in X-rays. V. J. Sibvonen found maxima 
in the ultra-red reflection spectrum at 10-9/x and 19*7/x. A. F, de Fourcroy and 
L. N. Vaxiquelin found that barium sulphite is sparingly soluble in water; and, 
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according to W. Autenrieth and A. Windaus, 100 grni8. of water at ordinary 
temp, dissolve 0*00022 grm. of the salt. J. Kogowicz gave for the solubility, 
in water and in soln, of sucrose—per rent, by weiglit—at 20'^ and 80'’, in grama of 
barium sulphite per 100 c.c. of solvent: 
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A. Naumannfound barium sulphite to be insoluble in acetone, and in methyl acetate. 
C. St. Pierre found that the soln. in sulphurous acid is decomposed when heat(*d 
out of contact with air, forming sulphuric acid, and a jiolythionic acid ; whih' 
W. Spring showed that 8ul])hur monoehloride converts it into a trithionate. 
A. Haase mixed a soln. of sodium aiirous sulphite with barium chloride and olitained 
first a precipitate of barium sulphate, then barium sulphite. The filtrate was 
mixed with barium ehloride, and an amorphous jireeipitate of barium aurous 
sulphite, ^BaSO^.AuoSO-i.uHoO, was formed which was couvert(‘d ]>y ammonium, 
sodium, or ]>otassinm ('arhonate into the eorresjxuuling aurous salt. 
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§ 19 . The Sulphites of the Beryllium-Mercury Family 

According to P. Berthier,i beryllium hydroxide is readily soluble in sulphurous 
acid ; and H. Bot linger found that if aluminium hydroxide or ammonium sulphate 
be also present, boiling the soln. will re-precipitate the beryllium hydroxide. 
G. Kriiss and H. Moraht obtained normal b^llium sulphite* BeSOg, by allowing 
absolute alcohol, saturated with sulphur dioxide, to act on freshly precipitated beryl¬ 
lium hydroxide well-washed with alcohol. The colourless soln. was evaporated in 
vacuo. The white crystalline powder consists of hexagonal plates which are 
stable in dry air. They are very hygroscopic, and in moist air form the basic 
sulphite. The salt is hydrolyzed by water. A. Atterberg obtained beryllium 
oxysulphite, BeO.BeSOa, by adding alcohol to a soln. of beryllium hydroxide in 
sulphurous acid, and the thick syrupy precipitate crystallizes when confined over 
cone, sulphuric acid. G. Kriiss and H. Moraht obtained beryUium Q3cytrisulphite« 
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Be0.3BeSOg, by evaporating in vacuo a huIii. of tlie oxynulphitc in absolute alcohol 
to which a few drops of sulphurous acid have been added. K. Seubert and M. Elten 
obtained the beryllium octohydroxydisulphite, 8 Be( 0 H) 2 . 2 BeS 03 . 6 H 20 , by 
mixing at ordinary temp, normal soln. of beryllium chloride and sodium sulphite. 
It is probable that these liasic salts are arbitrary stages in hydrolysis of th(j normal 
sulphite. According to A. Kosenhcim and P. AVoge, crystals of potassium beryl¬ 
lium trisulphite, K 2 BO 3 . 2 BeSO 3 . 9 H 2 O, are produced by cva])orating, in an atm. of 
sulphur dioxide, a aoln. of beryllium liydroxide and freshly prepared jiotassiuin 
hydrosulphite in sul[)hurous acid. They also obtained a precipitate* of ammonium 
beryllium sulphite, (NH4)20.2Be0.3S02.41l20, which w-as very unstable in air, 

P. J. Ilartog 2 obtained anhydrous magnesium sulphite, MgSOs, by dehydrating 
one of the hydrates at 170° in a current of dry hydrogen—not sulphur dioxide. 
A. H. Rohrig, E. Mitscherlicli, and J. B. Muspratt obtained the trihydrate, 
MgSOs-SHoO, by crystallization from hot sfdn., or by crystallization over sulphuric 
acid ; and P. J. Ilartog, the hexahydrat^, MgB 03 . 6 H 20 , by evaporating the soln. 
below 100° in vacuo. The aq. soln. was made by P. J. Hartog, (1. A. Arrlibold, and 
K. H. Davies by passing sulphur dioxnh* tlmuigh water with magnesia, or magnesia 
alba in suspension, and evaporating the filter(‘d soln. C. G. Beliwalbe and K. BerncU 
described the preparation of magnesium liydrosulpliite liquors hjr cellulose. K. Beu- 
bert and M. Elten obtained the hexahydrate by crystallization at ordinary temp, 
from a soln. of 0-]A’'-MgSO4 OdA^-Na 2 B 03 . The irihydrate forms trans- 
jiarent rhombic crystals; the crystals of the hexahydrate are trigonal pyramids 
which G. Werther found to liave tlic axial ratio a : c -I : 1*0290. C. F. Wittich 
found that the salt b(*gins to decom{) 08 <': bMgBO.^ 2 MgB 04 -f 3MgO+2B()2“fB 
about 2UF-215''. F. Forster and K. KubeKsaid that magnesium sulphite at 300° 
decomposes according to 4 MgB 03 ““( 2 MgB 04 -r 2 MgS 02 ) —2MgS{)j-f MgSoOj+MgO, 
where the magnesium sulphoxylate is an int(Tmediate j>roduct. The jiartial 
decomposition of the thiosulphate: MgS 203 MgBOad-B, and flu* dissociation of 
the sulphite : MgB() 3 ^Mg 04 B() 2 , occur at higher t(*inj>. J. Jlartog gave for 
the heat of formation : (Mg,S,3())--222*92 (^als.; (MgBO.^jOllol1 (’als. ; 
and (MgSO 3 .Glf 2 O.oi 1 a) 13*88 Cals. A. F. de Fourcroy and L. N, Vau<|uelin said that 
the taste of the salt is earthy and then sulphurous, and when heated the salt loses 
water and then sulphur dioxide ; in air the crystals become opaque, forming 
magnesium sulphate ; and Kit) parts of cold w^ater dissolve 5 parts of salt ; hot 
water dissolves more salt; II. Hager said that 100 parts of cold water dissolve 
1*25 parts of salt ; and boiling w'atcr, 0-833 jmrt. K. Seubert and M. Elten 
showed that wlu‘n magnesium .sulphite is crystallized from hot wat(T, no basie salt 
is produced; G. A. Barbaglia and P. Gucci, that when Jieated in a sealed tube 
with sulphurous arid : 3 Mg(HS 03)2 ~ 3 MgB 04 +H 2 B 04 + 2 B i-2H20 ; E. C. Franklin 
and C. A. Kraus, that it is insoluble in liquid ammonia ; and is preei}>itated from 
its aq. soln. by alcohol. The acid salt magnesium hydrosulphite, Mg(HS()3).2, is 
known only in aq. soln. A. F. de Fourcroy and L. N, Vauquelin obtained 
ammonium magnesium sulphite, (NH4)2S03.3MgS03.18H20, from a soln. of 
magnesia in one of ammonium sulphite ; C. F. Rammelsberg, from a soln. of its 
component salts ; and P. J. Hartog, by neutralizing a soln. of magnesium suljihitc 
with ammonia, passing Bul])hur dioxide into the soln. ; and again neutralizing 
with ammonia. The crystals W’ore obtained by evaporating the soln. in vacuo. 
A. F. dc Fourcroy and L. N. Vauquelin found that the crystals are almo.st tasteless, 
and are sparingly soluble in water. J. C. G. <ie Marignae gave for the axial ratios 
of the monoclimc prisms a : b : r 1*9012 : 1 ; 0*8741, and fi 125° 185 The (IOC))- 
cleavage is distinct. P. J. Hartog found that the crystals lose 12 mols. of water 
at 115'~120°; and deconipo.so above 125°. The heat of formation is 
(3MgS03.6H.0,(NH4)2S03)---2110Ca1s.; {3MgS03,(NH4)2B03,18U20,oi.<i)--‘>9*18 
VnK; and 03MgBO3,(NH4).2S()3,0H2O,,n<i) "20*18 F. L Hahn obtained the 

conqdex salt as in the ca.se of tin* animonium copper sulphite. 

A. F. do Fourcroy and Jj. N. Vauquelin ^ dissolved zinc oxide in sulpliurou.s 
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acid, and obtained small crystals wliich, according to the analyses of J. S. Muspratt, 
and M. J. Fordos and A. Gelis, are dihydrated zinc sulpliite» ZnS 03 . 2 H 20 , and, 
according to those of C. F. Ranimclsbcrg, J. C. G. de Marignac, and G. Deniges, are 
the hemipentahydrate, ZnS 03 . 2 pi 2 O. A. Vogel obtained the crystals by evaporating 
the aq. soln.; d. S. Muspratt, by precipitating with alcohol or ether; and 
P. Bertliicr, and K. Seubert showed that if the soln. be boiled, a basic salt is formed. 
G. Deniges mixed a cold soln. of 100 grins, of zinc sulphate and 400 grms. of water 
and 2 c.c. of acetic acid, with one of 100 grms. of sodium sulphite, 400 grms. of 
water and 2 c.c. of acetic acid ; and K. Heubert and M. Elten, cold normal soln. 
of zinc sulphate and sodium sulphite. 

The prismatic or acicular ciystaJs were found by J. C. G. de Marignac to be 
monoclinic wuth the axial ratios u : 6 : c—0*836 : 1 : 0*821, and j3==93^ 40'. 
F. T. Houston and C. R. C. Tichborm* said that when dried at lOO'^, the crystals are 
dehydrated ; while K. Sf'ubert said that the salt with 2| mols. of water loses all the 
water at lOO'". A. H. Rdhrig obtained the monohydrate by pressing the dihydrate 
between bibulous pa])er for a long time, C. F. Rammelsberg found that at 20(P, 
sulphur dioxide is evolved and the residual zinc oxide contains some sulphate. 
A. F. de Fourcroy and L. N. Vauquelm said that the salt is sparingly soluble in 
water, and insoluble in alcohol; and C. J. Koene, that it is sparingly soluble in 
sulphurous acid, without forming zinc hydrosulphite, ZnpISOalo. W. E. Hender¬ 
son and H, B. Weiser observed that when zinc sulphite is precipitated by passing 
sulphur dioxide into water with zinc sulphide in suspension, the zinc sulphite first 
precipitated passes into ^oln.as the hydrosulphite— vide infra, manganese and ferrous 
sulphites. According to M. Michels, zinc sulphite absorbs basic dyes at 100“^ but not 
in the cold, C. F, Rammelsberg observed that the soln. in aq. ammonia, when 
evaporated in a warm place, deposits crystals of zinc anuniuosulphite» ZriS 03 .NH 3 ; 
M. Pruddiomnie showed that the soln. of zinc in ammonium hydrosulphite gives 
zinc diamminosulphite, ZnS 03 . 2 NH 3 . F. Epliraim and E, Bolle obtained zinc 
triamminosulphite, ZnS 03 . 3 NH 3 .?'iH 20 , by saturating a soln. of the sulphite with 
ammonia. (\ Bruckner showed tliat when zinc sulphite soln. is reduced with 
magiK'shim, sulphur dioxide, and zinc oxide, sulphide, and sulphate are formed; 
tlie Badische Anilin- und Sodafabrik, that with zinc-dust and formaldehyde, a com- 
])lex compound of formaldehyde and zinc hvdrosulphite is formed ; and G. Scurati- 
Manzoni, that boiling with manganous hyroxide forms zinc hydroxide and manganese 
sulphate. P. Ray and B, K. Goswami added a soln. of zinc hydrosulphite to an excess 
of a cone. soln. of hydrazine, and dried the voluminous, white precipitate of zinc 
dihydrazinosalphite, ZnS 03 . 2 N 2 H 4 . 1 |H 20 , over sulphuric acid in vacuo. The salt 
is alkaline towards litmus, and it is decomposed by water. If a suspension of this 
salt in water is treated with sulphur dioxide, zinc hydrazinohydrosulphite* 
Zn(HS 03 ) 2 .N 2 H 4 , is formed as a white powder which is acidic towards litmus. If a 
soln. of zinc hydrosulphite is added to a dil. soln. of hydrazine acetate, or hydrate, a 
mixture of this salt and zinc sulphite is formed. K. Seubert reported that the 
basic salt zinc octoxypentasulphite, 8 ZnO. 5 Zn 8 O 3 . 4 H 2 O, or 8 Zn(OH) 2 . 5 ZnSOs, is 
obtained from a warm soln. of 0 'LV-ZnSO 4 and ()*liV-Na 2 S 03 ; or by heating a diJ. 
soln. of zinc sulphite, or diluting a cone, soln. ; and zinc hepoxyoctosulphite^ 
7 Zn 0 , 8 ZuS 03 .??H 20 , or 7 Zn( 0 H) 2 . 8 Zn 8 O{. 7 H 2 O, or possibly zinc dibydrozy-* 
salphit6» Zii{ 0 H) 2 .ZnS 03 .H 20 , by mixing warm normal soln. of zinc sulphate 
and sodium sulphite. E. Borglund obtained ammonium zinc ZOlphitC* 
(NH 4 ) 2 S 03 .ZnS 03 , from a soln. of zinc chloride and ammonium chloride with 
an excess of ammonia and neutralized with sulphur dioxide. F. L. Hahn and 
co-workers prepared the ammonium zinc sulphite as in the case of the ammonium 
copper sulphite. Unstable while crystals of potassium zinC SUlphitC* 
K 2 SO 3 . 3 ZnSO 3 . 7 ULO were obtained in an analogous way. The salt is decomposed 
by water. 

M. J. Fcirdo^ and A. Udlis found lhat when cadmium dissolves in sulphurous 
acid, cadmium sulphide and sulphite are formed. C. P. Rammelsberg obtained 
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anhydrous cadmium sulphite, CdSOs, by passing sulphur dioxide through water 
with cadmium carbonate in suspension ; and evaporating the liquid. A. H. Rohrig 
evaporated a soln. of cadmium carbonate in sulphurous acid. G. Deniges obtained 
the trihydrate, CdS 0 ; 5 . 3 H 20 , from a cold, dil. acetic acid soln. of cadmium 
sulphate in 2 | times its weight of water and a similar soln. of so{iium sulphite ; 
if boiling soln. be used, the anhydrous salt is obtained. J. S. Muspratt 
obtained the dihydrate, CdS() 3 . 2 H 20 , by precipitating the aq. soln. witli alcohol; 
and K. Seubert and M. Elten, as a granular precipitate, from a soln. corre¬ 
sponding with 3 CdS 04 . 8 Ho 04 3 Na 2 S 03 “ 3 CdS 03 -|- 3 Na 2 S 04 -“l“ 8 H 20 ; G. Deniges, 
the hemitrihydrate, (MSOs.ipi^O, by mixing 10 per cent. soln. of cadmium nitrate 
and sodium sulphite ; and K. Seubert and M. Elten used A'-soln. of cadmium sul¬ 
phate and sodium sulphite ; V.. F. Rammelsberg found that the salt is slowly oxi¬ 
dized in air ; and when heated, it forms a mixture of cadmium oxide, sulphide, and 
sulphate. It dissolves sparingly in water, and freely in dil. acids. J. S. Muspratt said 
that tlie salt is soluble in aq. ammonia, and insoluble in alcohol; and A. Naumann, 
insoluble in acetone. 0. F. KarameLsbe^rg found that when the soln. in aq. ammonia 
is cooled, it furnishes cadmium amminosulphite, CdSOg.NHs, as a crystalline 
powder. P. Ray and B. K. Goswami prepared cadmium hydrazinosulphite, 
CdS() 3 .N 2 H 4 , as in the case of the zinc dihydrazinosulphite, and cadmium hydra- 
zinohydrosulphite, as in the case of the corresponding zinc salt. E. Schiilor passed 
sulphur dioxide into a soln. of cadmium chloride saturated with ammonia, and 
obtained a white, crystalline precipitate of ammonium cadmium sulphite, 
CdS 03 -(NH 4 ) 2 S 03 . F. L. Hahn and co-workers prepared the complex salt as in the 
case of the ammonium copper sulphite. E. Bergluiid obtained sodium cadmium 
sulphite, Na 2 S 03 . 3 (MiS 03 , or (Na.O.SO.O.Cd.O.SO.O) 2 Cd, as a white crystalline 
powder, by adding sodium sulphite to a soln. of a cadmium salt until the precipitate 
first formed redissolves, and allowing the liquid to stand for crystallization ; he 
could not prepare potassium cadmium sulphite. 

A. VogeH suppostid that he had made white mercurous sulphite, irg 2803 , 
by the action of an excess of sulphurous acid on mercuric oxide ; and C. F. Ram¬ 
melsberg, a l)a 8 ic sulphate, Hg 20 : 802=2 : 3 or 3 : 4, by passing sulphur dioxide 
into water with freshly precipitated mercuric oxide in suspension. L. P. de St. Gilles 
said that the soln. produced in the action of sulphur dioxide on mercuric oxide 
suspended in water yields a precipitate which is a mixture of mercurous and 
mercuric sulphites, and until this precipitate had formed, the soln. did not contain 
either a mercurous salt or a sulphate. K, Seubert and M. Elten, and E. Divers and 
T. Shiraidzu were unable to prepare this salt. E. Divers and T. Shimidzu said 
that when mercurous sulphite might be expected to appear there is formed instead 
a metameric salt which he called kypomercurosomercuric sulphite, or hypo- 
merourosic sulphite, Hg 4 (S 03 ) 2 .H 20 , and represented by the formula : 

„ ^S 02 . 0 ^„ 

where Hg 3 is regarded as a bivalent mercurous radicle in the same sense that Hg 2 
is the bivalent mercurous radicle. Oxymercurous salts are blackened by sulphurous 
acid and the sulphites, as A. Vogel noticed when he treated mercurous nitrate 
with sulphurous acid, he mistook the resulting black powder for mercury itself, 
whereas E, Divers and T. Shimidzu showed that the product is really liypomercurous 
sulphite. This compound is formed in the reaction between sulphurous acid, water, 
and mercurosic sulphate, mercuric oxysulphite, and mercurous sulphate or nitrate : 
mercurosic sulphite, mercuric oxysulphite, and mercurous sulphate or nitrate: 
2 (H.S 03 H)+ 2 (HgN 03 ) 2 = 4 HN 03 +Hg(S 0 s) 2 .Hg 3 . It is also formed by the action 
of a soln. of sodium sulphite on mercuric oxysulphite, mercurosic sulphite, and 
mercurous sulphate, nitrate, or chloride: 2 Na(S 02 . 0 Na)-h 2 (HgN 03 ) 2 — 4 NaN 03 
hHg(S 020 ) 2 Hg 8 ; ami by the action of silver sulphitt^ on an aq. soln. of mercurous 
nitrate or sulphate. Mercurosic liyposulphite is a greyish-black amorphruis 
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sulisluiice, obtained as a voluminous, llocculont pn'cipitate, insoluble in water. It 
is very unstable in water, but can be preserved dry for a considerable time, without 
much change. Left to itself at eonunon leuip., it v<Ty slowly evolves sulphur 
tlioxide, leaving mercurous sulphate and mercury. The co-operation of moisture 
is, no doubt, essential to this change, the primary form of which will be hydrolysis 
into mercury and sulphuric acid, to ])c followed by reaction between unchanged 
sul]>hito and the sulphuric acid. The production of sul])liur dioxide and mercury 
shows the change not to be one of oxidation of sulphite to sulphate by the air : 
Hg4(i^<>3)2-H.0-2Hg4HK.S04iS0o t IloO Heatt'd dry to 80 \ it rapidly 
undergoes a change similar to that whicJi takt's jdacc slowly in air. Wlnm gradually 
heated in vaeiio, the liberated mercury is volatilized. When heated with sufficient 
water there is a tumult nous reaction : Hg4(S()3)2.H2()-}-ILO 4 Hg [-2112804. If 
the proportion of w’ater is so small as to leave the sid])huric arid sonu'wdmt con¬ 
centrated, some mereurons sulphate also forme<l, but not otlierwise. The 
product of the sulphate is then (hie to a reaction h(‘t\veen unchanged sulphate 
and the sulphiirie acid. Hv]>omercurosi(‘ sulphif(‘ resists th(‘ action of rather 
dih sidphuri(' acid. It is converted hy a sola, of ]>otassium hydroxide into 
mercuric 2)otassium sulp]iit(\ which diNsolves, and meriurous oxide and mercury 
which remain insohihle : Hg(H020)2ng^v^rt>^^'T 2KOH ”Hg(S02.0K)2.H20+Hg 

-f-Hg20-fIl20. llydroehloTic and at once Hherates sulphur dioxide, and forms 
mercuric chloride in sonn* quantity. The insoluble matter only slow’ly changes 
from the nearly black colour of tlie sulphite to a liglit grey, even w'ith thorough 
trituration of the whoh' in a mortar. It then consists c»f mercurous chloride and 
a very little free mercurv, while the soln. (ontains no more than minute quantities 
of mercuric chloride. The primary reacti<ui is: irg(S0.i)2Hg3+lH(1--IIgCl2 
+2IIoS02-f Hgd ng2CL- The mercury and the mercuric chloride then slowly 
unite and form more mc^rcurous chloride, a.s they can he shown experimentally to 
have the powxT to do. Possibly a black hypomercurous chloride, HgjjCL, is one 
of the primary products, wdiich then acts upon the mercuric chloride : Hg3(42 f"Hg0l2 
^2(HgCl)2. Dil. nitric and sulphuric acids have no action ; and nitric’ acid 
reacts only when sufficiently concentrated to oxidize. Its resistance to acids is 
remarkable and distinguishes this compound from mercurous oxide. Sulphurous 
acid decomposes it, producing mercury and a soln. of mercuric hydrosulphite : 
Hg(S03)2Hg3+2H(HS03)—2Hg42Hg(HS03)2. The presence of sulphuric acid 
inhibits the action of sulphurous acid on hypomercurosic sulphite—-otherwise it 
could not be possible to prepare the salt in a state cd ]mrity. A soln. of sodium 
sul])hite converts hyjHunerciirosie suljihite into mercuric sodium sulphite, and 
a re.sidue of mercury, the action being similar to that of sulphurous acid. Silver 
sodium sulphite soln. takes mercury in [)lace of its silver, all the silver being precipi¬ 
tated, if not in excess. The blackish hy])omercuro.si(' suljihite is converted into 
something still blacker, probably mercuric argentous sulphite. Excess of silver 
sodium sulphite does not destroy this black matter, or only slowdy destroys it. If 
boiled with water, it yields spongy silver amalgam ; and whiui washed wdth cold 
water, it slowly undergoes the same change. The reaction is perhaps: 
Hg(«03)2Hg3+6Ag(S03Na)=Hg(S02)2Ag4+2Ag-f3Hg(S03Na)2. If the silver 
sodium sulphite is used in excess, and after the reaction, it is diluted with water, 
it shows a greyish-white turbidity, through the liberation of a minute quantity 
of silver. Apparently a very little mercuric argentous sulphit-e dissolves in the 
undiluted soln. of the other sulphites, and on dilution parts with some of its silver. 
Sodium chloride soln. produces mercurous chlori<lc, mercuric sodium sulpliite, and 
mercury: Hg(S03)2Hg3+2NaCl=:Hg(S03Na)2+Hg-f (HgCl)2. Potassium iodide 
soln. converts it into mercurous iodide and potassium sulphite. Then, as in any 
case would happen, concentrated soln. of potassium iodide resolves this mercurous 
iodide into mercury, and mercuric iodide dissolving as double iodide; but the 
presence of the pota.ssium sulphite does not appear to affeei this decom]>OBition ‘>1 
the mercurous iodide. Mercuric chloride solu. reacts wdth hypomercurosic sul})hite 
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to form mercurous chloride and sulphuric acid: 1 2FL()d ^^HgCl^ 

~2804H2+4(HgCl)o, but its action takes some time to compJ(*te, and tlu' nuTrurous 
chloride is at first very grey. When the mtucuric ciilornh* is not in excess, the 
filtered soln. of sulphiirie acid is fnn* from both mercury and (dilorine, but when it 
is added quickly in excess and a1 once filtered, a soln. is obtained which continues 
to deposit crystalliiK' mercurous chloride for some time. The r< action is, there¬ 
fore, similar to that between meicurosic sulphite and mercuric chloride. First, 
mercuric sulpjiite (or chloride-sulphite) and hypomercurous chloride (or mercury 
and mercurous chloride) are formed: Hg(803)2Hg3 \ ligCU lIg(S03)2llg 

+Hg3Cl2(?Hg+Hg2Cl2) ; then mercuric sulphite and water become rnercurosic 
sulphite and suljihurie acid ; the rnercurosic sulphite (h‘composes to form mercuric 
chloride ; and so the changes follow on until no more sulphite nunains. Th(' hypo - 
mercurous chloride (or mercury) slowly unites with mercuric chloride to form 
mercurous chloride. Mercuric oxide (precipitated) has no immediate action on moist 
hyporacrcurosic sulphite. With the oxide not in excess, the mixture slowly changes 
to mercurous sulphate and mercury, a result apparently not due to any direct 
reaction between the two sub.stances. With the oxide in excess, a bright orange- 
brown mercury oxyaulphite is at once formed. It is at once decomx)osed by hydro- 
chloric acid in the usual way, but is insoluble in dil. nitric acid ; this affords a ready 
means of removing the excess of mercuric oxide. A little mercurous sul})hatc was 
present with it. Mercuric nitrate soln, rajiidly converts hypomercurosic sulphite 
into rnercurosic sulphiU*, becoming itself changed to mercurous nitrate: 
Hg(S03)2Hg3-f-Hg(N03)2-”Hg(S03)2Hg2+(HgN08)2. As mercuric nitrate readily 
tak(‘a up mercury, the above equation, showing the transfer of one of the three 
atoms of the liy^Himeicurous radicle to the mercuric nitrate, presiuits no difficulty. 
'Fhe nuTcurosK* sulphilt* obtaiiuMl in this way is always of a light buff colour, instead 
(d wliite. This colour i.s cliaractenstic of rnercurosic sulphite not obtained by hydro¬ 
lytic dec(*niposition ; for the reaction between mercuric sodium sulphite and 
mercurous nitrate or sulphate yields it also of this colour. Formed by hydrolytic 
methods, it is always exceedingly whit(‘. Mercuric sulphate soln. behaves like 
mercuric nitrate, but in this ease the mercurous sulphate formed precipitates 
and mixes with tlie mt*rcurosic sulphit(‘. Mercurous nitrate soln. and mercurous 
sulphate an', as might be expected, inactive. So, too, is silver nitrate. 

E. Paterno and U. Alvisi obtained rnercurosic sulphite, Hg^SOs.HgSOQ.^iHoO, 
as a white precipitate, by the action of sulphur dioxide on a soln. of mercuric 
fluoride in dil. hydrofluoric acid. A yellow colour is possibly due to admixed 
mercury. E. Divers and T. Sbimidzu represented this salt by the formula : 




SOj.OHg 

'SOj.OHg 


They obtained it as a ietrahydrate, by the action of 8uli>hurous acid and water on 
mercuric oxide, oxysulpbite, oxysulphate, sulphate, or nitrate ; by tlie action of 
mercuric sodium sulphite and either dil. nitric acid or dil. sulphuric acid ; of soln. 
of sodium sulphite on mercuric sodium sulphite or mercuric nitrate or sulphate ; 
of a warm soln. of mercuric sodium sulxihite on mercuric oxide ; of mercuric sodium 
sulphite and mercurous siiljibate or nitrate; and of hypomercurosic sulphite on 
mercuric nitrate or sulphate. Mercurosic sulphite is obtained in somewhat different 
states. Prepared by adding mercuric oxide to suljihurous acid soln., it is/iri lustrous, 
cr5r8talline particles, which form felted sheets like paper, when drained on a tile 
till dry. Prepared from a paste of mercuric oxide and gaseous sulphur dioxide, 
it is not visibly crystalline, but it forms a voluminous jirecipitate of crystalline 
habit, is brilliantly white, and, when pressed whilst moist, crepitates like starch. 
Prepared by reaction between another mercury sulphite and a mercury nitrate or 
sulphate, it is a voluminous, apparently amorphous precipitate, of a buff colour. 
It is then not quite pure, indeed, but its colour can hardly be referred to the presence 
of any coloured impurity. Mercurosic sulphite is very efflorescent, and becomes 
VOL. X. ^ 
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unhydrous in the desiccator ; only when crystalline can it bi‘ dried with all its water 
of crystallization retained. C. F. Rammeisberg found his r(‘d, crystalline cuprosic 
sul])hite iH'tained 2 mols. of wat('r of crystallization ; and L. P. de St. Gilles, the 
yellow amorphous cii])rosic sulphite, 5 mols. The tetrahydrate may be a penta- 
hydrate slightly eflioresc(*d. Mercurosic sulphite is insoluble in water. Mercurosic 
sulphit(‘ is so stable whim dry as to b(‘ but very little changed after long keeping. 
In a closed vessel, it grailiially darkens in colour, but nearly bleaches again on 
exposure to the air for some tinu‘. Tlie darkening is in all probability due to tin* 
formation of a little hyjmmercurosic sulphite. Slowdy in the air, more quickly in 
vacuo, it acquires a slight pi'rmaiumt gny colour, due to the presimce of a minute* 
quantity of nuTCury. The slow decomj)osition of m(‘rcuroMc sul[)liato r<‘siilts in tlc' 
jiroduction of mercurous sulphate, nn-tallie mercury, sulphur iiioxi(l(% and wat(T, 
the same ]>roduets as thosr [u-odueed by lu'at. Sulphurous acid Idaekens both 
mercurous sulphate* and mereairosu sulphite by forming hypomercure>sic snlphitt*. 
After blackening and bleaeliinu in the air, the* changed sulphite may be seuiu*wdiat 
buff-eiolonri'd. Ileate'd dry at about 8 (C, it evolves sulphur dio.vielc, menuirv. an<i 
wate*r, and beconms at tir.st blae'k, then greywvbite*, leaving imururous 8 ul[)hate and 
some e)f the mercury as a rt‘sieliH' ; these may be* separat<*(l by furtlu'r h<‘aling, so a.-^ 
to volatilize the nuTCury. Tin* blackening may e‘e*rtainly lie* re*f<‘rr(‘el to the* forma¬ 
tion of hypomercurosie* sulphite*, anel although it is for the time* ve‘ry great, it is only 
transitory if tlie he'at is niaintaim'd. K\amine*el whe*n blae'kest, the amomit 

of unelecomposed suljihite* i> e‘xce(‘dingly small. It is probable that hy}>o- 
mercurosic sulphite* feirms an inte*rnmdiate prexluct in tlie* el»‘CompositioJi of the* 


nmreurosic sulphite ; the moist sulphur dio.vide no doubt j>roduce*s it by a secondary 
action on the* uml<‘(ompose'el mercurosic sul]‘hite*, or on the me'rcurous sulphate* : 

f 2 iLO-- 3 Hg ; 2 SOilL ; HgH-Hg;^(S03)o ^ 2 S 04 lL-- 2 HgoS 04 j 2S(L 
4 - 20 H«j. When mercurosic sulphite Is he‘at<Hl wuth wutt(*r, it is converte*d tnmultu- 


ousl}' into me*tal and sulpliuric aeiel. Enough w>ite*r being pre*s(‘nt, no mercurous 
sulphate is produced : Hga(*S0.5)4 * 2H2O- 3 Hg 4 2SO4H2. Whe'ii the salt is heated 
dry, its decomposition begins in all probability in this w'ay, luit is then moditied 
by the reaction between the suljelniric acid and unchanged sulpliite*, giving mercu- 
rous sulphate and suljihurous acid. The non-production of any mercuric sulphate* 
IS to be (*xpected, as it is easy to show experimentally the instant converHie>ix of 
mercuric sulphate to mercurous sulphate by moist mercury. Potassium hydroxide* 
converts it into mercurous oxide*, insoluble*, and mercuric potassium sulphite*, going 
into soln. : Hg(S03)2Hg2 i 2 KOH H2O I DHg2 f Hg(S03K)2, the jiotassium dis¬ 
placing the mercurous hut leaving the* m(*reiiric radicle, llyeirocliloric aeiei at once 
decompose\s it. the products he*ing sulphurous acid and the twei chlorid<\s of mercury 
When the merourosie* sulphite* is huff-coloured, the mercurous chloride* from it is of 
the same colour. No sulphuric acid is produced in this reaction. The pre[)arations 
of buff-coloured sulphite, howeve‘r, to start with, always contain a small quantity ol 
sulphate. Nitric acid and sulphuric acid in the dil. state are without action on 
mercurosu sul])hite. More cone, acids dissolve it, but the nitric acid scarcely so 
unless it is concentrated enough to oxidize the sulphite. Sulphurous acid blackens 
and decomp(;se.s it, dissolving out the elements of mercuric sulphite and leaving hypo- 
mercurosic sulphite insoluble for a time, but then also decomposing. The presence 
of sulphuric or nitric acid greatly hinders, and for a time at least altogether prevents 
the action of the sulphurous acid, a circumstance greatly facilitating the preparation 
of mercurosic sulphite. The reaction between sulphurous acid and mercurosic 
sulphite in absence of sulphuric acid, consists in the exchange of non-oxylic hydrogen 
for oxylic mercury, as expressed in the following equation: 2Hg(803)2Hg2 
+2H(S03H)~Hg(S0s)2Hg3-j-2Hg{S03H)2. Sodium sulphite soln. produces effects 
similar to those of sulphurous acid, but acts more rapidly than the acid. The 
mercurosic sulphite is blackened by being converted into insoluble hypomercurosic 
sulphite, and mercuric sodium sulphite which dissolves; here also, as with 
sulphurous acid, the sodium sulphite exchanges its non-oxylic sodium for half the 
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mercury of the oxylic mercurous radicle of the merciirosic auiplnte, the other Jialf 
of this mercury going to form hyponiercurosic 8 ul])hite with mercurosic sulphite : 
2 Hg(S 03 ) 2 llg 2 t-^Na(S() 3 Na)===Hg(S 03 )i>Ifg 3 -f 2 Hg(S 03 Na)o. Tlie hypornercurosic 
sulphite thus forrm^d is acted on by more sodium biil])hite, b(‘coming mercuric 
sodium sulphite and free mercury. Silv(T sodium sulphite soln. yields mercuric 
sodium sulphite in soln., all the silver being precipitated if not in excess. The 
insoluble sulphite is vt‘ry black, and appears to be a mercury silver sulphite ; it is 
too black for hypomercurosh* sul])hit<% even immixed with white silver Bulphit(‘ ; 
bc 8 id(‘s, hyponiercurosic sulphite at once reacts with silver sodium sulphite. TJu‘ 
reaction between the silver sodium sulphite and mercurosic 8 ul])hite appears, then, 
to be: Hg(S 03 )oHg 2 I lAg(S 03 Na)™Hg{S 03 ) 2 Ag 4 -i- 2 Hg(S 03 Na) 2 , in which lucr- 
curie argentous sulphite apjiears. Sodium chloride soln. added fn'ely prodiuu's 
much black hj'pomercurosic sulphite, which siowl}?’ disappears on digestion. By 
adding the sodium chloride gradually, hypornercurosic sulphite is only pro(lue(*d 
by the first portions. This difference is due to the mercury salts which go into soln. 
by the action of the first portions modifying that of those added afterwards. Th(‘ 
final result of the addition of sodium chloride is expressed by : Hg( 8 () 3 ) 2 llgi» 
-f 2 NaCl~=Hg(S 03 Na) 2 +(HgCl) 2 , but the primary action appears to be that of an 
exchange of sodium for the oxylic im'rcury, in which only half of this mercury 
combines with the chlorine, the other half then going to unite with more meieiirobic 
sulphite : 2 Hg(S(> 3 ) 2 ng 2 + 4 Na(Jl=:Hg(S 08 Na) 2 +Hg(S 03 ) 2 Hg 3 +lIgCl 4 Na 2 . Then, 
as the quantity of mercuric chloride increases, and the mercurosic sulphite becomes 
less, all the mercury goes to form mercurous chloride, while any hypomercurusie 
sulphite previously formed is slowly converted into chloride. Mercuric sodium 
chloride acts in the same way as sodium chloride, the mercuric chloride taking no 
part; it has no action of its own on mercurosic sulphite, but when sodium chloride 
IS jiresent this salt acts first. Mercuric chloride soln. added, not in (‘xcess, produces 
mercurous chloride and sulphuric acid, all the mercury being precipitated: 
Hg3(B03)2 i 2 H 20 d 3HgCl2“--3(HgCl)2H-2S04ll2; but if added at once in excess, 
much mercuric sulphite goes into solution in the mercuric chloride, and then slowly 
changes to mercurous chloride and sul])huric acid, as aln^ady described undtT normal 
mercuric sulphite. Potassium iodide soln, forms a ])rownish-yellow mercury iodide 
and a soln. of mercuric potassium sulphite. Mercuric iodide, oxide, nitrate, and 
sulphate, and mercurous nitrate and sulphate, are without action. 

According to L, P. de St. Gilles, normal mercuric sulphite, HgS 03 , separate's 
as a white, curdy precipitate when a syrupy soln. of mercuric nitrate, free from an 
excess of nitric acid, is treated with a dil. soln. of sodium sulphite. He added that 
t'ither the normal salt or a basic salt can be obtained according as the mercuric 
nitrate employed happens to be more or less basic. E. Divers and T. Shimidzu 
could not verify these statements. They found that whenever it might be supposed 
that mercuric sulphite would be formed by direct double decomposition, it does one 
of three things, according to circumstances ; it forms with another basylous radicle 
a double 8 ul])hite such as mercuric sodium sulphite or mercuric hydrogen sulphite ; 
it forms a basic sulphite or an oxysulphite with oxide of mercury taken from the 
nitrate or other mercuric salt; or it forms mercuroso'-mercuric sulphite by suffering 
partial hydrolysis into sulphuric acid and its mercury element. They found that 
when normal mercuric nitrate, in the presence of that very small amount of nitric 
acid which seems to be essential to its existence even in cone, soln., is treated with 
a soln. of normal sodium sulphite, mercuric oxysulphite is, from the first, precipitated 
in a pure or nearly pure condition, and, as a consequence, the mother-liquor proves 
to be much more acid than the original nitrate soln. The accumulation of this free 
acid soon prevents the precipitation of more oxysulphite, while much mercuric 
nitrate yet remains in soln. The addition of more sodium sulphite is now followed 
by momentary effervescence of sulphur dioxide, and a partial blackening of the 
white precipitate. This blackening effect was observed by L. P. de St, Gilles, and 
he has given, as conditions of successful preparation of the sulphite and of the 
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o\y«ulpliit(% avoidance of excess of the prcci})itant and the ein])h)yTia^nt of the 
nitrate soln. in the cone, state and the sulphite soln. in the dil. state. But when 
some blackening has taken place, it soon disa})pears on agitating th<‘ ])reci})ilate 
witli the inother-li(|iior, and, ind(‘e<[. ihv niotlier-liquor may now be us(al to fiirnisli 
more jweipitate whicli, Idack at tirst, soon becomes white, i>rovided too much 
sodium sulphite is not added. Thi.s white precipitate, however, consists not of 
the oxysulphit(‘, but of another salt, niercurosic aulj)hiU. The substitution of 
mercuric sulphate for the nitrate, or of silver sulphite for sodium sulphite, gives a 
similar result. Sodium sul})hitt' and mercuric chloride furnish sodium mercuric 
sulphite. Silver sulphite and mercuric chloride react: 2 AgoS 03 l-3Hg(% 
--4Ag('l+Hg{S0o0.11gDl)o ; and the end-products of the reaction are: 
AgwSO^ l-HoO'i 21IgC]o 2 Ag('l-f Hg/'k I H^SO,. Mercurosic sulphite and 
mercuric chloridt‘ interact: 4 BgCk - Bg^Dk-birgjSO^.Olong, 

and the mercuric sidphitt* is th<m hydratcti to nuTCurosic snlpliite : .SHg(SO;d 2 Bg 
I 2 II 2 O- 2 ILSO 4 t- 2 Hg(S 03 ) 2 Hgj Hypomereurosic sulphite* behaves similarly. 
The action of sulphurous acid on ne re urie oxide* gives mercurosic sulphite ; and 
the same* product is oht.tim'd ^\h(■n dil. nitric or sulphuric ae iel acts on sodium 
mercuric sulphite. He*n(‘e‘, me*nMirn sulpliitr is not stable* enough to e'nable it to 
be isolated exce‘pt in combination with other suljihite, or with me'reuric oxieh* or 
chloride. O. RiifT and K. Krohm'it fouml tliat the* pn'cipiratt* freun im'rcurie 
chloride and an excess of ammonia di’^soixt's wlu-n sulplmr dioAlde is pass'd through 
the liquid, and cry.stalline* coii^ltounds of mercurie* with amnumia and sulphur 

dioxide are forined e.e/. ammonium mercuric sulphite, llglNHiSOd^ 
the* sethi. is evapor.ited under re-duced pres.s. Tin* ruK’tion is svniltoli/od: 
Hga>-^ 2 H(llS() 3 )- 4 NH 3 r^lIgdNH 4 S 03 ) 2 + 2 NH 4 (d. if sulplmr eiioxiel.- i.s tirst 
a<h]e*t], anel tlie'ii ammonia, an insoluble compound containing sulphur dioxide and 
ammonia is sl(»wly depo.>it(*d. The redaction is 8 yn]be)liz(*d : j 11(1180;)) 

- =Cl.Hg(Nil 4 S<J 3 ), in aeid soln. The ammonium me'rciirie suljdiiie', with an 
excess of ammonia, forms a mixture of ammonium mercuric hydroxysulphite, 
110 .IJg(NB 4803 ), and white* nes*dies e>f mercuric amminosulphite, llg 8 ();)(N}l 3 ), or 


Hg 



>0 


by the reaction : Hg(NH 4803)2 j -HgS 03 NH 3 “} (NH 4 ) 2803 . If a large amount 
of ammonium chloride is pre.sent, ammonium mercuric chlorosulphite, 
NHaCl.HgiHSOa), is formed: Hg(NH 4 S 03 )o+NH 4 Cl+NH 3 -NH 3 CLHg(NH 4 S 03 ) 
-{-(NH 4 ) 2 S 0 ;). Tin* compound forma long white transparent needles, and is 
converted by 2 iY-KOIi into yellow mercuric amminoxysulphite, Hg 20 .S 03 (NH 3 ), 
or 


Hg. 8O2. 
Hg.NH " 


A cone. sedn. of ammonium hydroxide* forms a soln. which appears to contain 
mercuric tetramminosulphite, Hg(NH 3 ) 4803 ; and liejuid ammonia yields this 
ceernpound as a white powd(*r along with ammonium sulphite. O. Ruf! and 
E. Krohnert add that in acidic soln. the sulphur, which receives a negative charge 
from oxygen, and in alkaline soln., the nitrogen, which receives a negative charge from 
hydrogen, possess a strong tendency to complex formation, and in ammoniacal 
soln., complexes corresponding to mercuraminonium sulphites are formed. 

According to W. Wicke, when mercuric chloride is treated with a sat. soln. of 
sodium hydrosulphite, mercuric hydroMphite, Hg(HS 03 ) 2 , separates as a heavy, 
crystalline powder. E. Divers and T. Sbimidzu obtained sodium mercuric sulphite 
in this way ; but they prepared an aq. soln. of mercuric hydrosulphite, Hg(HS 03 ) 2 , 
which reacts as if it were a soln. of mercuric sulphite in sulphurous acid. Mercuric 
oxide can be dissolved in sulphurous acid without forming the precipitates observed 
by C. F. Rammelsberg, L. P. de St. Giles, and A. Vogel. The sulphurous acid 
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niutit not contain luucb aulplmric acid—from atiii. oxidaiioii- <nid the mercuric 
oxide must be prepan'd by precipitation, must be added w(‘ll divided and sUvSpended 
in water to tli(‘ sulphurous acid, and only in small quantity, bf'cause only a weak 
soln. can be prepared. A soln., the same in every respect, can be obtained by using 
mercuric oxysulj)hitr in })lace of nuTCuric oxide. M(‘rcur(jsic sulpliite, and hypo- 
mereurosie sul])hite can also be uH(‘d in place of the oxide, but then there is a residin' 
of metallic mercury. An impure soln. can b(* prepared by cautiously adding, in 
small quantity, a soln. of either mercuric nitrate or sulphate, or of mercurous 
nitrate or solid mercurous sulphate or mercuric oxysulphate to sulphurous aeid ; 
with mercurous salts, half the mercury separates in an insoluble foim, and with all 
tliest' salts eitlier suljihuric or nitric acid remains in the soln Even by the action 
t)f a little nitric acid on sodium nuTCuric sulphite a dil. mercuric liydrosulphite soln. 
can be obtained ; while a nearly boiling solo, of mercuric chloride is converted by a 
current (»f sul})liur dioxide into mercurous chloride, hydrochlorii' acid, and sulphuri(‘ 
acid ; but iic»t so witli a cold soln. E. Divers and T. Shimidzu found mercuric 
chloride to be more soluble in sulphurous acid than in water ; if sulphuric acid be 
]>r(^s(mt, mercuric chloride is no longer so soluble in sulphurous acid. Sulphurous 
acid sat. with mercuric chloride will dissolve more mercuric oxide than it would 
do otherw'Lse. It is assumed that the soln. of mercuric chloride in sulphurous aeid 
forms a soln. of tlu* liydrosulphite : HgCi 2 4 ' 2 H 2 S 03 ---“Hg(HS 03)2 h2nCl, and by 
dissolving menniric oxide, it bc'eomes saturated with mercuric hydrosiilphate. 
Mercuric chloride is also more soluble in a soln. of sodium sulphite or pyrosulphite, 
forming sodium mercuric sulphate. Althougli A. Vogel said that suljihurous acid 
converts mercurous chloride into a gr(\y subchloride, E. Divers and T. Sliimidzii 
said that Ihe action must be very slight becausi' wlien mercurous chloride is pre¬ 
cipitated by suljihurous acid, it is of dazzling whiteness. Th(‘y attributed the grey 
discoloration to the pr(‘senceof imjmrities,and added that it is doubtful if purified 
mercurous chloride will react with sulphurous acid. 

xV soln. of nuTcuric hydrosulphitt* is very un,sta])](‘, and n'adily suffers hydrolysis, 
either wholly or in })art--wholly into mercury and suljihuric arid, in part into 
meicurosic sulpliite and sulphuric acid- sulphurou.s aeid remaining free in both 
cases. The soln. dtqiosits all its mercury slowdy at common teiii}>., but at once 
wh(*ii heated, and an eip quantity of sulphuric acid remains in soln : 
1120 f Hg(S 03 H) 2 --IJg i-HD.SOall j H.S() 3 ll. Tartuil liydrolysis, by which 
mercurosic sulphite is formed, is brouglit about in two ways. Sulplmric or nitric 
acid, added in small but sutficiciit quantity, caus<\s it. Secondly, it is caused by 
adding more iiKTOurie oxidi' or some mercuroxylic salt (best, a soln. of mercuric 
nitric or sulphate) to the soln. Whether the addition proves sufficient or not to 
exhaust all free sulphurous acid is a circumstance which docvs not affect the })n‘ci])ka- 
t ion. Success with such different reagents ren(h*rs it improbable that the hydrolv.sis 
de[)ends on any direct reaction between them and the mercuric hydrogtm sulphite. 
The change is induced by effecting a state of supersaturation of tlie soln. with 
mercuric hydrosulphite, so that partial hydrolysis occurs and mercurosic sulphite 
IS precipitated. Mi'rcury sulphites arc insoluble iu dil. nitric or sulphuric’ aeid, 
and therefore the addition of one of these acids brings about tlu' state of super- 
saturation, which leads to the sudden hydrolysis and jirecipitation. Mercuric 
oxide or salts generate more acid sulphite in the soln., and in this way cause supei- 
saturation. Accordingly, mercuric hydrosulphite must be regarded as a salt 
soluble in a large quantity of water, and hydrolyzed by less water. The result of 
the hydrolysis of mercuric hydrogen sulphite wlien it has only proceeded to the 
extent of separating oue-third of the sulphur as sulphuric ac id, appears to depend 
on the difference between oxylic and non-oxylic mercury compounds ; the mercuric 
radicle, Hg, alone can hold the non-oxylic position in a sulphite, the mercurous 
radicle, Hg 2 » cannot. The mercurous radicle, on the other hand, can hold the 
oxylic position, provided a mercuric radicle is in non-oxylic relation tothe sulphuryl, 
whilst the mercuric radicle cannot do so, except in the partial and complex way seen 
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in the basic mercuric oxysulphite. Accordingly, the conversion of mercuric 
hydrogen sulphite to mercurosic sulphite may be represented by the following 
equation, in which the upper line shows the hydrolysis of a third of the sulphite, 
and the lower the double decomposition whereby, with the assistance of mercury 
set free by hydrolysis, two molecules of mercury hydrogen sulphite become mercury 
sulphite and hydrogen sulphite : 

(S03H)2+Ho0 ) s H.SOsH-h HO.SOgH 

Hg'^(S 03 H)o 1 Hg^SOgH)^^ U’H.863H + Hg"(S 03 ) 2 Hg '2 

Tiie silv<'r and mercury sul])hi<es are not liable to atm. oxidation. 

L. P. de St. Gilles prepared mercuric oxysulphite, HgO.IIgSOg, from a soln. of 
mercuric oxide in one of mercuric nitrate, by treatment with a dil. soln. of an alkali 
sulphite ; and by mixing crystals of mercuric oxynitrate with a dil. soln. of an alkali 
sulphite—mereurio acetate gives no ])recipitate, and the oxalate and phosphate 
give double salts which are decomposed by boiling. E. Divers and T. Shimidzu 
prepared the oxysul})hite from soln. of sodium sulphite or sodium mercuric sulphite 
and mercuric nitrate—or, if the soln. be strongly alkaline, with mercuric sulphate ; 
and by the action of silver siiljdiite on a soln. of mercuric nitrate. They represented 
the constitution: Hg(8()2.0.11g.U)olIg, and foimd that when dried at ordinary temp, 
the salt is monohydrated, but becomes anhydrous in vacuo. Mercuric oxysulphite 
is a faint yellow, curdy or granular, dense salt, which is unstable, and changes to 
mercurous sulphalc in a few hours. The salt is very explosive, but not violently 
so. Water causes mercuric oxysulphite to decompose more rapidly than it does 
when k(‘])t dry. Heated with water it decomposes, the change being at first 
probably the same as when it is heated dry ; but the water effects a further change, 
and tlic products are mercurous sulphate, mercuric oxysulphate, sulphuric acid, 
and mercury. When dissolved in aq. sulphurous acid and boiled, it decomposes 
in Ibt* manner which seems normal to a non-basic mercury sulphite, the sole products 
being mercury and sulphuric acid. Potassium hydroxide converts it into insoluble 
mercuric oxide, and mercuric potassium sulphite in soln.: Hg(S 020 Hg 0 ) 2 Hg 
'r2K0H=Hg(S020K)2+3Hg0 fHoO. Hydrochloric acid, added in excess at 
once, converts it into mercuric chloride and sulphurous acid. Hydrochloric acid, 
gradually added, causes the change of part, of it into mercurosic and even hypo- 
mercurosic sulphite, by the sul})hurous acid liberated from another part; and 
hydrocliloric acid then forms mercurous chloride. If it changes at all into 
mercurous sulphate, some mercurous chloride and sulphuric acid will also be 
produced, but sulphunuis acid, even in the nascent state, will also be produced. 
If, again, it contains any of its mother-li<{Uor of mercuric nitrate, reactions will 
take place on adding the hydrochloric acid, which will also produce mercurous 
chloride and sulphuric acid, the liberated sulphurous acid forming mercurosic 
suIpJiite from the nitrate, and the mercurosic sulphite forming mercurous chloride 
with the mercuric chloride. Nitric acid, or even sulphuric acid, if sufficiently 
dilute, hardly dissolves it, but hastens its change to mercurous sulphate. When 
a little more concentrated, the nitric or sulphuric acid dissolves it, without 
liberating sulphur dioxide, and then, if hydrochloric acid is added to the soln. 
without delay, mercuric chloride and sulphur dioxide are formed in considerable 
quantities, besides some mercurous chloride and sulphurous acid. But if the soln. 
is kept for a few minutes, mercurous sulphate takes the place of mercuric 
oxysulphite, and soon begins to separate. The addition of hydrochloric acid 
now produces only mercurous chloride and sulphuric acid. Sufficiently cone, 
sulphuric or nitric acid liberates sulphur dioxide at once from mercuric oxysulphite. 
Sulphurous acid, free or nearly free from sulphuric acid, when added in excess 
at once, dissolves it without forming any sulj^hate or sulphuric acid, and leaving 
mere traces of metallic mercury, the results of previous changes in the oxysulphite ; 
when, however, the sulphurous acid is added gradually, mercurosic sulphite is 
formed, then hypomercurosic sulphite, and, lastly, metallic mercury, as the quantity 
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(»f sulphurous acid increases, while the soln. from the first contains sulphuric acid, 
and, for a time, a little (acid) inereuric sulphite. The jueeipitation of niercnrosie 
sulphite is also quickly induced when the sulphurous acid is added at once, provided 
it contains a good quantity of sulphuric acid. The formation of the uKTcurosic 
sulphite is represented : 3 (OHg 2 ^() 3 ) 5 ^ f 5 II 2 BO 3 — 3 H 2 S 04 d [- 21120 . 

Sodium sulphite soln., added quickly in excess, dissolves it as mercuric sodium 
suljdiitc : a minute cpiantily of m<*tallie mercury is left, due to th(‘ ])r(\s(‘nce of a 
little mercurous hul[)liate fornH‘d by a previous ehang(‘ of the oxysulphito. 
Sodium hydroxide is also formed ; (OHg 2 ^ 03 ) 2 + 6 Na(SO;jNa) \ 21120 “ INaOIl 

d 41 Ig(S 03 Na) 2 . When th<‘ sodium sulphite is added gradually, however, black, 
tlocculent hy])umercurosie sulphit(‘ is first seen, which is subs(‘qu<‘nlly resolvc'd into 
mercury and miu'curic sodium sulpbite. This production of hypomercurosic 
sulphit(‘ seems to prov«' that wlum only partially attacked by sodium sul[diit(\ 
th(‘ mercuric oxysulphite is decomposed in sueii a way that the basic oxidi* 
is removed, and the normal suljihite left to suffer a change practically tin* sann* 
as hydrolysis, but effected by thi* sodium hydroxide whieli has been form(‘d 
along with it, instead of by water. Thus: 2 Hg( 80 .^ 0 )oHg 30 > ^-8Na(S0jNa) 
+ 40 H 2 -- 2 Hg(S 020 )IIg I 4 Hg( 803 Na )2 f 8Na0H ; and 2Hgd^^(LO“)2]Ig { 4NaOH 
~Hg(S 020 ) 2 Hg 3 d 2 Na 2 S 04 + 20 H 2 . Silver sodium sulphite soln. di'^solves 
mereune oxysulpJiite, all the silver being ])recij>itated, jirineipally as sulphate. 
The ])recipitate is much discoloured, apj>arently by tb<‘ presence of a little mercurif* 
argentous sul])liite (coming from mercurous suljjliate). Hilver oxide scarci^l}’^ 
appears, because tiie original soln, always contains some free sodium sulpbite, and 
accorflmgly sodium hydroxide is found in soln. instead. Sodium chloride soln. 
forms mercuric oxide, yc'lhuv and insoluble, and merenric sodium snl]>hite and 
mercuric sodium chloride, both in soln ' (OHg 2 S() 3)2 f INaf’l ~ 2 HgO 

-i-Hg(S 03 Na) 2 -t Hg(’l 4 Na< 2 . A little mercurous chloride is found with the oxid(‘, 
and a little sodium sulphati* in the soln., owii»g to the mercuric oxysnl])hitt' liaving 
begun to cdiange into mercurous sulphate by the time it is i)re})ared for experiment. 
Potassium iodide soln. changes mercuric oxysulphite instantly into a dull red 
compound, soluble in excess of the reagent, but with much more difficulty than 
simple mercuric iodide, and them yadding an alkaline soln. This dull red sub.stance 
is of complex nature, and consist.s of mercurie iodide*, oxide, and sulphite, in some 
state of combination Exe<‘pt when the .soln. of potassium iodide is very concen¬ 
trated, the dissolution of the red eoinpound is at once followed by the a]>})earance 
of a slight yellow precipitate convertibh* by a more cone. soln. of potassium iodide 
into a minute quantity of metallic mercury and dissolved mercuric iodide. The 
yiroduction of this yellow’ iodide is to be reff‘rred to the presence of some mercurous 
sulphate in the mercurie oxysulphitv. Mercurie chloride soln. acts slowly on mercuric 
oxysulphite, if at all, m<*reurous chloride being gradually produced, together with 
mercuric sulphate wdiieh remains in soln. with the excess of nuwcmic chloride, 
l^y dissolving mercurie oxysuljilule in sulphuric acid before adding the mercuric 
chloride, the precipitation of mc'rcurous chloride begins immediately, and proceeds 
rapidly until all the suljdiite has been decomposed. Actually, mercuric chloride 
has probably no action on mercuric oxysulphite, its action being on the mercurous 
sulphate into which the oxysulpliite so readily changes. The action of mercuric 
cldoride on other mercury sulphites is sharp and unmistakable, and in their case 
the completion of the action is retarded, instead of advanced, by the presence of 
sulphuric acid. Mercuric iodide, oxide, nitrate, and sulphate, and also mercurous 
nitrate and suljiliatc, are without action. Silver nitrate also is without action on 
the oxysulphite itself, but a little silver is talcen u]) apparently through the, reaction 
with the mercurous sulphate present. L. P. dc St. Gilles said that the oxysulphite 
is soluble in a soln. of potassium cyanide. 

C. H. Hirzel prepared ammonium mercuric sulphite, (NH 4 )jjHg(S 03 ) 2 , or, accord¬ 
ing to E. C. Franklin, ( 2 Hg 0 .HgS 03 )(NH 2 Hg) 2 S 03 . C. H. Hirzel obtained it by 
dissolving freshly precipitated mercuric oxide in boiling sulphurous acid and 
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saturating t}u‘ soln. with cone, ammonia ; K. Barth obtained it from a soln. of 
mercuric oxide in a hot, cone. soln. of ammonium sulphite. The salt furniah(‘S 
transj)arcnt, colourless, doubly refracting plates; and K. Barth found that the 
dry salt rapidly decomposes into mercury, sulphur dioxide, and ammonium sulphate. 
According to C. II. Hirzel, the salt is sparingly soluble in water, and the cold, aq. 
soln. slowly decomposes into mercury and sulphuric acid with the evolution of 
sulphuric acid ; the soln. can be boiled without decomposition if free ammonia 
be present. Sulphuric acid gives a wh;te precipitate and drive's off the sulphur 
dioxide ; nitric acid in the cold gives a w’hit(‘ ])recipitate which dissolves when the 
mixture is w'armed and red fumes are given off: and pola.^h-lye displaces ammonia 
and giv(‘S a white preci})itate of n^vrcimc oxymcrcuriammonutm sulfhite, 
HgS03[NHo(Hg0Hg)]oS03. With a hot soln., auric chloride foriri'^ gold-amalgam ; 
a litth* hydrochloroplatinic aeid gives a hrowm precipitate, and (‘xcess, a Idack 
})reci}>itate ; a little silv(‘r nitrate in the cold gives a whit*' pn'oipitati', and wdien 
boiled, the ])recipitate becomes yellow\ brown, and blaek, suljihur dioxide* is given 
off, and a silver amalgam is forim‘d , lead nitrate gives a wdiite precipitate in the* 
cold, and wdu'n heate'd the precipitate blackens and lead amalgam is formed ; 
and in the cold cupric sulphate give's no precipitate', but when boiled, copper- 
amalgam is formed. K. Bartli ]>re'pan'd ammonium mercuric chlorosulpl^te, 
(NH4)2Hg(S03L.Hg(’L, or NHtClHgSO}, by a me'thod similar to that emjilovecl for 
the potassium salt—r/e/c u)fra The sam*' remarks ap]>ly to ammonium mercuric 
bromosulphite, (NH4) JIg(S03)2.HgBr2. or NH4BrHgS()3. 

As indicated above, ineTe uric e)xid<‘ rt'aets w’lth a seilii. of sodium suljdiite, and 
F. Teltscher found that with a .^oln. of mercuric nitrate* ami sodium chle)nde, a 
w'hite preci])itate is formed wlmn the molar jiro}portion is 1.2 -the* pree'ipitate* 
luunexiiately blackens. If the ]>roportion is 1 : 4 no ])re*ci])itatie)n occurs, but the* 
soln. becomes turbid. F. Tt'ltscher studie'd the potential and light sensitiveness 
of these soln. K. Barth obtained a basic salt, sodium mercuric oxydisulphite. 
Na20.2HgS03, or 0(ngS03Na)2. It is best niaeh' by mixing hot cone. soln. of 
mercuric chloride and sodium sulfdiite in molar ju'ojiortiims with tin* corn'sponding 
quantity of sodium hydroxide ; adding alcohol; and cooling the soln. The 
needle-like crystals low’cr the f.j). of water, giving a mol. wd of when the 

calculated value is 622 , The eq conducti\ity, A, for an eq of the salt in v litn'S is : 

V , .16 32 61 12H 256 512 1024 

A . . 65*4 69 3 73 0 75-7 77-5 78 6 79-3 

When treated wdth oxy a('ids, a grey precipitate of mercury oxytrtrasulphitCy 
0(Hg803.HgS03.Hg)2Hg, is formed L P de St. Gilles rejairted sodium mercuric 
trisulphite, Na28O3.2HgSO3.H2O, to be formed in needle-like crystals, by mixing 
a hot, sat. soln. of sodium sulphite and an excess of mercuric chloride, and cooling 
the filtered soln. E. Divers and T. Shimidzu, and K. Barth conld not prepare this 
salt. L. P. de 8t. Gilles prepared sodium mercuric sulphite, Na2SO3.Hg8O3.H2O, 
which E. Divers and T. Shimidzu represented by ng(S02.0Na)2.H20. L. P. de 
St. Gilles made it liy jiouring a soln. of mercuric chlori<le into an excess of one of 
sodium sulphite, and evaporating—H. Baubigny, and K. Seubert and M. Ellen 
einployed an analogous process. K, Barth obtained it from a soln. of mercuric 
oxide in one of sodium hydrosulphitc ; and E. Divers and T. Shimidzu, from a soln. 
of mercuric oxide in one of sodium p^Tosulphite—if normal sodium sulphite be used, 
some souiiim hydroxide is formed. When sodium sulphite acts on mercurous 
chloride, hypomercurosic sulphite is precipitated, but this is so rapidly decomposed 
by thefxcess of sodium sulphite, forming sodium mercuric sulphite and mercury, 
that it is only just possible to sec the blackening of the sulphite. The end-products 
are : 2 HgCl b2Na2S03 - Na2Hg(S()3)2-FHg-f-2NaCl. The reaction is quanti¬ 
tative—half the mercury pas.ses into soln,, and half is precipitated as black 
mercury. The colourless crystals are comparatively stable. When the dry 
salt is moderately heated, it evolves sulphur dioxide and water, and becomes 
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brown or grey. When the residue is wetted, it blackens, tiirough the formation 
of a flocculent, brownish-blark matter, in small quantity, the principal products 
being metallic mercury and sodium sul]>hate. The brown-black matter heated 
with water changes into a pure Idack substance, insoluble in hot dil. nitric acid, 
and which is apparently nuTCuric sul])hide. The main change effected by dry 
heat is probably the saiiu' as that by hot water, but a little mercuric sodium 
thiosulphate wmuld seem to be also produced, by a reaction Ixdween the sulphur 
dioxide and some as yet undecomposed mercuric sodium sul})hite. K. Barth found 
th(‘ lowering of the f.j). of a(p soln. corresponds with a mol. wt. of ir)d*6-ir>i*9—- 
theory reipiires 106 - 0 . Tin* eq. conductivity. A, for an eq. of the salt m v litres is : 

e . K) 32 at 128 250 512 1021 

A 79 1 S5 8 91 0 95-4 98-7 102 S 109 5 

L. W de St. (Liles found that the aq. soln. is sparingly soluble in water and neutral 
to litmus ; and, added E Jlivers and T. Shimidzu, 100 parts of cold water dissolve 
about 4 parts of tin* salt The aq, soln. may be }>reserved a little time without 
change, but it slowly turns grey, and di'composes into sulphur dioxhle, mercury, 
and sodium sulphat<\ 11 . Bauhigny, and K. Barth made ob.s(‘rvatioiis to the same 
effect. According to L. P. de Ht. Uilles, when the aq. soln. is heated, similar 
products are obtained: Hg(S03Na)2=-~Hg-f-S02d-Na2B04, and the change is 

abrupt. He said that mercurous hulj)hate is one of th(‘ first products of the decom- 
])Osition by hot wat(‘r: 2Hg(803Na)2--Hg2S04~l-Na2803-fNa2S20r„ and the 
mercurous sulfihate blackens rapidly and dissolves leaving only mercury as a 
n\sidue. H. Baiilugny observed that no dithionate is forni(‘d. E. Divers and 
T. Shimidzu said that it is not likely that mercurous sulphate is formed, for it would 
not come out of a soln. with an abundance of hot acid liquor, and it cannot exist 
in tin* })res(*nce of sodium sulphiti*. The separation attributed to mercurous 
su]])hate is jiroduccd by the s(‘paration of mercury which first appears as a bright 
rolling cloud, suggesting a precipitate of great volume, an (‘ffect due ap])arently 
to metallic reflection of light ; this cloud then melts away, leaving a ndatively 
minute, very dark grey deposit of mercury at the bottom of the vt‘Ssel, the bright 
mist becom(‘s, so to speak, a rain of mercury. The effect of sodium hydroxide, 
sulphite, and chloride in preventing the decomposition of the salt in hot soln. 
indicates that the d(*composition which occurs in absence of all such substances 
depends on the presence of acid, develops in minute quantity by the incipient 
decomposition of the salt. As to the sodium chloride, that will lx* eff(*ctive through 
its displacing the sulphuric acid from the sulphite by hydrocliloric acid, wlrich 
is incapable of causing any liberation of mercury from the double sulphite. Since 
acid is the cause of the cliange, the formation of mercurosic sulphite will precede 
that of free mercury. Sodium hydroxide is without action when in dil. soln. 
(L. P. de St. Gilles)in its presence a soln. of mercuric sodium sulphite can be 
boiled without decomposing. If, however, the sodium hydroxide is added iu some¬ 
what large quantity and in cone, soln., it precipitates some of the mercuric oxide, 
slowly in the cold, rapidly in the hot soln. Some only of the oxide is precipitated, 
and this is the scarlet-red form, instead of the usual orange-yellow one. In thus 
yielding the red oxide, mercuric sodium sulphite resembles black mercuric oxy¬ 
chloride. Potassium hydroxide precipitates mercuric potassium sulphite, which 
is much less soluble than the sodium salt. Mercuric oxide is not precipitated from 
the potassium salt by the most cone. soln. of potassium hydroxide, even when hot. 
Hydrochloric acid changes it into mercuric sodium chloride and sulphurous acid. 
Nitric acid (or sulphuric acid) sufficiently diluted, and not in great excess, yields 
mercurosic sulphite, sodium sulphate and nitrate, and sulphur dioxide ; thus : 
•^Hg(S03Na)2+4HN03=4NaN03+N»2S04+Hg3(S03)2+3S0od-2H20. In this 
complex change, the mercuric sulphite will not be decomposed by the nitric acid 
itself, for dil. nitric acid does not decompose mercury sulphites. The doiibh* salt 
will first exchange its sodium for the hydrogen of the nitric acid, an<l then the 
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mercuric hydrogen sulphite will suffer partial hydrolysis and be converted into 
inercurosic sulphite, sulphuric acid, and sulphurous acid. The addition of a little 
acid to a soln. of mercuric sodium sulphite makes it smell of sul])hur dioxide, but 
does not cause irnmofliate precipitation. Some greyish inercurosic sulphite may 
soon prccii)itate, but in any case mercury is gradually set free. The acidified soln. 
behaves, in fact, as one of mercuric hydrosulphite. Sulphurous acid is without 
an apparent action. Sodium sul])hite, in dil. soln,, is without action, but its presence 
stops the decomposition of mercuric sodium sulphite by heat ; in cone, soln., it 
j^recipitates much of the mercuric sodium sulphite, which is much less soluble in 
it than in water, slightly soluble only as it is in the latter. Sodium chloride soln. 
is without action ; it prevents (L. P. de St. Gilh^s), or almost prevents, the usual 
decomposition when mercuric sodium sulphite is heated alone with water. The 
evaporated soln. deposits crystals of the mercuric sodium sul|:)hite unchanged, 
according to L. 1 ’. d(‘ St. (Idles. Sodium hydroxiile has no effect on tlie boiling 
mixed soln., indicating that thi're is no action (L. P. de St. Oilles) wlnm the suljihiti' 
is in soln. A soln. of the iodid<* added to the solid sul])hite gives a little crimson 
(not yellow or scarlet) [)reci})itat(‘. Tin* mother-liquor, or a mixed soln. of the 
sul]>hit(* and iodide, gives a precipitate of ordinary mercuric iodide when treated 
witli suljdiur dioxide. Mercuric chloride soln., in the cold, is without action ; but 
wli(‘n the soln. an* hot, mercurous chloride, sodium suljihate, and sulphur dioxide 
are produced; Cljllg-j-IIg(S()3Na)^ ((1Hg)2-+^D4Na2-fSOo. Or, as L. P. de 
St. (;Jill<‘S found, liydrochloric acid may be formed (and tlum there will also be 
sulphuric acid): 2H2O f 3(l2Hg+ng(S03Na)2 - 2 HCl + 2((dHg)2+^04Na2+S04H2. 
This occurs only when the mercuric chloride is in excess, the two acids then resulting 
from the well-knowm reaction between mercuric chloride and sulphurous acid. 
It is almost certain that the formation of mercurous clilonde is due to the 
independent decomposition of the mercuric sodium sulphite, for vrhen this is 
])rcvented by the addition of sodium chloride no change of mercuric chloride to 
mercurous chloride takes })lace. Mercurosic sulphite is formed from the mercuric 
sodium sulphite by the action of traces of sulphuric acid, and the menmric chloride 
then acts on it, to yield mercurous chloride and sulphuric acid again ; so that 
once started, the decomposition of the sulphite jiroceeds very quickly. Mercuric 
iodide is without action in the cold. Heated, it is converted into the yellow 
iodide, and ultimately to mercurous iodide apparently. The reaction wdll be 
similar to that between the sulphite and mercuric chloride. Mercuric oxide 
(precipitated) is without action in the cold, but warmed with the soln. it gradually 
gives place.s to somewhat grey mercurosic sulphite, sodium sulphate being also 
formed. Most probably some decomposition of the mercuric sodium sulphite 
first occurs, as usual, into sodium sulphate, mercurosic sulphite (or mercury), 
and sulphurous acid, and then the sulphurous acid reacts with the mercuric oxide 
to fonn more mercurosic sulphite and sulpliuric acid, which with sodium sulphite 
gives sodium sulphate and sulphurous acid, and so on. Mercuric nitrate soln. 
(aq. nitric acid sat. with precipitated nuircuric oxide), in excess, dissolves mercuric 
sodium sulphite, and then very rapidly yields a precipitate of mercuric oxysulphiti*. 
Provid(‘d the mercuric nitrate soln, is somewhat cone. (10 per cent, or more), 
and free from avoidable excess of acid, oxysulphite alone is precipitated if the 
mercuric sodium sulphite is added at once in quantity small enough to leave 
mucli of the nitrate undecomposed, and consequently not to generate too much 
nitric acid in this soln. The formation of the oxysulphite appears to be the only 
reaction of the mercuric nitrate itself, but other changes occur, owing to the 
nitric acid set at liberty: 3Hg(N03)2 f-Hg(S03Na)2+2H20-2NaN03+4HN03 
+(0Hg2S03)2. The mother-liquor of the oxysulphitti, treated with more mercuric 
sodium sulphite, yields at first mercurosic sulphite, and then gradually mercurous 
sulphate. When the quantity of the sulphite first added to the mercuric nitrate 
is too great, mercurosic sulphite may or may not be precipitated, but the oxy¬ 
sulphite which is formed remains in soln., soon, however, to pass, with marked rise 
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of temp., into mercurous sulphate, which then crystallizes out. In this case, it is 
sometimes quite practicable to pour the mother-liquor off from the mcrcurosic 
sulphite, before the mercurous sulphate bt^gins to separate. Mercurosic sulphite 
can always l)e obtained by adding the mercuric nitrate gradually to the mercuric 
sodium sulphite. It is no doubt formed, in cither case, through the action of the 
nitric acid present on the mercuric sodium sulphite, and of liberated sulphurous 
acid on the mercuric nitrate; whilst the mercurous sulphate is the result of a 
metameric change of the mercuric oxy8ulj)hite in soln. in the nitric acid. Mfu- 
curous nitrate soln. precipitates mercurosic sulphite: Hg(S03Na)2+(HgN03)2 
2NaN03+Hg(S03)2Hg2- Mercurosic sulphite prepared in this way is alwayvS 
of a light buff colour, although when formed by hydrolysis it is brilliantly white. 
When the nitrate soln. is free from nitrous acid, and, so far as possible, from nitric; 
acid also, only tracc‘8 of sulphuric acid arc‘ formed. Nitric acid, in ])recipitating 
mercurosic sulphite, generates sulphuric acid. Mercuric sulphate soln. does not 
])recipitate mercuric oxysiilphitc, in consequence, apparently, of the solubility 
of the latter in sulphuric acid. The mixed soln. soon deposits mercurous sulphate. 
By adding quickly about an eq. quantity of the mercuric sodium sulphite, mercurosic 
su 4 >hit(‘ can be precipitated. By adding a little strongly alkaline soln. of mercuric 
sodium sulphite to excess of cone, mercuric sulphate soln., mercuric oxysulphi^i 
can be precipitated. Mercurous sulphate behaves like the nitrate, when it is 
shaken in the solid state with soln. of mercuric sodium sulphite. It is then quickly 
changed to mercurosic 8ulphit(‘. K. Barth prepared sodium mercuric cUoro- 
sulphite, HgCl2.Na2Hg(S03)2.Ho0, or NaClHgS03.H20, by a method analogous 
to that used for the potassium salt--“-t’2dc infra, 

K. Barth prepared potassium mercuric oxytrisulphite, K2O.3HgO.3SO2, or 
KSOa.Hg.O Hg.SO3.Hg.SO3K, by shaking a soln. of potassium mercuric chloro- 
sulphite with an excess of moist silver oxide, or with potassium hydroxide, and 
evaporating the soln. on a water-bath ; or else by mixing one part of mercuric 
oxid(' with 2 parts of a soln. of potassium hydrosulphite. The dry salt quickly 
decomposes ; it is insoluble in water ; partially soluble in potash-lye ; and develops 
sulphur dioxide without oxidation when treated with the halogen acids. K. Barth 
also prepared potassium mercuric oxydisulphite, K2O.2HgO.2SO2, or 0(HgS03K)2; 
and inonohydrate, K2O.2HgO.2SO2.H2O, or H0.HgS03K, in groups of needle-lik(* 
crystals, by adding alcohol to the liquor obtained by treating the preceding salt 
with alcohol. It decomposes suddenly with detonation at 91 ''. E. Divers and 
T. Shimidzu obtained potassium mercuric sulphite, K2SO3.HgSO3.nH2O, as a 
})recipitate by adding pot ash-lye to a soln. of the sodium salt. L. P. de St. Oilles 
obtained the monohydraie from sat. soln. of mercuric chloride and potassium 
sulphite ; from a soln. of mercuric oxide or mercuric iodide in one of potassium 
sulphite ; and from the soln. obtained by treating mercurous chloride with 
potassium sulphite soln. K. Barth reported that the salt is a dihydrate, 
K2SO3.HgSO3.2H2O. The white needles of the monohydrate give off water when 
heated ; and at a higher temp., most of the mercury is volatilized and potassium 
sulphate remains. K. Barth found that the lowering of the f.p. corresponds with 
a mol. wt. of 168*2 to 171 * 8 ~-theory 438 * 8 . The eq. electrical conductivity, A, for 
an eq. of the salt in v litres is: 

t; . .16 32 64 128 256 61*2 1024 

A . 97-3 1040 110-2 115-5 119*5 123 1 126*0 

The results correspond with the ionization of the salt into three ions. The salt 
is sparingly soluble in cold water, forming a neutral soln.; when the aq. soln. 
is heated, it decomposes: 2(K2S08.HgS08)-f*H20=Hg2S04+K2S03 4-2KHS04 
=r.-.2Hg+2K2S04+2S02+H20—wde svpra, the corresponding sodium salt. Hydro¬ 
chloric acid, in a boiling soln,, gives a quantitative yield of sulphur dioxide without 
reduction. In a boiling soln. mercuric chloride is reduced : K2S03.HgS03-hHgCl2 
==-2HgCl+K2S04+S02. No precipitate is formed with potassium hydroxide, 
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iodide, ferrocyanide, ferricyanide, or with alkali phosphate, carbonate, oxalate, or 
tartrate. Hydrogen sulphide, or alkali hydrosulphide, gives an orange-yellow, 
or a black precipitate. K. Barth also prepared potassium mercuric chlorosiilphite, 
KoHg(S04)2.HgCL2, from a hot sat. sola, of the component salts. The lowering of 
the f.p. of water corn'sponds with a mol. wt. of 176*5 —theory 710 . The crystal 
})lates and needles are easily d('coinposed especially in boiling aq. soln. Oxy-acids 
accelerate the decomposition of the salt ; halide acids give sulphur dioxid<} and 
mercuric halide : metal chlorides and alkali suljdiites do not decompose the salt. 
Alkali phosphate, carbonate, rixalate, and tartrate give no precipitation ; })Otassiuni 
ferrocyanide and ferricyanide give pr(‘ci})itates; and with alkali hydroxides, 
the chlorine is replaced by oxygen or the hydroxyl-radicle. Tin*, corresponding 
potassium mercuric bromosulphite, HgBr2.K2Hg(S()3)2, wasobtaiiu d in a similar 

way, jxnd its propiTties were the same. 

E. Divers and T. Shirnidzu found that a silver mercuric sulphite^ 
Ag2SOj.HgSO3.2H2O, is probably formed on adding sodium siher Md[dHte to 
liypomercurosic sulphite. The formula here givtm is due to K. Hartli, who pre¬ 
pared this salt by adding silver nitrate to alkali mercuric sulphite. Tiie white 
pr('ci]>itate decomposes in a few minutes, becomes brown and black from the 
separation of mercury and silver. CupriC mercuric sulphite, CuSOj.HgSOj, is 
freely soluble in water, and the soln. is d(‘Compo.sed when boiled. By adding a 
soln. of a strontium salt to the alkali mercuric sulphiti' he obtained a crystalline, 
])recipitate of strbntium mercuric sulphite, SrS()3.HgS0j.2H20 ; simdarly witli 
barium mercuric sulphite, BaSO3.HgSO3.ILO. 
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§ 20. The Sulphites of the Aluminium-Rare Earth Family 

A. F. do Foorcroy and h. N. Vauqiiolin ^ ])r(*pare(l aluminium tetrahydroicy- 
sulphite, Al(()H)^i.Al(()H)Sf);j, or AL(0ll)480;i, from a soln. of aluminium hydroxide 
in sulphurous ncid. j\l. <doiuj;ainsperg ova])orat<‘d the soln. in vacuo, and obtained 
a gummy mass, Imt ])y heating the soln. to 74", this salt is pr(‘eij)itat(‘d as a whit<' 
powder. Analy.s(‘s hy A. 11 . Ruhrig, J. 8. Mnsjiratt, A. F. (h‘ Fourcroy and 

L. X. VauqiK'lin, and M. (Jougginsperg agref* willi this formula. The salt givi^s 
olT sulphur dioxide at KX)', and when healed to a higher timq)., alumina 
eontaminnted with a little sulphate is formed, Tlie salt is insoluhic in water; 
so]id)]e in sulphurous acid ; and it oxidizes in air to a basic sulphate. K. Seubert 
and M. KltcJi mix(‘d O'liV-soln. of 2 mols of aluminium cliloride and 3 mols of 
sodium sulphite, cold or hot—sul}>hur dioxidi* is at th(‘ same time evolved -and a 

g< 4 atinous ju-edpitale is formed. This was washed with cold or hot watei 
and lined in vacuo. Its composition correspondtal with aluminium octohydroxy- 
trisulpllite, ()Al(OIi)j Alo( 80 ;i) 3 . 1 Ul 20 . The salt is readily oxidized in air. 
( 1 . Seuratj-Manzimi made a mixture of j)owd(*red aluminium sulphate and sodium 
sulphite, and heated it with a little wat(‘r to 1(K)°. On cooling, sodium sulphate 
crystallized out, and what may liave been normal aluminium sulphite remained 
in soln. 

According to L. E. Porter and P. E. Browning, if neutral or acidic soln. of a 
gallium salt }><' treat(‘(l w'ith an amnioniacal soln. of ammonium hydrosiilphite and 
boiled, gallium liydroxide is jirecipilated under conditions w^here a soln. of the zinc 
salt W'ould not b(‘ prcci]>itated. According to V. J. J 3 ayer, if indium hydroxide be 
treated with an excess of a soln. of sodium hydrosiilphite, or. according to A. Thiel, 
with ammoUium sulphite, and boiled, a white crystalline preci})itate of indium 
OX3fsalphit6, formed. It loses 3 mols. of water at I 0 (f ; 

at 280 '^ the evolution of sul})hur dioxide begins ; and at a red-heat indium oxide 
IS formed. 

If sulphur dioxide be pa.ssed into a soln. of thallous salt, the tuibidity first 
formed soon vanishes, and on evaporating the. soln. in a d(‘siceator, or on a water* 
hath, scaly crystals of thallous sulphite, Tl^SOg, are produced ; Iv. Seubert and 

M. Pllten "obtained the same salt from a mixture of soln. of molar proportions 
of thallous sulphate and sodium sulphiU'. The precipitate was allowed to stand 
in contact wdth its moth(>r liquid for 24 hrs., and then washed with 50 per cent, 
alcohol, and then wdth stronger alcohol. Alcohol precipitates the salt from its 
acid soln. The crystals are pale yellow. The sp. gr. is 6*4164 at 19 'b''/O^,^ Ii. Robl 
oliserved no fluorescence with thallous sulphite in ultra-violet light. K. Seubert 
and M. Eltcn observed that the salt is fairly stable in air, but oxidizes slowly^; the 
crystals are sparingly soluble in cold, but freely soluble in hot w^ater ; at 15 °, 100 
parts of water dissolve 3*34 parts of the salt. When treated witli dil. acids, 
sulphur dioxide is given oil, and when heated in hydrogen, thallous sulphide and 
sulphate, and thallium are formed. Boiling water forms a basic salt with the 
evolution of sulphur dioxide. Thallous hydrosulphite, TIHSO^, has not been re¬ 
ported . G. Caniieri prepared yellow crystals of t h allous cupric sulphite, TE^ (1(803)2, 
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and blue crystals of the hexahydratc, Tl2Cu(S03)o.6H20; as well as cinnabar rod 
crystals of thallous cuprosic sulphite, (’0803.3002803/112^03. He also made 

thallous zinc sulphite, Tl2Zu(803)2, and thallous cadmium sulphite, Tl20d(SO3)2, 
as pink microcrystallinc powders. 

W. Crookes obtained a heavy white precipitate of scandium sulphite, 802(803)3, 
by mixing soln. of scandium o]jlorid(‘ and sodium sulphite, and drying in air. 
The salt is soluble in an excess of a liot sodium sulphite soln. It is insoluble in 
cold water and slightly soluble in hot water. K. J. Meyer obtained the hemhydraie. 
The salt is decompos('d when boiled with water and su]}>hur dioxide is «‘volved. 
R. J. Meyer prepared ammonium scandium sulphite, (NH4)2803.800(803)3.71120. 
from its component salts; it is insoluble in water, and sparingly soluble in 
sulphurous acid. 

P. Berthier obtained needle-like crystals of cerium sulphite, 002(803)3.3H2O, 
from a soln. of oiToiis carbonate in snlj)hurous acid. Th(‘ crystals are readily 
soluble in water. The soln. gradually decomposes. H. Grossmann said that 
cerium, lanthanum, and didymium sulphites exhibit no tendency to form complex 
sulphites with the alkali sulpliites. V. Cuttica prepared potassium cerous sulphite. 
K2S03.(Vo(80s) 3.4H20, by adding an excess of the alkali sulphite to a soln. of the 
liydrosulphite of the rare earth, and subsequently heating the liquid, on a wat.er- 
bath, in a flask connected with a water-pum]>, so that air is largely excluded, th<5 
double sulphite separates as a mieroscoyuc powder, which is highly stable in the 
air, but undergoes gradual oxidafion to sulphate if suspended in water. Similarly, 
ammonium cerous sulphite, 3(^14)2803.2002(803)3; and also normal sodium 
cerous sulphite, NaoS03.060(803)3.21120, and if a deticiency of sodium sulphit<' 
is present, 2Na2S03.3002(803)2.21100 is formed. P. T. Oleve obtained a voluminous 
mass of lanthanum sulphite, L42(803)2.4H20, from a soln. of the hydroxide in 
sulphurous acid; V. Outtica prepared pot^sium lanthanum sulphite, 3K2SO3. 
2La2(S03)3.2H20, and ammonium lanthanum sulphite, (NH4)2803.La2(803)3. 
J. (’. G. de Marigimc obtained didymium sulphite, Di2(S03)3.3H20, or bbLO, in a 
similar way. The salt is insoluble in water, and soluble in sulphurous acid, from 
which soln. it is precipitated by heating, and redissolves on cooling. V. (Juitica 
prepared potassium didymium sulphite, KoS03.Di2(S03).4H20. P. T. Cleve made 
samarium sulphite, Sm2(S03)3.3H20, as a white powder, by dissolving the oxide in 
sulphurous acid. The salt loses a mol. of water at lOC^. P. T. Cleve obtained in a 
similar manner erbium sulphite, £12(803)3.31120 ; ytMum sulphite, ¥2(803)3.31120, 
which is slightly soluble in water; and A. Cleve ytterbium sulphite, Yb2(S03)3.9H20, 
by the action of sulphur dioxide on water with the carbonate in suspension. It is 
insoluble in water, P. B, 8arkar prepared the dodecakydrate of gadoli^um sulphite^ 
Gd2(S03)3.12H20, by double decomposition of gadolinium nitrate with sodium 
.sulphite ; and the hexahydrate by the action of sulphur dioxide on gadolinia 
suspended in water. G, Caimeri and L. Fernandes prepanid some cuprosulphitcs 
of the rare earths, with the general formula RCu(803)2.8H20, and in the form 
of minute crystals, by cryvStallizing under reduced press, a warm soln. of copper 
carbonate and the rare-earth hydroxide, sat. with sulphur dioxide. These com¬ 
pounds are darker in colour and much less stable than the corresponding com¬ 
pounds of the alkali metal. Thus, cerium cuprous disulphite, CeCu(S03)2.8H20 ; 
lanthanum cuprous disulphite, LaCu(803)2.8H20; praseo^mium cuprous di* 
sulphite, PrCu(S03)2.8H20; and neodymium cuprous disulphite, NdCu(S03)2.8H20, 

are known. 
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§ 21. Sulphites of the Zirconium-Lead Family 

R. Hermann i olwerxccl lhat ammonium sulphite pre(*ipilat<'s a basic* zirconium 
Oxysulphite whi(*h dissolves in an excess of lli(‘ precipitant. soln. ^ives no 

precipitate with alkalies, and whcm boiled deposits zirconium hydroxide. F. P. Yen 
able ami (\ Baskerville passc^d siil[)}iur dioxide into a feebly ammoniacal soln. of 
zirconium chloride and obtained basic suljdutcs ; also by th(‘ action of sul}»biiron^ 
acid on zirconium hydroxide ; by tlie action of sodium sulj)hite on a feebly acidn 
soln, of zirconium chloride* , and i\ Baskc'rville, by the action of siiljdiiir dioxide 
on a f(‘ebly acidic soln. of zirconium chloride—not sulphate. The* composition 
of these products was found by F. P. Vcmalde and (\ Baskerville to vary from th(' 
molar proportion Zr : 80 ^. ” 2:1 to 4 : 1 . P. Bortbier described the basic sulphite* 
as a wliite powder, easily soluble in sulphurous acid, and precipitated by boiling 
the soln. F. P. \'enable and C. Baskerville obtained crystals of normal zirconium 
sulphite^ Zr( 8 ()jj)^. 7 H 20 , from a soln. of zirconium hydroxide in an excess of 
sulphurous acid, and evaporating the filtered soln. over cone, sulphuric acid. 

r. Baskerville* olitaine'd a basic thorium sulphite of in(h‘finite composition by 
jiassing sulphur dioxide into a soln. of thorium hydroxide in hydrochloric acid and 
neutralizing with ammonia; and H. (Trossmann observed the pn'cipitation from 
thorium salt soln. by ammonium sulphde is quantitative. The precij)itate is 
soluble in sulphurous acid. H. Grossmann obtained thorium dihydroxytrisul- 
phite, T]io(0H)2(S03);^.37H20, as a white precipitate by passing sulphur dioxide* 
into a cone*, soln of tliorium nitrate. P. T. Cleve obtained normal thorium sul¬ 
phite, Th(SO;j)2.H20, by deposition from a soln. of thorium hydroxide in sul- 
f)hurous acid, and drying the white amorphous powder at 1 (X)®. A soln. of 
thorium sulphite gives a precipitate when treated with alkali hydrosulphite, and 
the precipitate—possibly thorium hydrosulphiie —is only slightly soluble in an 
excess of the ]>rocipitant. No complex salt is formed when the hydroxide is dis¬ 
solved in a soln. of alkali hydrosulphite. H. Grossmann obtained potassium 
thorium hydroxysulphite, 2K2SO3,Th(OH)2SO3.10H2O, as a white amorphous 
powder; and sodium thorium hydroxysulphite, 2Na2S03.Th2(0H)2(S03)8.22H20, 
as an insoluble solid, which is soluble in dil. hydrochloric acid. 

A. F. de Fourcroy and L. N, Vauquelin ^ found that tin dissolved in sulphurous 
acid produces tin sulphide and sulphite. J. J. Berzelius said that stannous sul¬ 
phide and thiosulphate are the main products, but M. J. Fordos and A. Gelis 
showed that very little thiosulphate is formed. The main product is stannous 
sulphite. P. Berthier found that ammonium sulphite precipitates almost the whole 
of the tin, as tin oxysulphite, from a cold soln. of stannous chloride, and all is pre¬ 
cipitated from a boiling soln. According to A. Rohrig, a grey basic sulphite 
is precipitated when stannous chloride is added to an excess of alkali sulphite 
soln.; with more stannous chloride, the precipitate redissolves, and some stannous 
sulphide separates out. If freshly precipitated and well-w^ashed stannous 
hydroxide is treated with sulphur dioxide, a yellow basic salt, 5SnO.2SO2.20H2O, 
soluble in sulphurous acid is formed; and when the soln, is warmed, 
llSn0.2S02.20H20 is precipitated. K. Seubert and M. Elten mixed dii. soln. 
of stannous chloride and sodium sulphite, and after washing the precipitate and 
drying it in vacuo, obtained a product with the composition Sn(0H)2.16SnS03. 

J. L. Gay Lussac, and T. Thomson obtained lead sulphite^ PbSOg, by treating 
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u soln. of a lead salt with alkali siil}>lute ; IL P( 41 et used sulphur dioxide. K. Seu- 
))ert and M. Elton poured a soln. of 12*58 grms. of sodium sulphite in KK) c.c. of 
air-free water into one* of 37*8 grins, of lead ae(*tate in 100 e.e. of air-fre(‘ water; 
washed the pre(‘i})ita1e with watt‘r, and dried it in vacuo. M. Griffin and M. Litth‘, 
and G. S. Jainh\son sliow(‘d tliat the precipilation with .siilpliiirous acid, or with 
sodium or ammonium hydrosul[>hite, is quantitative. \\\ N. Iwanolf also showed 
that the reaction is sensitive' to ont‘ part of lead in 20 , 0 (X),() 00 . L. Marino added 
l(*ad dioxide to a cone. soln. of ammonium hydrosulphite cooled by ice ; 
Pb02+S0o~~PbS03+0. A. Kohrig passed sulphur dioxide into w^ater with 
lead carbonate in suspension. A. (L Fell passed sulphur dioxide into a soln. of 
lead acetate. R. Warrington treated lead phosphate with sulphur dioxide ; 
II. C. IL ('’arpenter, lead diihioiiate; S. C\ Smith, lead chlorid(‘; and A. Guerot, 
h‘ad sulphide. (L F. Rodwell observed that some sulphite is formed when lead 
sul]>hide is exposed to moist air; and A. and L. Lnmiere and A. 8eyt'wetz, by the 
action of h'ud pentathionat<* on sodium thiosulpliatc. Lt'ad sulphite is a white, 
tasteless, granular ]K)wder, which oxidizes in light to lead sulphate. When heatc'd, 
it deveio])s sulpliur dioxide and leaves a rcshlue of h'ad sulphide, sulphate, and 
oxide. J. L. (iay Lussac, and T. Thomson found tlie sulphite to b(} insolubh' in 
water ; and K. Seubert and xM. Elten showed that when boiled with water, it forms 
a basic salt, but a dc'finitc' basic sulphite could not be pre])ared. A. G. Fell. A. and 
L. Lumiere and A. Seyewetz, and A. C. J. Charlier projiosed to use the basic sulphite 
olitained by the action of steam on the normal sulphite, or from a })aste of lead 
oxide and sulphur dioxide under pn*ss., as a substitute for w'hite h'ad. A. H. Rohrig 
found th(‘ ^ul])hite is s}.aringly soluble in sulphurous acid, but soluble in other 
acids. J. L. Gay Lussae, and T. Thomson found that wdth hydrochloric and sul¬ 
phuric acids, sulphur dioxide is given off; and with nitric acid, the salt is oxidized 
to sulphate. L. Marino found that tin* sulphite is quantitatively oxidized by 
potassium {lermanganate soln. ; and with dimethyl sulphate it forms lead methyl 
Hulphonat(‘, and he inferred tliat the struct lire is asymmetric. 
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§ 22 . Sulphites of the Antimony-Vanadium Family 

J. J. Berzelius ^ obtained what he regarded as antimony sulphite by the action 
of sulphurous acid on antimony trioxide, and by passing sulphur dioxide into an 
aq. soln. of antimony trichloride; but A. H. Rohrig was unable to prepare anti¬ 
mony sulphite by either of these methods. 
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K. Seubert and M. Elton were unable to prepare bismuth sulphite, 
Bi^,(S03)3, bismuthyl sulphite, (Bi0)803, or bismuth hydroxysulpliite, Bi(0H)fS03). 
The pro(luctH were more complex, and may bo mixtures of two or more of th(‘8(* 
comy)onents. J. S. Muspratt obtained a sulphite which was not closely investi¬ 
gated by passing sulphur dioxide into a soln. of bismuth iiitrati*. A. b\ do Fourcroy 
and L. N. Vainpiolin, and A. Rohrig, obtained bismuthyl dihydroxytrisulj'hit(‘, 
{810)2803 2(BiOH)S03 .4 HoO, by treating bismuth oxide with suljdiurous acid, 
and wavsliing the }>roduct with alcohol, and drying it over sulphuric acid. The 
white, powder is stabh‘ in air, insolu})lo in water ; and soluble in sulphurous 
acid K. SoubfTt and M. Elton ol)tain(*d bismuthyl hydroxydecasulphite, 
9(Bi0j2803.Bi(0H)S03.2H20, as a white powder, by pouring a boiling hot soln 
of a mol of bismuth nitrate and nitric acid to a hot soln. of 1 mols of sodium sul¬ 
phite ; th(» preci])itate was washed free from nitric acid by hot water, and dried over 
sulphuri(‘ acid ; bismuthyl hydroxypentasulphite, 4(Bi0)2S03.(Bi0H)iS03.5Il2(), 
was jirepared by using a mol of Ihsmuth nitrate and 8 mols of sodium sulfihite, at 
ordinary temp.: bismuthyl trihydroxypentasulphite, 2(810)2803. 3 (BiOH )S03.2H20, 
using a mol of bismuth nitrate and 4 mols of sodium sulphite at ordinary temp. ; 
bismuthyl heptahydroxydecasulphite, 3(BiO)28O3.7(liiOU)8O3.10H2O, using a mol 
of bismuth nitrate and 3 mols of sodium sulphite, and bismuthyl trihydroxytetra- 
sulphite, (Bi0)2S03.3(Bi0H)803.H20, by allowing the precipitate with a mol of 
[)ismuth nitrate and t mols of sodium sulphite, at ordinary temp., to stand in 
contact with its mother-liquid for some tiimi before washing. 

(L Gain - imqmred vanadyl trisulphite, 4VO2.38O2.IOH2O, by dissolving in air- 
free sulphurous acid the mixture of vanadium tri- and tetra-oxides olitained by 
ealciniiig ammonium vanadate at a dull red-iieat. The soln. furnishes silky, blue 
needles of the salt. When the a([. soln. is boiled, it dccom])Oses, forming pale red 
ervstals of hypovunadic acid. 1 . Kojqiej and E. V. Belirendt prepared vanadyl 
sulphite, 3 V() 2 . 2802 . 4 JH 2 G, by boiling a mol of ammonium vanadate with a soln. 
of an <*r(. quantity of barium hydroxide until the ammonia is completely ex¬ 
pelled, and rediieing the suspended barium vanadate with sulphur dioxide : 
Ba(V(>3)2 I'SOj Ba8(>}-|-‘-2VO2. The evaporation of the filtered liquid in a 
eurnmt of sulphur dioxide gave a dark blue, microcrystalline powder, whose com¬ 
position is [»r(>bably H 2 (). 3 V() 2 . 2802 ^ 3 iH 2 f^- Vanadyl sulphite forms two senes 
of comjdex salts. Th(‘ l)luo H(*ries has the empirical formula 1F2^^*2S02.3V02.^?H20 ; 
and th(‘ green serie.s R' 20 . 28 U 2 AT) 2 .^iH 2 (h The blue s(‘ries is obtained by mixing 
a mol of ammonia with a soln. of a mol of th<‘ metavanadate, and, after reduction 
with sulphur dioxide, evaporating in a current of sulphur dioxide. Blue crystals 
of ammonium trivanadyl disulphite, (NH|) 20 . 3 V 02 . 2802 .Ho 0 , were formed ; and 
in an analogous manner sodium trivauadyl disulphite, Na2O.3VO2.2SO2.4H2O , 
potassium trivanadyl disulphite, K 20 . 3 V(> 2,2802 ; ana zinc trivanadyl disulphite, 
ZnO.3VO2.28O2, w<*re jirejiared. The green salts were obtained bv reducing a 
soln. of a in<‘tavanadate, adding ammonium suljihite and evaporating the liquor. 
In this way, ammonium van^yl disulphite, (NH4)20.V02.2S02.2H20 ; sodium 
vanadyl disulphite, Na2O.VO2.2SO2.5H2O; and potassium vanadyl disulphite, 
K2O.VO2.2SO2.5JH2O, were prepared. 

G. Gain obtained ammonium hexavanadyl tetrasulphite, (NH 4 ) 20 .GV 02 4800 . 
4H2O, in black, elongated crystals, by mixing ammonium hydrosulphite with the 
blue soln. obtained by treating ammonium vanadate with a sat. soln. of sulphurous 
acid, and evaporating at a low temp, in vacuo. He also obtained in an/analogous 
manner lithium divanadyl hexasulphite, 5Li2O.2VO2.6SO2.8H2O, as a blue crust 
of microscopic crystals ; sodium decavanadyl hexasulphite, Na2O.lOVO2.6SO2.2H2O, 
in black crystals ; potassium hexavanadyl tetrasulphite, K2O.6VO2.4SO2.5H2O, 
in blue crystals; rubidium divanadyl trisulphite, 2Rb2O.2VO2.3SO2.2H2O, in 
slender needles or as a grey crystalline ])Owdcr ; csesium divanadyl tetrasulphite, 
3C820.2V02*4S0o. 8H.>0, resembling the rubidium salt; and thallium hexavanadyl 
tetrasulphite, Tl2O.6VO2.3SO2.8H2O, or Tl2S03.3(V0)2803.8H20, 
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§ 23 . Sulphites o! the Selenium-Uranium Family 

TIh‘ nxl^t( in •(* of selenium sulphite, 80863, discussed in connection 

with M'h'oiuni sulphotrioxi<in ; and t!i<' corresponding telluriiun sulphite, TeSOs, 
i.< (li>( iisi<eti in connection with tellurium sulphothoxide. H. Berglimdi prepared 
ammonium tellurium sulphite, (XH4LS03.Te8()3.?/Ho0, soluble in water. 

A. Moherg- reported chromous Sulphite —pr(‘sumably CrS03—to be formed, 

a briek-red ])recipitat(‘. vvlnm acp soln. of chromous chloride and potassium 
.su]ph]t<* are mixed. Tlie precipitate should be washed away from access of air; 
n becomes brown in a few day^ owing to itv^ gradual conversion into bluish-green 
b,i'‘ic chromic sulphite. Tfiis chHng<* is ]iast(‘ned in air. L. N. Vauquelin pre¬ 
par'd normal chromic sulphite -pre.sumahly (’r2(S()3)3—when chromic hydroxide 
is diss(jlve(l in sul])hurous acid ; or, according to M. Prud’homme, in a soln. of 
sodium livdrosulphite. O, Scutari Manzoiii obtained it by w'arming on a w'ab'r- 
l»atii a mixture of molar proportions of powxh'red chrome-alum and sodium sul])hite 
with just euougli water to dissolve the mixture. On cooling the soln. sodium 
Mjl])hate crystallizes out. The green liquid w'as found by J. S. Muspratt to give 
a grccnish-wdiitt^ preci|>itate w’hen treated wdth alcohol ; and P. Berthier ff>und 
that w'hcn the soln. is boiled, a basic salt is precipitated. Tim cold soln. doi's not 
givi' a pr('cipitatt‘ with potassium carbonate, or sodium hydroxide, hut prcci])ita- 
tfon complct<‘ wlicu the soln. is boiled. Similar results w‘(T<' obtained with 
ammonia, and the soln. then has a light red colour. When a soln. of the normal salt 
i'A Ixeled, 1 \ Ii(Ttlii(‘r, and J. Damson observed the separation of chromic trioxy- 
sulphite, ( '1x03.00(803)3.]6fLO ; and A. Kbhrig obtained a similar jirecipitate 
by the acMition of ah fdiol, Tlie green pow^ler is decomposed wdicn lu'atcd. K. Seu- 
Ix ri and M. KIten obtained chromic tetrahydroxysulphite, 3rr2O3.38Oo.3HoO, or 
('r2(803).2 4rr(OH)3.t)HoO, or (>2(f^H)|8()3.2H20. is a green jin'cipitate, by mixing 
0 - 05 Y- or P-LV-soln. of sodium sulphite and chromic chloride as nearly neutral 
as ()Os.sil)le, ami boiling. A. Recoura mixed aq. soln. of a mol. of chromic sulphate 
and 3 niols. of sodium sulphite, and obtaine<l a green colloidal soln. which is floccu¬ 
lated, (HI boiling, to form a green pre<‘ipitate of chromium poutoiysalphite, 
2 rr 2 (J.^. 80 o, or Cr203.rr20.2(S03). It may be that the alkali sulphite forms a 
c(»mplex salt in the unboiled soln. iW evaporating the mother-liquor, chromiC 
dioxjrsulphite* Cro03(803), is formed as a green mass which yields a green colloidal 
.'^(»ln. with water. The reaction in the original soln. is probably that symbolized : 

Cr2(S04)3+3Na2S03-(V202.S03-i 2S02 + 3Na2S04. 

The chromium bi the i’old .soln. i.s marked from attack by many reagents. I’lius. if 
(j moJs. of ammonia in a(p s(dn. be added to a .soln. containing a mol, of chromic 
.sulphate and 3 rnois. of sodium sulphite, chromic hydroxide begins to separate out 
in 3 min. : if 6 nioIs. of siKlium sulphite are j^resent, the precij)itati()n begins in 
lo min. : if b mols., in 12 lirs, ; jirid if 15 mols. arc present, no precipitate formed. 
K. Berghmd found that chromic hydroxide dissolves freely in an aq. soln. of potas¬ 
sium sulphite, and on evaporating the green liquid, a gelatinous mass is obtained, 
lie mailt* pbtasadum chromic oxysulphite^ KoO.fV.jO;; 2802.wH:i0, or Kr‘r0(S03), 
a gri'cii prccipitafe, Itv mixing a soln of <*hromic salt aiui potassium sulphite. 
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ami after tie* tnixturt' hns stood for some time, washing the ]>reeipitat('. Tt decoiii - 
poses if tlie wasliing be long continued. 

In the absence of other acids, E. Pechard found that sulphurous acid does not 
reduce molybdates, but forms a series of complex salts. Tims, if sulphur dioxide 
be passed into a cone. soln. of ordinary ammonium molybdate until the liquid 
smells strongly of the gas, colourleb.s, microscopie, doubly refracting octahedra of 

ammonium decamolyMatotrisulphite, 4 (Nll 4 ) 2 <).inM()() 3 .‘)S 02 . 6 H 2 (), are formed 
It begins to decompose at ordinary temp., and when heated to 110 ^, gives oh 
sulphur dioxide, ammonia, and water. Tin* ^alt is sjjaringly soluble in water. 
A. Rosenheim held that the formula of the compound })r(‘})ared in this manner 
is that of ammonium octomolybdatodisulphite, r3(XH4)2f).8M(>03.2S02.5n2U. 
A. Rosinheiin obtained white* medics of ammonium pentamolybdatodisulphite, 
2 (N 1 1.2)20.5M0O3.2SO2.I2H2O, by auper.satnrating with bul]>hur dioxide a cold 
se)ln. of sodium para molybdate mixed witli ammoinum ehlorirh*. E. Pechard 
obtained plates of sodium decamolybdatotrisulphite, 4 Na 2 O.l(hMoO 3 . 3 SO 2 . 12 IL> 0 , 
by <*vaporating in vacuo a sola, of sodium molybdate, sat with sul})hur dioxitle . 
the eva])oration of the mother-liquor gives octahedral cryMals of the Itfxa- 
decahy (irate. A. Rosenheim obtained sodium pentamolybdatodisulphite, 

2 Na 2 b. 5 Mo 03 . 2 S() 2 * 81 l 20 ; but he did not siu‘C<‘ed in making lithium penta¬ 
molybdatodisulphite. E. Pechard obtained by tin* method just indicated, 
amber coloured, prismatic, crystals of potassium deeamolybdatotrisulphite, 
dKufl.lOMoO^.SSOo.101120 ; and if potassium liromide be added to a solri. of 
anunoiiium molybdate, sat. wdlh sulphur dioxide, yellow needles f»f ammonium 
potassium deeamolybdatotrisulphite, 4K(Nn4)0.1oMo03.3S02.91l20, are formid. 
A. Rosenheim regarded the potassium salt just indic'ated as potassium penta¬ 
molybdatodisulphite, 2K20.5Mo03.2S02-H20 ; and he also made rubidium penta¬ 
molybdatodisulphite, 2Rb2O.rjMoO3.2sb2.lH9O ; and cBBsium pentamolybdato¬ 
disulphite, 2C82O.5MoO3.2SO2.6H2O. E. Pechard tried to make a barium deca- 
molybdatotrisulphite by adding barium chloride to one of the alkali salts, but 
found that sulphur dioxide was given off, and the product obtained wms a mixture 
of variable proportions of barium molybdatosulphite and molybdate* ; but A. Rosen¬ 
heim mad(* b^um pentamolybdatodisulphite, 2Ba0.5Mo03.2S0.2.1(dl20 ; and 
strontium pentamolybdatodisulphite, 2 Sr 0 . jMo03.2S02.]2H20. O. Canneri and 
L. Fernandes obtained minute prisms of rare-earth molybdatos^phites by saturating 
a cone. soln. of ammonium jiaramolybdate wdth sulphur dioxide, and adding a rare- 
earth ac<*tate. The composition of the crystals varied on fractional crystallization, 
the, rare-earth content thus became smaller and smaller. It was not possible 
to assign rational forniuhe to the prod net .s, and it was sugge.sted that this is due to 
the partial miscibility in the solid state of aiiimonium molybdatosulphite with the 
corre.sponding rare-earth compounds. 

C. F. Rammelsberg prepared uranous Oiysulphite, UO.SO.i 2H2O, or 
U(0H)2S03.H20, by the action of sodium sulphite on an aq. soln. of uranium 
tetrachloride, some sulphur dioxide is evolved, and the greyish-green precipitate 
is dried over sulphuric acid ; 0 . Brunck obtained this basic salt by boiling the soln. 
of the normal salt—presumably uranium disulphite, U(S03)2—obtained by adding 
an excess of sodium hydrosulphite to a sobi. of a uranyl salt. The reddish-brown 
precipitate passes into soln. The basic salt loses w^ater and sul}>hur dioxide when 
heated and forms the tritoctoxide. It is insoluble in water, and easily soluble in 
sulphurous acid. Uranyl hydroxide itself, said A. Girard, is not soluble in liquid 
sulphur dioxide. A. Itemelc's J. S. Muspratt, and P. Berthier obtained a yellow 
precipitate by boiling a soln. of ammonium uranyl carbonate in sulphurfius 
acid, or a uranyl salt with a soln. of ammonium sulphite, and obtained what 
d. S. Muspratt regarded as normal uranyl sulphite, but wdiat A. Girard (on- 
sidered to be uranyl oxysulphite, and L. Scheller, aramonium uranyl oxysulpliite. 
K. Seubert and M. Elten obtained orange uranyl hexahydroxn^tasulphite, 
3 U 02 { 0 H) 2 . 5 (U 02 ) 80 ^. 1 CH 20 , by mixing hot A'-soln, of uranyl nitrate and sodium 
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sulpliiti* ; and washing the precipitate with alcohol, since water inakcfe it gelatinous. 
V. Kohlschiitter prepared anhydrous uranyl sulphite, (C02)S03, by heating the 
hydratr at 105 *^. Its constitutional formula is represent(^d by 

rO2.SO3.yO 

SO3 SO3 

UOo.SOg.UOj 

. 1 , S. Muspratt, and A. (lirard prepared the icirahydrali , (I'02)803. 4 HoO, or 
r02(0H)(HH03), by passing sulphur dioxid<* into water with F, J. Malaguti's 
uranium hydroxide in siisjamsion, and evaporating the yellow soln. spmitaneously. 
A. Rdhrig obtained it by treating uranyl acetat(‘ with suljduirous acid ; \\ Kold- 
schu1t<‘r, by ])assi]ig sulphur dii^xide into a soln. of uranyl acetat<' ; K. Si'ubcTt 
and M. Elten, by mixing cold, normal soln. of uranyl nitrat(‘ and sodium sulpiiite, 
and pa.ssing sulphur dioxirle into the filtrate, and adding an (*(|ual \ol. of alcohol 
for ])n‘cipitation : and IT. Lienau, by boiling L. Scheller's ammonium 
infra. The salt is variously described as forming yellow prisms, or necdh's. It is 
vstable at ordinary t(‘mp., and when dried on a vvatiu'-bath was found by V. Kohl- 
scluitter to form a golden-y(‘llow mass of firismatic cry.stals of tlu^ fnfahcnahydraic. 

. (U02)8()3.2pT20. A. Girard said that th(‘ sulphit(‘ forms uranyl oxide at a low 
temp. ; and at a higlier t<‘m}». the tritoctoxiih* is fornn'd. The salt is insoluble 
in water : soluble in aq. or alcoholic sulphurous acid, and is ])recipitat«'d from lliis 
soln. by boiling, or by alkali sulydiitcs. A. fbihrig said that uranyl hydrosulphite 
do(\s not exist : Kolilsehultcr said that an a<‘id salt may exist in schi. 

V. Kohl.M hiltt<*r reported ammonium tetrauranyl pentasulphite, 
t<» be formed by treating a soln. of uranyl nitrate with an 
a(‘id soln. of ammonium hydrosulphite, and stirring thi‘ washed ])reci]utat<* with 
stdjdiuroiis aeid on a water bath until a dro}> (d the soln. <h‘])osits tabular 
erystais. V. Kohlscliiitter also ])re])ared sodium tetrauranyl pentasulphite. 
Na.d I ( )-)4b803)5,u H^t), and potassium tetrauranyl pentasulphite, K2(r()2)4(S03)r,; 
ammonium triuranyl disulphite, (NH4)20.3r03.2S()2, by warming the filtrate con¬ 
taining much sulphur dioxide, obtained m preparing the pnsH'iling salt, until the 
suljihnr «lio\'ide is almost all expelled. It is also niadi* by mixing a Id ])cr cent, 
soln. of uranyl nitrati' and ammonium hydn»sul})}iite .so that the molar ratio 
rOo : (NH4)HS03 is ( : 4 to b ; on wanning the mixture on the water-bath, as 
Miljihur dioxide escapes the salt gradually separates in tabular crystals. V. Kohl- 
M*hiitter also prepared Sodium triuranyl disulphite, Na20.3r()3.2S02 ; and potas¬ 
sium triuranyl disulphite, K20.3r()3.2S02; and he made ammonium diuranyl 
trisulphite, (NH4)2(UD2)-j('^^y3- method employed by L. Scheller for the 

Itydroxysulphite ; by mixing a sulphurous aeid soln. of uranyl sulphitt\ unarmed on 
a water-bath, with ammonium hydrosulphite ; liy treating ammonium hydrosulphite 
with a soln. of uranyl nitrat<‘; and by ])avS.sing sulphur dioxide into a soln. of 
ammonium uranyl di.sulfihite. \\ Kohlschiittei made sodium diuranyl trisulphite, 
Na.fl’02)2(803)3, and potassium diuranyl disulphite, K2(002)2(803)2, in a similar 
way. TIh‘ Ciuistitution is supposed to be K8O3.U02 0.S"O.O.UO2.KS03. He 
also ]>repHred ammonium uranyl disulphite, (NH4)2(OOo)(S03)2, by passing a 
current of sulphur dioxi(i(‘ into a soln. of uranyl nitrate anti an excess of 
ammonia, and allowing the* bM‘ble acidic soln. to stand for a day- -if the sulphur 
dioxide be passed for too long a time, the diuranyl trisulphale is formed. It is 
also prepared by mixing an (‘xcess ^f ammonium hydrosulphite with a soln. of 
uranyl nitrate, atul allowing the mixture to stand for sometime w^hmi the voluminous 
fireiipitate forms a mass of yellow crystalline plates. F. L. Hahn and co-wmrker.s 
prepared the ammonium uranyl sulphite by the method used for the corresponding 
<;opper complex. V. KohlschiittfT also made sodium uranyl disulphite, 
Na2(U02)(S03)2; and potassium luranyl disulphite, K2(U02)(S03)2, in an 
analogous way. L. Schellor reported ammonium uranyl hydrosulphite, 
(NH4)(0H)(II02)803.//H20. as a yellow powder by mixing soln. of uranyl sulphite 
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iiiul amiiioiiiuiu iiydro.sul])liit(‘. II. Licnau could not obtain it in this way. 
L, Scli^'llnr said ^hat the salt is not soluble in water, })ut is nior(‘ soluble than the 
|)o1as.Himii (U* ainnioniurn salts in sulphurous acid. Tin* eorrespoiidin^ SOdlUltl 
uranyl hydroxysulphite, Na{(jlI)(lI 02 )(^SOj), and potassium uranyl hydroxysul- 

phite, K(()H)(l 02 )(S 03 ), W(‘re also prepared by L. Helieller. H. Lienau obtained 
tiu* ur,in>‘l sulplutt‘ of A. (Orand by this j)rocess ; and Kohlsehiitler, the pota'^- 
siuin dinranyl trisulphite. 

The rare earth Tuctals of llw' cerium group, by virtiu^ of their high basicity, 
combine with eom[)l(‘x acid radicals to form compounds analogous to thos(‘ of tb<’ 
alkali and alkaline earth nudals. In these compounds tlie iudivi<hiality of the 
eomplex is not d(‘^1royed by the physical and ch(*niica] charact(Tisties of the rare 
earths. tJ. ('amieri and L. Fi'rnandes obtained uranyl sul[>hiles ol the gen(‘ral 
formula li. 2 (b 02 ):,(»^II:dM-I3li,0 by crystallizing in vacuo at th(‘ ordinary temp, 
a soil!.. satiirat(*(i with sulphur dioxide, containing the rare-earth hydroxide and 
uranyl suljjhat(‘. The prodmls obtained w(Te murocrystalline and of constant 
conifiositioii. Tliey suggest( m 1 the constitution 

SO-i ; H.Stb^.UO.^.SO.j r()2.S<)3.U02.S()3.l'02.H();i.lJ()2.^03K : SO 3 . 

Thefollowingsalts wen'so pn* pa red, cerium uranyl sulphite, ('c2(1j02)5(S03)8'15H2(), 

lanthanum uranyl sulphite, 1 a 2 (r(>ii) 5 (S() 3 )H i praseo^mium uranyl sul¬ 

phite, (T>)-,(S().^)^.r)}I.,(); and neodymium uranyl sulphite, Nd2(r()2)5(^^^3)«- 

l.'iH.o. 

It hi hKKN( h.S. 
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§ 24. Sulphites of the Manganese and Iron Families 

J. Meyer ^ treated manganese dioxide in a similar manner, in boiling water, 
and obtained a mixture of manganese dithionate, sulphate, and suljdiite : 
2MnO.T 31 LS 03 - Mn^(y 03 ) 3 +*fH 20 -t 0 ; Mn.,(S 05 j )3 -- MnSOa r MnS.Oe : and 

MnSOj+O- -MnS 04 . Tlu' manganic sulphite* Mn 2 (S 03 ) 3 , first formed is not stable 
and is rapidly decomposed, forming normal manganese Sulphite, MnSO 3 . and tbe 
dithionate. J. F. John passed an excess of sulphur dioxide into water with manga¬ 
nese carbonate in su 8 ])enaion and obtained a soln. of manganese sulphite, Mn80;i 
F. Berthier boiled the liquid during the passage of the gas and obtained a ))re- 
cipitate of the hmifteniahydrate, MnSOg.241120, J. S. Muspratt allowed the 
liquid sat. with sulphur dioxhle to stand for some time to permit the hemipenta- 
hydrate to deposit. C. F. Rammelsberg obtained the same hydrate by the ac tion 
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iiianpineM' ncotate on sodium sul|>liite ; and A. Kdlirijr, hy truatiii); an acidic, 
'ioln. with alcohol, or <'\a|>oratiu" (lie liijuid. No evidence of the formation of 
manganese hydroswlphite, Mnfliso.,):;. was i»l)SLTVO(l; although G. I)onig(*s obtained 
n complex salt with aniline, Mn(F{S(.i 3 ) 2 . 2 CtiIIr,NH 2 ; and manganoso Hul]»hit<' can 
also he prepared by the action of sulpliur dioxkle on water with manganese sulphide 
in suspension, W. E. Hendt'rM'ii and Ft. lb Wei,ser observed that tlie iuauganes(‘ 
Milphite iirst {)reci])itated (»as.st"> into '-olii as hydrosulphite as thc^ current ol gas 
IS camtinued- ride infta, ferrous sulpliite. The white, erystalline powder of the 
heniipentahydrate, aeeording to d. S. Miispratf, a}»pears at first to be tasteless, but 
afterwards, it develops an oftV?jsive. metallic taste. Analyses w^ere made bv 
J E. John, 0. P\ Raininelslierg, and A. Rbhrig. J. S, Muspratt o])tained 
MtiS 03 . 2 T- 1 o() ; and A. (b>rgeu considered the hemi})entahydrate to be a mixture of 
the mono- and tri-hydrates. J. F. John reported that the salt is permanent in 
air. and i^ insolulile in wnt<n F. lleeren and P, 13erthi(*r said sparingly soluble--- 
and insoluble in alcohol; J. S Musjiratt said that it is insoluble in ether; and 
P. Berthier, freely soluble in suljJiurous acid, and other acids. A. Naumaim found 
it to be insoluble in acetone. J. F. John reported that the salt is decomposed by 
heat; J. S. Alusjjratt, that at KH)' it loses water without further decomposition; 
and y^dth stronger beating in air gives off sulphur dioxide and forms manganese 
trioxide. V. F. Panimelslferg (Jfserved that in a retort, water and sulphur dioxide 
are given olT, and a greenish-brown re.sidue of manganese sulphide, trioxide, and 
sulphat<‘ is formed According to A. Gorgeu, if in ])reparing the trihydnite, the soln. 
are W'orked at BKb, the ntonohtfdrdti, MnSO^.HoO, is formed; and G. Deniges 
obtained the same hydrate by Ifoiling manganese aniline hydrosulj)hite in water. 
The rhombic prisms of the nionoliydrate lose their water at IfiO'". The salt is not 
stable in tlie mother-liquid , .uid in water and especially in the }>resence of 
sulpliiiroiis acid it forms the Uihifdrate, MnS 03 . 3 H 20 , in a few minutes. 
K, Seubert and M. Klten obtained the trihydrate by mixing soln. of manganese 
sulphate and sodium sul])hite at ordinary temp. G, Deniges said that it is best to 
work with a soln. containing acetic acid, w'hicli, w^heii allowed to stand for 24 hrs., 
yields crystals of the trih\ dnite. A. \\ uchter obtained the trihydrate by the method 
indicated for pre])aring the iiemij>entahydrate. According to A. Gorgeu, the tri¬ 
hydrate can be (J)tained in monoclinic crystals by the evaporation at c>rdinary temp, 
of a soln. of manganese ,sui])lute in a cone, aq, soln. of sulphurous acid, or of a soln. 
obtained by adding an alkaline sulphite to a large exceeds of a soln. of a niangane.se 
salt until a permanent precipitate just begins to form. This salt has a ]>alc rose 
colour ; it dissolves in 10,000 parts of cold or 5000 parts of hot water ; is rather more 
soluble in cone. soln. of manganous salts ; and dissolves somewhat easily in a cone, 
aq. soln. of sulphurous acid. It oxidizes slowly in dry air, more quickly in ordinary 
air, and rapidly in moist air or in contact with aerated water, especially if finely 
powdered. In jircsence of wat(T, chlorine, bromine, and iodine convert it into 
sulphate. The triliydratc begins to lose water at 70°, and oxidizes somewhat 
rapidly. When calcined at a bright red-heat, it leaves a residue of trimanganese 
tetroxide. The mono- and tri-hydrates when heated out of contact with air give 
off sulphur dioxide and leave a residue of manganese monoxide/ sulphate, and 
sulphide. Heated gradually to redness in a current of hydrogen, manganese sul¬ 
phite leaves a residue of 87 parts manganese monoxide and 13 parts manganese 
sulphide. P. Ray and B. K. Gosw’ami obtained 

sulphite^ Mn(HS 03 ) 2 .N 2 H 4 , by the action of a soln. of manganese sulphite in aji 
excess of sulphurous acid, on a dil. soln. of hydrazine hydrate ; the white, crystal 
line precipitate is washed with alcohol, and then with ether, and dried over sul¬ 
phuric acid in vacuo. If a cone. soln. of hydrazine hydrate is used, the white 
precipitate first formed changes into manganous hydroxide, which quickly 
oxidizes in air. ^ J 

K. Seubert and M. Elten prepared rose-coloured, octahydrated nuungAneM 
hydroxypentasttlphita, 2 Mn( 0 H) 2 . 5 MnS 03 . 8 H 20 , by heating a mixture of jV-soln, 
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of manganese and sodium sulphites, and washing the product with hot walor ; and 
by using OdA^-soln., he obtained the htnnhmlmie, 2 Mn( 0 H) 2 . 5 MiiS 03 JlH.j.( >. 
A. Gorgeu prepared manganese dihydroxydisulphite, 2 MnS 03 .Mn( 0 H) 2 . 2 H 20 
slowly mixing a large excess of a 3-5 per cent. soln. of sodium or potassium sulphite* 
with a boiling 20-25 per cent. soin. of manganese sulphate. The wliitc ])recipitate 
forms a rose-coloured, crystalline powder consisting of rhombic jirisnis whicli are 
decomposed by a prolonged washing. The salt loses no w^ater at 200"^, hnt is 
decomposed at a higher temp. 

H. Berglund made ammonium manganous sulphite, (NH 4 ) 2 B 03 AluS 0 ., as a 
crystalline powder, by mixing soln. of the com})onent salts ; and A. Gorgeu, from a 
soln. of manganese sulphite in a 15-20 per cent, soln, of ammonium sulphit(‘ sat. 
with sulphur dioxide, by evaporating the liquid on a water-bath or over a medium 
which will absorb sulphur dioxide. The rectangular prisms mixed witli six-sid(*d 
prisms are more stable towards oxygen than the potassium or sodium salt, aud art* 
less readily affected by water. When healed out of contact wdth air, ammortux is 
first evolved, then ammonium hydrosulphite, and finally sulphur dioxide, and a 
mixture of manganese oxide and sulphide remains. F. L. Hahn and co-w^orkers 
prepared the ammonium manganese sulphite by the method used for the ammonium 
copper complex salt. A. Gorgeu prepared sodium manganous sulphite, 
Na 2 S 03 .MnS 03 ,H 20 , in monoclinic prisms, from a soln. of sodium sulphite and 
hydrosulphite, saturated in the cold, and then heated to 80'' and mixed with a 
20 per cent. soln. of Mri(’l 2 . The crystals are dried on a porous tile. The crystals 
are rapidly decomposed into the component salts by hot or cold water, and at 150^ 
lose their water of crystallization. If the soln, of sodium sulpliite used be mixed 
with half its vol. of water, sodium manganous pentasulphite, NagSOs.IMnSOs, is 
formed. It is only slightly attacked by water. F. L. Hahn and co-wmrkers pre¬ 
pared the sodium and potassium complex salts by the method used for the complex 
copper salts. A. Gorgeu prepared potassium manganous sulphite, K^SOa.MnSOs, 
by the method employed for the corresponding ammonimn salt, but if the evapora¬ 
tion be conducted on a water-bath, needle-like crystals of potassium manganous 
trisulphite, KoS 03 . 2 MnS 03 , an) formed. G. Canneri prepared thallous manganous 
sulphite, Tl 2 Mn(S 03 ) 2 , as a white, microerystallinc* powder. 

When iron is dissolved in sulphurous acid out of contact with air, C, L. Ber- 
thoUet, M. J. Fordos and A. Gel is, and A. Vogel showed that crystals of ferrous 
sulphite, Fe803.3H20(or 2JH2O), are deposited—either immediately, or on evapora¬ 
tion out of contact with air—before the crystals of thiosulphate appear: 
2Fe-f-3H2SOs"—FeS03-|-J'6S203+3H20. A little sulphur, and iron sulphide are 
formed at the same time. No hydrogen is given off, for it is apparently consunu*d 
in reducing the sulphite to thiosulphate. 0. J. Koenc separated the two salts 
by washing the crystals with alcohol—^the thiosulphate dissolves, the sulphite is 
insoluble. K. Seubert and M. Elten observed that ferrous sulphite is formed by 
the interaction of soln. of a ferrous salt and sodium sulphite, and when ferrous 
hydroxide is dissolved in sulphurous acid out of contact with air. A red soln. 
shows that some oxidation has occurred—possibly by dissolved oxygen—but the 
colour soon disappears, and crystals of the salt are obtained by evaporating the 
liquid. According to W. E. Henderson and H. B. Weiser, when sulphur dioxide is 
passed into ice-cold water in which ferrous sulphide is suspended, out of contact 
with air, ferrous sulphite is deposited as a crystalline powder, in accord with a 
suggestion by A. Guerout: FeS+H2S03—FeSOs-f H2S 5 current of gas be 

continued, the crystals dissolve, and a soln. of ferrous hydrosulphite, Fe(HS03)2, 
is formed. If the soln. be warmed, crystals of the normal sulphite are again 
deposited. C. F. Rammelsberg said that a stream of sulphur dioxide passed into 
water with manganese sulphide in suspension forms thiosulphate and sulphur. 
W. E. Henderson and H. B. Weiser showed that these products are due to 
a seodndary reaction ; for the soln. still contains the metal when all the sulphite 
has been precipitated by boiling, and when treated with acids, it gives the reaction 
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for thiosulphates—liberation of milk of sulphur. In the primary reactiou, most 
of the hydrogen sulphide escapes, but part reacts with sulphur dioxide, forming a 
very active form of sulphur which iinit<‘s with the liydrosulphite in soln. to form a 
thiosulphite, as in H. Debus’ reaction : Fe(I1803)2 \ When 

ferrous sulphite is heated, M. J. Fi>rdos and A. Gelis, and P. Berthier (ihserved that 
sulphur dioxide and water are evolved, and a black residin' is fornu'd. 1 he moist 
crystals oxidize in air, and the aq. soln. ac^juires a deep r(‘d colour by oxidation. 
Alkalies precipitate ferrous hydroxiile from an aq. soln. of ferrous sulphite. Ihe 
salt dissolves sparingly in water, and frei'ly in sulpliurous acid ; J. S. Muvspratt said 
that the salt is insoluble in alcohol. 11 . Berglund prepared ammoilium ferrous 
sulphite, (NH4)2803.FeS03./i]L0, from a soln. of the component salts. F. L. Hahn 
and co-workers prepared the ammonium salt by tlie method used for the ammonium 
copper sulphite. G. Canneri prepared thallous ferrous sulphite, TLhe(S0;j)2, as a 
brick-red, microcrystalline powder. 

According to P. Berthier, fr«*shly ])n*{‘ipitated h'rric hydroxide readily dissolves 
in sulphurous acid, and the soln. which is n'd at first soon decolorizi's owing to tlie 
formation of ferrous sulphate. H. C. H. Carpenter said that the jnjrilicd and well- 
washed ferric hydroxide dissolves very slowly, forming a yellow .soln. P. Berthier 
also found that the dried hydroxide di.ssolv(‘s slowly in cold sulphurous acid, but. 
the hot acid dissolves it quickly, forming ferrous sulphate ~A. Gelis said ferrous 
dithionate and sulphite: Fe2(S()3)3--FeS()3 I Fe820g; and IL J. Buigru't 
represented the reaction : Fe2(S03):r “FeS()4 f F('S()3 f-SOo Hence ferric sulpUte, 
Fe2(S03)3, has not bi'en isolated, and it is known only as an unstable, red soln. 
which can be prepanal as just irulicat<'d, or ))\ tin* action of sodium sulphite 
on a soln. of ferric (‘hloride. By working witli well-cooled liquids, a neutral soLi. 
can be obtained containing neither a ferrous salt nor sulphurous a(‘id. According 
to G. J. Koene, A. Gelis, aiul J. S, iVIiispratt, ferric OCtOXysulphite, 
2Fe2()3.F<*2G2(SO3).7Hv20, is formed, as an ocreous powdi'r, when the red soln. of 
ferric sulphite is evaporated ; if the soln. of ferric hydroxide in ice-cold sulpliurous 
acid be filtered into IH) per cent, alcohol, and washed with water, t he t rioxytrisulphite 
passes into ferric dioxysulphite, Fe202(i!^03).6H20 ; and if tin* red soln. be treated 
with alcohol, yellowish-brown ferric trioxytrisulphite, Fe203.Fe2(S03)3.3H20, is 
formed. K. S^mbert and M. Ellen also prepared this basic salt; and they obtained 
ferric heptohydrozysulphite, Fe(OH)(SD3).2Fe(OH)3, or 2Fe2(S()3)3.7Fe2(OH)(i, as 
a brownish-yellow, amorphous jirecipitate by keeping in a warm place a mixtun* 
of N- or 0*1 Y-soln. of ferric chloride and sodium sulphite. 

J. S. Muspratt reported potassium ferric dioxytrisulphite, Fc 202 (S 03 ). 2 K 2803 . 
5H2O, to be formed as a y(*llow, crystalline precipitate by adding j/otash-lye to th<* 
red soln. of ferric sulphite ; and G. J. Koeue, potassium ferric dioxydihydrotri- 
sulphite, Fe202(vS03).2KHS03.H20, as a yellow precipitate. The chemical 
individuality of these basic salts cannot be regarded as established. H. Berglund 
prepared potassium ferrosic sulphite, 2K2S04.FeS03.(Fe0)2803, as a precipitate; 
and A. Stromeyer obtained sodium cuprous ferrosic sulphite, Na2O.Cu2O.2FeO. 
Fe203.6S03.16H20, in a similar manner ; the salt was said to be soluble in Cold diL 
sulphuric and hydrochloric acids with a residue of cuprous chloride ; 100 })arts of 
water dissolve about 0*1 part of the salt. 

K. A. Hofmann prepared a series of six ferrisulphatosulphites ; thus, potassium 
ferrisulphatosulphite, KFe{S04)803, or KS04.Fe : SO3, was obtained by treating 
finely powdered iron ammonium alum with potassium liydrosulphite; it crystallizes 
in slender, doubly-refracting needles. It is but sparingly soluble in cold water, and 
the soln. contains ferric salt only. When heated for some time with water at 80 ®-~ 90 '’, 
ferrous sulphate and potassium sulphate are dissolved, and a yellow residue is 
obtained which is soluble with difiiculty in dil. acids with evolution of sulphurous 
anhydride. It dissolves readily in cold, dil. hydrochloric acid, and the bright 
yellow soln, gives a blue precipitate with potassium ferrocyanide, and only* after 
boiling, a blue one with potassium ferricyanide. The correspmding ^minm iiiini 
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ferrisulphatosulphite, (NH4)Fe{S04)S03^, was obtained by treating ainnionium 
alum with amrnoniiiia or sodium hydrosulpbite; it crystallizes in slender, yellow 
)i(‘(‘dles, is only very slightly soluble in cold an<l liot water, and by ])rolonp‘<l boiling 
with water is converted into a r<‘d ponder, witli evolution of sul]>hur dioxide*. It 
IS easily soluble in cold, dii. hydrochloric acid with evolution of sulphur dioxidv*. 
When treated with ammonia or dil. alkali-lye, it is decompose<l with formation 
of a brown, docculent precipitai<\ ]ik('vvis(% potassium ferrisulphatodisulphite, 
K3Fe(S03)2.B04, or KS04.Fe(KS<)3)M, was jjrepared by digesting the heplanitroso- 
sulphonate for about a month with S(»dium liydrosulphite at 4". It crystallizes in 
beautiful, lustrous, dark yellow lealhds, is almost insoluble in cold water, and behaves 
like the sulphatotetrasulphite wlnm l)oile<l with water or dil. acid ; and sodium ferri¬ 
sulphatodisulphite, Na3F(‘(S03)2S04.f)H2()» by digesting sodium iron li(‘ptanitroso- 
Hulphonato with sodium hydrosulf)hit(‘ for some days. It crystalliz(*s in lustrous, 
flat, yellow prisms, and is very siimlar to tin* corr(‘Spondirig ])otassium salt. Further, 
potassium diferrisulphatotetrasulphite, K4Feo(S04)(S03)4.r)H20, or (KSOg)^: Fe 

SOijFe : (KSOijl-blioO, is obtained by treating jmtassiuin iron liej)tamtrosu]phonatc, 
KS3Fe4(NO)7, dissolved in alcohol with a soln. of sodium hydrosulphite, and allowing 
the mixture to remain at the ordinary temp, for about 14 days. It forms a y(‘ll(jw, 
lu.strous mass of microscopic ne(‘dle8, is insolubh' in cold water, and when boiled with 
water is decomjiused into ferric liydroxide and a soluble ferrous salt. It dissolves 
imniediat<‘ly in 20 per cent, hydrochloric acid, and the soln. gives a blue precipitate 
wdth potassium ferroc vanid(*, and only a browm coloration wdth potassium fern- 
cyanide, w'hence il is concluded that the compound is a ferric salt On boiling tln‘ 
hydrochloric acid soln., f>artial reduction of tlu* b^rric salt tak(‘s ])Iace. The (orn^- 
sponding sodium diferridihydrosulphatotetrasulphite, Na2H2Fe2{S0i)(S03)4.2H20, 
vviis obtained by dissolving freshly prepared fiTric hydroxide in a cone. soln. of 
sodium hydrosuiphite and sulphurous acid. On eva]>orating the soln. over sulphuric 
«ieid, a red, amorphous substance separates at first : but after this has been removed, 
a (Tystalline mixture of the salt together with the sulphatodisulphite is obtained. 
It can be separated by treating the mixed crystals with a soln. of sodium hydro- 
sulfihite, ami ery.stallizes in bright olive-greim needles. 

J. 8. Muspratt^ found that cobalt carlionate dissolves readily in sulphurous 
u(‘id, aud when the soln. is treated with alcohol, a brownish-red flocculent prccipi- 
iat(‘ of CObaltOUS sulphite-probably 0o8(>3H20—is formed. According to 
V. Rdhrig, it is probably ro803.5H20. J. S. Muspratt, and A. Rohrig jiassed 
sulphur <ii(^xide into water with cobalt hydroxide in suspension, m the absence of 
air, and boiled the liquid. 7^he resulting red crystals were those of the pentahydrate, 
(k)S()3.5H20. If the soln. be evajiorated in a current of hydrogen, C. F. Rammels- 
berg, and A. Rdhrig found that red crystals of the trihydrate, CoS()3.3H20, whtc 
formed. (\ F. Rammelsberg said that much sulphur dioxide is given oft during 
the evaporation, J. Mai and M. Silberberg found that an orange-coloured salt is 
produced when cobaitous sulphite is treated wdth potassium cyanide. (\ F. Raiu- 
melsberg, A. Rdhrig, and F. Berthier found that when a neutral .soln. of a cobalt 
salt and potassium sulphite is boiled, part of the cobalt is precipitated as a basic 
salt which becomes more liasic when it is washed with water. K. Scubert and 
M. BIten saturated a soln. of 23*7 grins, of cobalt chloride, and 12*58 grins, of sodium 
sulphite with sulphur dioxide ; the jirccipitatc first formed dissolvc'd and when the 
liquid was warmed, a rose-coloured precipitate was produced. Cobalt dihydroxy- 
peotasulphite, Co(OII)2-bF<^SO3.10H2O, which, in an atm. of hydrogen, could be 
washed with water and alcohol without change. If the soln. in an atm. of hydrogen 
in a sealed tube be heated on a water-bath, rose-coloured cobalt dihydroxydoca- 
sulpUte, Co(OH)2.i('0oSO3.5H2O, is formed. 

H.Berglimd prepared ammonium cobaltons diaulphite, (NH4)2S03.CoS03.wH20, 
from a soln. of cobaitous sulphate saturated with ammonium sulphite. The rose- 
red precipitate is readily oxidized in air. He also obtained yellow ammonium 
OOblutolUl trisnilphitos (NH4)2805.2CoS03.11H20. F. L. Hahn and co-workers 
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})roparrd tiie ammoniimi cobalt salt by the method they used for the ammonium 
copp(‘r salt ; and similarly also with the sodium and potassium salts. W. Schultzc 
prepared j)a]e red potassium cobaltoos disulphite, K2SO3.C0SO3.H2O, by heating 
a mixed soln. of cobaltous sulphate or chloride and a neutral soln. of potassium 
sulphite; or by boiling cobaltous hydroxide with an acidic soln. of potassium 
sulphite. The compound readily oxidizes in air. He prepared sodium cobaltous 
disulphite, Na2SO3.CoSO3.wH2O, in a similar manner. G. Jantsch and K. Abresch 
prepared lithium cobaltous trisulphite, Li3[Co(S03)3l.4H20, by treating a soln. 
containing lithium nitrite and cobalt nitrate with acetic acid, and adding the 
resulting soln, to a boiling soln. of lithium sulphite. The complex salt crystallizes 
out readily if the soln. is kept at 80 ' to 90 ° for a short time. On exposure of the 
soln. to air, cobaltic hydroxide gradually precipitates. The insoluble potassium 
cobaltous trisulphite, K3|Co(S03)3l.6H20, may be obtained by direct precipitation. 
A soln. of the lithium salt yields no precipitate when treated with cold ammonia 
soln., whereas with sodium hydroxide soln. all the cobalt is precipitated as hydroxide. 
The soln. has a very low^ conductivity and exhibits the Tyndall effect; after ultra- 
filtration the conductivity remains very small, and the Brownian movement is 
observable. The true solubility of the complex salt thus appears to be very small. 
Transport observations indicate the presence in the soln. of the 00(803)3'" ion. 
G. Canneri prepared thallous CObaltous sulphite, Tl2Co(S03)2, as a pink, micro- 
crystalline powder. 

A. Geuther treated freshly prepared cobaltic hydroxide with a warm, cone., aq. 
soln. of ammonium sulphite. The liquid soon acquires a dark brown colour, and 
ammonia is given off as the hydroxide dissolves. The liquid presumably contains 
an unstable cobaltic sulphite, 002(803)3. A dark reddish-yellow powder soon 
separates from the soln, K. A. Hofmann and S. Reinsch prepared pentahydniied 
cobaltic diamminosulphite, Co2(S03)3.2NH3.5H20, by dissolving cobalt acetate in 
7 per cent, aq. ammonia ; exposing the soln. to air until it becomes deep violet ; 
saturating the liquid with sulphur dioxide; and washing the brown amorphous 
precipitate with sulphurous acid. The salt is sparingly soluble in water, and when 
treated with soda-lye yields cobalt hydroxide; when boiled with 7 per cent. aq. 
ammonia it is converted into yellow amorphous cobaltic pentamininoflulphite, 
002(803)3.5NH3.7H2O ; K. A. Hofmann and A. Jenny prepared cobaltic hexam- 
minosulphite, €02(803)3.6NH3.3H2O, by passing sulphur dioxide into a filtered 
ammoniacal soln. of cobalt acetate which had been exposed to air for 72 hrs. The 
dark brown rhombic prisms are sparingly soluble in water ; and give a deep violet 
colour with sulphuric acid, K. A. Hofmann and S. Reinsch obtained cobaltic 
enneamminosulphite, Co2(S03)3.9NH3.3H20, by passing sulphur dioxide through 
an ammoniacal soln, of cobalt acetate which has been exposed to air for 2 or 3 days. 
The brownish-yellow, birefringent needles are soluble in water. P. Ray and 
B. K. Goswami obtained col^t peutitaeimealanir^^ 5C0SO3.9N2H4. 

fiH20, by dropping a soln. of cobalt hydrosulphite into a dil soln. of hydrazine 
hydrate, washing the voluminous, white precipitate with alcohol, and drying it in 
vacuo over suli)huric acid. The crystalline salt is neutral towards litmus; it is 
soluble in cold water, and decomposed by boiling water. By mixing an excess of a 
cone, soln. of hydrazine hydrate with a soln. of cobalt hydrosulphite, a voluminous, 
flesh-coloured precipitate of cobalt dihydrazinosiilphite, C0SO3.2N2H4.H2O, is 
formed. The water is not all expelled at 110 °, and the salt decomposes at 125 ° ; 
it reacts alkaline towards litmus, and is decomposed by boiling water. If the pentita- 
enneahydrazinosulphite is suspended in water and treated with sulphur dioxide, and 
yellow soln. slowly evaporated on a water-bath, crystals of cobalt hcniihydraaillO- 
sttlpbite, 2C08O3.N2H4.3H2O, are formed. These can be washed with alcohol, 
and dried over sulphuric acid in vacuo. The water is not all expelled at 110° ; the 
salt is neutral toward litmus ; and the salt is not decomposed by boiling water. If 
the dihydrazinosulphite is suspended in water and treated with sulphur dioxide, 
and alcohol is added to the Altered soln., reddish crystals of cobalt dihydvai 
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hydrosulphite, ('o(H803)2.2NoH4.2H20, arc formed, The salt is very soluble in 
water, forming a pale red soln.; it is not eonijdetely dehydrated at 120° ; it is not 
decomposed by dissolution iii boiling w^ter ; and it dissolves in dil. aq. ammonia, 
forming a soln. whieh is not decomposed by boiling. If cobalt dihydrazinosulphite 
be suspended in water, and treated with sulphur dioxide, and alcohol be added to 
the filtered liquid, a red precipitate of cobalt hydra^inohydrosulphite, 

(^0(11803)2.N2H4.pi2C^5 formed. The salt reacts acidic towards litmus ; it is 
not decomposed by boiling with water ; it is slightly soluble in sulphurous arid, and 
in dil. aq. ammonia. The yellow, ammoniacal soln. is not decomposed when 
boiled. 

A. (b^uther, and W. Schultze prepared impure potassium cobaltic sulphite, 
lv2H0e.Co2(S03)3, or KCo(S()3)2. by the action of a warm soln. of potassium sulphite 
on cobaltic hydroxide. The ])ale brown product is sparingly soluble in water, and 
fre(*ly soliibhi in sulphurous or hydrochloric acid. The salt blackens in air, ami 
cannot be dried without decomposition. It is also changed by washing with 
water. The corresponding sodium cobaltic sulphite, Na2Co2(S03)2, was obtained 
by W. Schultze in an analogous way. F. L. Hahn also prepar(‘d what he called 
sodium trisulphitocobaltate—prcsumably Na2[Co(S03)3]. H. Berghmd reported 
a complex salt, (NH4)2S03.2CoS03.(\)2(S()3)3.14H20, to be formed in yellow 
crystals by saturating with sulphur dioxide an ammoniacal soln. of cobalt chloride* 
or acetate oxidized by exposure to air. The compound can be regarded as cobaltous 
ammonium hezasulphitodicobaltate, the cobalt salt of hexasulpUtodicobaltic acid, 
H6[^^02{S03)6], or H3[ro(S03)8]. By treating the soln. of this compound in dil. 
nitric or hydrochloric acid, with alkali hydroxide, nitrate, ace^tate. etc. voluminous, 
insoluble precipitates were obtained representing ammonium cobaltous heza- 
sulphitocobaltate, (NH4)4Co[Co2(803)6].8H20 ; potassium cobaltous hexasulphito- 
dicobaltate, K4Co[CV)2(S03)6]; silver hezasulphitodicobaltate, Ag6[^'o2(^^C)3)6J 
silver cobaltous bezasulphit(^cobaltate, Ag4Co[Oo2(S03)o]; calcium hexasulphi- 
todicobaltate, Ca3[Co2(SO3)0]; barium hezasulpbit^cobaltate, Ba3[Co2(S03)oJ; 
and bismuth hezasulphitodicobaltate, Bi2[C'o2(803)e]^ 

G. \'ortrnami and G. Magdeburg piepared ammonium cobaltic tetramminodisuipbite, 
NH4Co(NH3)*(N03)2.2HaO, in gmall yellow needles; cobaltosic octammlDopentasulphite, 
CojCo"'j(NH3)a(iS()3).,24HaO, aa a yellow crystalline powder; ammonium CObaltic totram- 
minotrisulphite, Co(NH3)4(NH4SC),),.5HaO, in yellowish-brown needles; barium cobaltic 
octamminohexasuiphite, BaaCoj(NH,),(S03)4.7H20, in golden-yellow scales; ammonium 
barium cobaltic octamminobexasulpbite, (NH4)2Ba2Co2(NH3),(80a)3.7HaO, in golden- 
yellow scales; and dodecahydraled cobaltlc tetramminotrisulpbite, Co2(NH,)4(SOj)j.l2H20, 
in orange crystals, also described by A. Werner and H. Griiger, and A. Werner and A. Klein, 
Similarly also with the octodecahydrafe. G. Vortmami and G. Magdeburg also prepared 
cobaltic decamminotrisulphlte, Co2(NH,)2o(S03),.4H20, as a reddish-yellow crystalline 
powder; sodlum cobaltic pentammlnotrisulpbitc, Co(NH2)s(KaS0,)3.H20, in light brown 
crystals; eobalUc pcntamminotrlsulpbitc, Co2(NHa)5(SOa)3.4H,0, as a brownish-yellow 
powder; cobaltic tctrammittoobiorosulphite, C!o(NH,)4(S03)C1.2H20, in dark brown 
crystals; cobaitio sulpbitopcntamminooblortdc, 0o(NH,)((SO3)Cl, as a brown crystcdline 
powder ; and cobaltic hexamminooblorosulpbite, Co(NH8)4Cl(SO,).3H,0, in yellow needles. 

C. Kilnzel found that a cone. soln. of cobaltic chloropenfamminochloride in dil. 
ammonia, mixed with ammonium hydrosulphite until the liquor smells neither of 
ammonia nor sulphur dioxide, passes from a red to a dark yellow colour, and deposits 
yellow needles of cobaltic hezaininmotrisiilphite, [Co(NH 3 )e}[Co(S 03 ) 3 ].H 20 . 
A. Geuther obtained it from cobaltic hydroxide and ammonium sulphite. It was. 
also prepared by K. A. Hofmann and A. Jenny along with aquodisulphitotriammino> 
cobaltic acid. The salt is insoluble in cold water, and is slowly decomposed by 
boiling water; aq. ammonia has no action in the cold, but when boiled a yellow 
soln. is slowly formed; and hot soda-lye gives a black precipitate of cobaltic 
hydroxide. If a very large proportion of ammonium sulphite is used in the 
preparation, the soln, slowly deposits brown octahedral crystals of cobaltic bis- 
heirainminoeiincagalphite, [Co(NH5)j2(SOg)3.2Co2(S08)3.15H20, which acquire a 
yellow pulverulent film on exposure to air. It is very sparingly soluble in water. 
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(i. \\)rtniaim and G. Magdebur<]' obtainod yt*llnw ii<‘(‘dIos of CObaltic hexainmino- 
chlorosulphite, [Co(NH3)6]Gl(S03).3lU(), bv passin^^ sul|»luir dioxido ijito a hot soln. 
of tlu‘ hoxainminocldoride in dil. annnonia, and allowinu tlio li(^uid to stand for 
12 lirs. Tt >vas also Jiiad(‘ by hoilnn; ojrr* part of tlir h(‘xannnir)nc‘li]orid(‘ in a 
soln. of 3 [»arts of aniinoniuiu su][)hit(‘, and coolinsi tin* ]i((uid. 

K. A. Hofmann and S. Rc insch olrtainnd eobaltic aquopentamminotrisulphite, 
f('o(Nll3)5ll20]2(S03)3.HoO, in Irrownisli-ynllow, nioiioolinic jrlates, along with 
sparingly soluble ammoniniu atjuotetriimininosuljrhite, by digesting eobaltic 
carbonatotctraniminocliloride, or eobaltic aqiio}>ontanunino(‘liioride, wit li an ammo- 
niacal soln. of ammonium sulphite, and ]m*cipitating A\ith alcohol. 1 he salt 
fortus with fuming hydrochloric acid a brownish-vt'llow soln., then a r(‘d crystalline 
])Owder and violet soln. , and with cone, suljrhuric acid, a rub\ -re(l soln. is 
formed. The same salt was made by (b Wrrtmann and G. Magdeburg; and it 
may be the same as A, Werner and H. GriigcT's siilj)hitopentamminosulphit(. 
G. Vortmann and G. ^lagdeluug also reported sodium cobaltic aquopentammina* 
trisulphite, [(\)(NH3)5H^()](NaS()3)3, to bt* formed by the action of sodium hydro- 
sulphite soln. on an ammoniacal soln. of cobaltic a(|uo])entamminotrichloride, and 
precipitation with alcohol. It may be A. W<*rner and H. Cirug(T’s sulphitopentam- 
niine. G. Vortmann and G. Magdeburg added sulphurous acid to an ammoniacal 
soln. of cobalt and amm(»nium chloride wliich had been standing for a long tim(% and 
obtained a brownish-yellow pnxijritate of cobaltic aquopentamminotrisuljihite, 
[Go(NH3)5H20]{('o(S 63)3}.1H2G. G. Ivunzel obtained it by passing sulphur dioxide 
through a dil., ammoniacal soln. of cobaltic chloropentamminochloride : or ol 
cobaltic hexamminotrisulphitc, and A. Geuther, by dissolving cobaltic hydroxide 
in a cone., neutral soln. of ammonium sulphite. The brown salt is insolubh* in 
cold water, is deconqiosed by hot water ; nitric acid yields nitroUwS fumes ; and 
ammonia gives the corres])oiuling hi'xammine. E. Hesse also examined this salt. 
A. Werner and H, (h-ug(*r j^repared a seri(*s of CObaltic SUlphitopentammines, 
[Co(NH 3)5803)X ; thus, cobalticsulphitopentamminosulphite, [^'<>(^^1^3)580312803. 
2H2O, was obtained by adding 10-12 grms. of sodium hydrusulphite to 5 (X) e.e. of a 
soln. prepared by {lassing air for 7 -<s hrs. through a mixture of 20 grms. of cobalt 
carbonate in dil, hydrochloric acid, OiO grms. of ammonium carbonate, 500 grms. of 
water, and 250 grins, cone. aq. arumoma. In 2 or 3 days, crystals of disul])hito- 
tetrarnmiiKi are deposited, and in anotln'r 3 days, browm tablets of the sulphito- 
pentammine appear. E. H. Riesenhdd and W. }h*trich also prepared this salt. By 
treating this sulphite with the theoretical quantity of cone, hydrochloric acid, and 
adding alcohol, cobaltic sulphitopentamminochloride, [Go(NH3)5S()3]Cl, is formed; 
it is .stable when dry, but unstable in aq. soln., if the sulphitopentamminosulphide 
be treated with cone, hydrochloric acid, and w^ashed with absolute alcohol, cobaltic 
sulphitopentamminohydrodicW [Co(NH3)5S03lCl.HCl, is formed as a carmine- 
red, crystalline powder, which, in damp air, quickly passes into the chloride. In 
an analogous way, cobaltic sidphitopentamminobromide, [Co(NH3)5S03]Br, is 
obtained in brownish-red crystals: and CObaltic 

[Co(NH 3)5S02]N03, in brown crystals. P. K. Ray prepared cob&ltio SUlphlto-* 
pentamminothiosulphate, o(Nli.),d803)].2H203, as indicated in connection witli 
the thiosulphate ; and on adding alcohol to a soln. of this salt in 5 per cent, soda-lye, 
cobaltic hydroxysulphitototraminine, [Go(NH3)4(OH)(SO,)].2H20, was precipiuted, 
K. A. Hofmann and Reinsch obtain<’d the trihydrate —vide By adding 

alcohol to the yellow soln. obtaim‘d by treating the chloride with sodium hydro¬ 
sulphite, yellow leaflets of sodium^ cobaltic salphitopentamimimt]^ 
[Co(NH3),803]2803.2Na2S03,H30, are formed. 

K. A. Hofmann and S. R<‘inseh ])repared a series of a^UOfiuIpMtototranuo^ 

fCo(NH3)4H20(S03)]X; thus, cobaltic aQuosidpldtotetraiiiiiuiio^ 

1Co(NH 3)4H20(S()3)]0H.2H20, is formed when cobaltic aquopentamminosulphite 
or cobaltic aquoenneamminosulphite is treated for two days with a soln. of ammo¬ 
nium thiocyanate. Yellow tetragonal plates of cobaltic 
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thiocyanate* [Co(NH3)4H20(SO;j)|CyS.Ho(), have also been prepared, and wlien this 
compound is shalcen with silver oxide and water, it is converted into cobaltic 
aquosulphitotetramminohydroxide, (Co(NH:d4H2()(S03)|0H.2H20, which is pre¬ 
cipitated by adding alcoliol to the filtered liquid. The reddish-yellow, micro- 
(Tystalline mass is sparingly soluble in water. Hydrochloric acid converts it into the 
dichlorotetramininochloride ; and with sulphuric acid, it becomes rose-red. A soln. 
of potassium cyanide converts the hydroxide into th(‘ cobaltic aquosulphito- 
tetramminocyanide* (Co(NH3)4H20(S03)lCy.H20. When cobaltic aquoennearn- 
ininosulphite is treated with a soln. of sodium nitrite and ammonium chloride, or 
acetic acid, it furnishes cobaltic nitritosulphitotetrammine, l('o(Nll3)4N02(B()3)|, 
as a yellow, crystalline powder, which is converted ))y hydrochloric acid into the 
praseo-chloride. 

There are two series of disulphitotetrammines* the cis and the iians. 
A. Werner and H. Griiger ]>repared ammonium cm disulphitotctramminocobaltate* 
NH4[CV)(NH3)4(^^03)o].3Hj> 0, by adding a large exc<‘ss of ammonium hydrosulphite 
to the oxidize*I soln. used in the preparation of the cobaltic sul])]iito])entumimnes. 
It was also i]uuh‘ by K. A. Hofmann and A. Jenny, and K. A. Hofmann a7i(l 
S. Heinsch, })y the action of snlpliur dioxide, or of an ammoniacal soln. of ammonium 
sulfJiitr, on cobaltic carbonatotetramminochloride. The dark brown, bircfringenl, 
monoclinic crystals are frc(‘]y soluble in warm w’ater, decompose slowly in soln., 
and whm treated witli alkalies yi(dd the corresponding alkali sall.s wdtli evolution of 
ammonia ; thi» aq. soln. yields insuhible jirecipitates wdth the salts of the alkaline 
earths, mercury, silver, and gold. It dissolves in cone. snl])]mric ueid, with evoln- 
tioji of sul}>hur dioxide', and on adding hydrochloric* acid to the soln. the green 
])ras<‘()-salt is jirecijiitated. The salt affords no coloration witli ammoniacal sodium 
nitro])russide, and no ])reci})itatc with mercurous nitrate', but slowly gives a tloccn- 
h'lit ])r<‘cipitatc with thallium nitrate ; in aq. soln. it has half the normal mol. wt. 
and is ri'garded as dissociating into the ions NH4 and G()(NH3)4(803)2. The 
crystals have the axial ratios a:h : c '-()- 8 r >9 : 1 : 0 * 534 , and IIU 23 ' ; they <*an 
give off all their water without decom}K>sitioii. A. Werner and H. (iriiger prejiarc'd 
brcjwnisli-yellow Ic'aflets of ammonium lithium c f.s-disulphitotetramminocobaltate, 
2f('o(NHA)4(S03)o]Li(NH4)2S03, by treating the ammonium salt with lithium 
liydroxidc', in the absence of carbon dioxide ; the salt is soluble in water, but the 
sf»ln. (piickly dc'conqioses. Ammonium caesium m^disulphitotetrammino- 
CObaltate* [(’o(NH3)4(S03)2'lCs.2(NH4)2S()3.2H2(), was likewise obtained in dark 
lirowu aggregates of crystals. By treating with sodium sulphite tlu' oxidized soln. 
used ill preparing the ammonium salt, so^um ci>-disulphitotetramminocobaltate* 
Na[Co(NH3)4(803)2]/2H20, was obtained in golden-yellow, monocliiiic leaflets. The 
salt was also made by K. A. Hofmann and S. Reinsch, and K, A. Hofmann and 
A. Jenny. R. Klement prepared sodium cf^-disulphitodiethylenediamine* 
CObaltate* Na[(S03)2(k)(C2H4(NH2)2)2]-3H20. K. A. Hofmann and A. Jenny also 
prepared rhombic needles of the trihydrale by adding alcohol to a dil. soln. of th(‘ 
dihydrate. In aq. soln. the salt has half the normal mol, wt. A.Werner and H. Griiger 
prepared potassium ci^-disulphitotetramminocobaltate* K[0o(NH3)4(S03)2], in 
dark yellow needles; and rubidium cf^^-disulphitotetramminocobaitate* 
Rb[(’o(NH3)4(S03)2l.2H20, in pale brown needles. They also obtained as precipi¬ 
tates by adding a salt of the metal to a soln. of the ammonium salt, copper* silver, 
gold, barium, cadmium, and mercury disulphitotetramminocob^tates. The 
corresponding iron, and nickel disulplutotetramminooobaltates were very un¬ 
stable, and could not be isolated. K. A. Hofmann and S. Reinsch, and K. A. Hof¬ 
mann and A. Jennj^ prepared ammonium ^rans-disuIphitotetraiWinooobaltate 
NH4[Co(NH 3)4(S02)2]AH20, by crystallization from an aq. soln. of the cf^-salt. 
The reddish-yellow prisms are fairly stable in air, but rapidly effloresce in vacuo. 
Like the cis-salt, it is readily converted into the praseo-chloride, and behaves in a 
similar manner towards thallium nitrate, mercurous nitrate, and ammoniacal 
iiitroprussidc. These two isomeric salts cannot be regardetl as merely polymorphous 
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forms of one salt, as they give different colour reactions with sulphuric acid and ar« 
not converted into one another by recrystallization. E. HT liicsenfeld and 
\V, Petrich also prepared ammonium /m;/c<r-disulphitotetraminino<*ol)aItat<‘, hut 
t hev H'iiarded it as a dihydrato. They showed that when the c/.s’-salt is lieatt'd to 1 50 . 
i* forms ammonium ovi/wf-disulphitodiamminocobaltate, Nirjiro(N]lj)2(^^03):ij. 
li. 8ieo:ert, and K. Khiuent j^npared sodium disulphitodiamminocobaltato, 
Na[ro(Nll3)o{803)o]. T]u‘ya]so )>repared ammonium /ruuA'-disulphitodiethylene- 
diamminocobaltate, NH4|(\)(( 2H4(NHo)2).:{80;j)jJ; and ammonium imm- 
disulphitodipropylenediaminecobaltate, NHdf ; while K. Kle- 

ment prepared ammonium cv.s-disulphitoethylenediamine and the zm//** 
cobaltate, NH4[(803)2(;()((\.Tl4(NlL)o)(N]i3)2j.d}h_>(). K. A. llofniann and A. Jenny 
pre])ari d sodium /ro/z^^-disulphitotetraniminocobaltate, Na((’o(N 113)4(803)0]. 4 Hod, 
ill golden-yellow iKM'dles. whieli readily ellloresce, and lose all their watcT in vacuo. 
K. A. Hofmann and A. Jenny obtained cobaltic carbonatohydrosulphitotetram- 
mine, [Co(NHj)d003)HS03j, bv tin' action of sidjihurous acid on the corresponding 
cld<'>ride. It fonns violet-red prismatir* crystals which yield a violet-red soln. in 
wat(*r ; sulphuric acid hjrms a bluisli-rcd soln., and hydrochloric acid a violet soln. 
K. A. Hofmann and A. Jenny obtaim cl aquodisulphitothamminocobaltic acid, 
HI Co(NH3)3(H20)(8()3)2l.H2C, as a bv-pjoduet in the prc'fiuration of cobalt hexain 
ininotrisidphite. The dark brown, birefringent, six-sided plates anj sjjariiigly s< Juble 
in W’at(‘r, and give an amethyst colour wdth sul])huric acid. By passing sulphui 
dio.vide into an anunoniacal soln. of cobalt acetate which had bf'OJi expos(‘d foj 
72 hrs. ill air, dark lirow’ii rhondJc ]Jat<\‘^ of dihydrated SOdium aQUOdisulphitO- 
triamminocobaltate, Na[Cu(MH3)3(lioU)(S()3)2|.2H20, tvere obtained. Tlie salt 
is sparingly soluble in cold water, and easily solubli' in hot w’ater. K. A. Hofmann 
and S. Keinseh obtained a irihydrnie, and also a hexahydrale, 

iO. H. Kiesenfeld and W. Petrich jirepared ammonium trisulphitotriammino- 
cobaltate, (NH4)3[('0(^13)3(803)3], by dis.solving 10 grins, of cobaltou.s chloride in 
;>i) c.c, of 7 per cent. aq. ammonia , the greenish-black jm'cipitate was digested witli 
5 c.c. of 25 per cent. aq. ammonia ; the ice-cold filtrate sat. with sul])hur dioxide ; 
the filtrate evaporated to half it.s vol. under reduced pri'ss. at 40 - 50 "^; and tlie 
tiltrate in 3 days furnished reddish-brown jiri.^ms. They also prejiared ytJlow'isli- 
brovvn cobaltic trisulphitotriamminocobaltate, Po[Co(NH3)3(8()j)3]. 

K. A. Hofnmnii and A. Jenny report^l sodium cobaltic bexammlnohexasulphite, 

Xa2r<»3(8Oj)a.()Xlf3,0H2O, to bo formed by treating an oxidiaied anuuoaiaetil soln. of cobalt 
nceiato ■with BuliJiur dioxide, and adding to tJie filtrate sodium hydrosulphite, amt an 
exc4*f»i; of ammonia. Yellow platens of the salt apjjoar in about 24 brs. ; and vellow crystals 
of sodium cobaltic octamminohexasulphitc, Na/03pS()3)«.8NU3.(>H/>, are fonned by pasbing 
Milphur dioxide into an aminoma<‘aI soln. of cobalt tu etatf* oxidized by exposure to air, 
and boiling the pnH ipitate with an amrnonuuul soln, of sodium sulphite. K. A. Hofmann 
and S. Kein.‘«ch tidded cuprous chloride to an a(nriioni6u.'al sohn <»f arniuonium disulphito- 
tetramininwobaltatc, and obtained sraalf gm‘n crvstalH of coppor oobaltlo pontaminino- 
trlsulphite, CuCo2(S03)3.5NH3.H20. 

P. Berthier obtained a basic nickel sulphite, a8 a precipitate, by boiling a soln, of 
a nickel salt wdth potassium sulphite*. J. S. Muspratt obtained teirahydmted nickd 
sulphite, Ni803.4H20, by ])assiiig sulphur dioxide into water with nickelous 
hydroxide in suspeihsion until almost all has dissolved. The residue appeared as an 
apple-gmm, crystalline powder insoluble in water, and soluble in liydrochloric acid 
witli the evolution of sulphur dioxide. He also made it liy boiling the soln. obtained 
by pas.sing sulphur dioxidi* into water with nickelous carbonate in 8iibp(‘nsion ; 
and A. Rohrig, by rapidly evaporating u soln. of the hexahydratc at 150 ”. 
V. F. Ramnielsberg could hot prepare the tetrahydrate, but he obtained the hexa- 
hydrate, NiS03.6H20, in tetrahedral crystals, by t‘va}>oratmg a soln. of nickel 
hydroxide in sulphurous acid; J. S. Musjuatt also obtained this salt; and 
M. J. Fordos and A. Gelis made it by evaporating a soln, of the metal in sulphurous 
acid. A. Rohrig showed that th«'- h<xahy<lrate is obtained only from soln. at a 
temp- below' lOO'^. Wlien the salt is heateil, 0 . F. Raniniclsberg showi^d that the 
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salt molts, water escapes, and the residue solidifies and darkens in colour ; sulphur 
dioxide is then given off and a mixture of nickel oxide and sul]>}iido remains. The 
salt is insoluble in water, but soluble in sulphurous acid. F. l^ammelsberg 
prepared nickel triamminosulpbite, NiSO3.3NH3.3H2O, by treating with alcohol a 
sola, of nickel sulphite in aq. ammonia. The pale blue crystals decompose when 
heated giving a sublimate of ammonium sulphite. The salt forms a pale blue soln. 
with a little water, but the soln. becomes turbid if more water be present, or if the 
clear soln. be warmed. P. Ray and B. K. Goswami treated a soln. of nickel hydro- 
sulphite with a cone. soln. of hydrazine sulphite and obtained a rose-coloured 
powder of nickel tribydrazinosulphitey Ni8O3.3N2H4.H2O, as a granular, insoluble 
precipitate. It is alkaline towards litmus ; and becomes blue when treated witli 
water. It is neither dissolved, nor decomposed by boiling -water. It ivS decom- 
])Osed explosively by cone, nitric acid. With dil. hydrazine hydrate, a soln. of 
nickel hydrosulphite forms a pale blue precipitate of nickel dihydrazinosulphite» 
NiSO3.2N2H4.2H2O. The water is not expelled at lo0°, and it is deeomposed at 
liigher temp. It reacts alkaline towards litmus, and is not deeom]>osed by boiling 
water. If this salt is suspended in water, and treated with sul[>hur dioxide and 
filtered, and the greenish-yellow soln. he eva|)orated on a water ))ath, nickel tetrita* 
trih3rdrazinosulphite, 4NiSO4.3N2II4.7H2O, is formed. Th<* water is not all 
expelled at 155 ° ; the salt is neutral towards litmus ; it is not dissolved or decom¬ 
posed by boiling water. K. Seubert and M. El ten obtain(‘d nickel dihydroxy- 
disulphite, Ni(OH)2 .2NiS03.6H20, by mixing normal soln. of nickel sulphate and 
sodium sul})hite. F, L. Hahn and co-workers prepared ammonium nickel sulphite 
by tlie method they used for the ammonium copper salt. (J. CVinneri prepared 
thallous nickelous sulphite, Tl2Ni(S03)2. as a yellow, microcrystalline powder. 


ReFERKNC’ES. 

I A. Gorffou, CompL Berui., 94. 1425, 1882; 96. 341, 377, 1883 ; J. Meyer, Btr., 34. 3C0C, 
1901 ; 0. I>emg^8, Bull. Soc. Chim.^ (3), 7. 571, 1892; F, Heeren, Boffgr. 7. 55, 171, 182ti; 
C, r. KamnielfllK'rg, 67. 245, 1840; C. J. Koeno. 63. 444, 1844 ; Bull. Acad, Bdg.. (1), 
10. 52. 1843 ; (1), 11. 29. 1884 ; Liebig's Awn., 52. 225, 1844 ; 64. 241, 1847 ; J. F. John, Oekhn's 
Journ., 3. 452, 1807 ; 4. 436, 1807 ; Ann. Phil., 2. 172, 203, 1813 ; 3. 413. 1813 ; J. J. Berzelius, 
Schweigger's Journ., 7. 70, 1812; Ann. Chitn. Phys., (2), 6. 149, 1817; P. Berthier, %b., (2), 
50. 370. 1832 ; (3), 7. 78. 1843 ; C. L. Berthollet, ib., (2), 2. 58, 1816; J. S. MuBpratt, CkemL^t, 
4. 433. 1843 ; Metn. Chem. Soc., 3. 292, 1848 ; Phil. Mag., (3), 80. 414, 1847 ; Lubig's Ann . 
50. 268, 1844; A. Stromoyer, i6.. 109. 237, 1859; A. Rohrig, einiger aliercr Angabe 

ulmr schu’ffligmure Suhe, Lc'ipzig, 1888 ; Journ, prakl. Chem,, (2), 37. 241, 1888 ; A. Vogel, tV>., 
(1), 8. 102, 1830; A. Wachter, ib., (1), 30. 326, 1843 ; H. Bergliind, Bxdrag till kdnnedowen {ou 
siyjjvelayrlighlens Dubbelsalter och kopplade forentngar, Lund, 1872; Bull. Boc. Okim., (2). 21. 
213, 1873 ; Acta Vniv, Lund., 9. 8, 1872; Ber., 7. 469, 1874 ; A. Naumann, ib., 37. 4329. IIKM , 
K. Seubert and M. Klten, Zeii. anorg. Chem,, 4. 81. J803 ; P. Ray and B, K. Goswami, ib., 168. 
327, 1928; K. A. Hofmann. t6., 14. 282, 1897; F. L. Hahn, H. A. Meier,and H. Siv^vrt, »b., 
150. 126, 1926; M. J. Fonlos and A. G^Us, Journ. Pltarm. Chim., (3), 4. 333, 184.3, A. Gelis, 
Ann, Chim. Phys,, (3), 65. 222, 1862; H. C. H. Carpenter, Joum. Chem. ifoc., 81. 1, 1902; 
H. Debus, ib,, 278, 1888 ; H. J. Buignet, Compt. Rend., 49. 587, 1859 ; A. Guerout, ib., 75. 
1276, 1872; W. E. Henderson and H, B. Woiser, Joum, Amer, Chem, Sc*c., 35. 239, 1913; 
G. Canneri, Cazz. Chim. Jtal., 58. i, 182, 1923. 

* J. S. Musprafct, Chemist, 4. 433, 1843 ; Mem, Chem, 8oc., 3. 292, 1848 ; Phil, Mag., (3;, 30. 
414, 1847 ; Lieb^'s Ann., 60. 268, 1844 ; A. Geuther, ib., 128. 137, 1863 ; E. Hesse. ,6., 122. 224, 
1862; A. Rohrig, Revision einiger dlferer Angabe uber schweftigsatire Snlzc, I-»eipzig, 1888; 
Joum. prakt. Chem., [2), 87. 241, 1888 ; C. Kiinze], ib., (1), 72. 209, 1857 ; H, Bcrglund, Bidrag 
till kdnnedomen ont smfvelsyrlighelensdubhdsalter och kopplade fon ningat, Lund, 1872 ; Acta Unn 
Lund, 9. 8, 1872; B^r,, 7. 409, 1874; G. Vortniann and G. !MAgdebnrg, ib., 29. 2030, 1889; 
K. A. Hofmann and A. Jenny, ib., 34. 3855, 1901 ; K. A. Hofmann and S. Reinsch, Ztcit. anorg. 
Chem., 16. 377. 1898; E. H. Hiestmfeld and W. Petrieh, ib., 182. 99, 1924 ; Meild. Nobel Imi., 
6. 6, 1925 ; E. H. Hiesenfeld and K. Klemenl, Zett, anorg. Chem., 124. L 1922 ; R. Kiement, ib., 
150. 117, 1926 ; P. Ray and B. K. Goswami, ib., 168. 330, 1928 ; K. Seubert and M. Elten, ib., 
4. 81, 1893 ; A. Werucr and H. Griigor, ib., 16. 308, 1898 ; A, Werner and A. Klein, ib,, 14. 41, 
1897 ; F. L. Hahn, ib., 144. 117, 1925 ; 160, 126, 1026 ; S. M. JOrgensen, ih., 19. 110, 1899 ; 

F, Kamin« l»l»erg, Pogg. Ann., 67. 391, 1846 : G. Cannen, Gazz. Chim. Pal., 63. i, 182, 1923 , 
J. Mai and M. Silbcrlierg, Chem. Ztg., 27. 1.3, 15 H )3 ; P. Berthier, Ant#. Chim. Phys.. r2), 25. 91, 
1821 ; (2). 50. 370, 1832 ; (3), 7. 78. 1843 ; VV. Sohultze, Ji mi ZtH., 1. 428, 1801; H. A. Meiei, 



320 


INORGANIC AND THEORETICAL CHEMISTRY 


Ueber Suljito^ und Sehnito-Salze, Frankfurt a. Main, 62, 1923 ; H. HiegeH, Svlfiioaahr 
dreticertigen KobaU, Frankfurt a. Main, 1923; F. L. Hahn, H. A, Meier, and H. Siegert, Zed. 
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§ 25. The £lulphites of the Platinum Metals 

According to J. W, Ddberciiicrd platinous oxide dissolves freely in suljdiiirons 
acid, and the colourless soln., prepared out of contact with air, contains neither 
sulphates nor sulphides. A. Litton and G. H. E. Schnedermann observed that a 
wsoln. of this salt is formed when siil])hur dif)xide is passed into water with jdatinous 
oxide in suspension. J. W. Ddbereiner found that on evaporating the soln., a 
gummy mass is juoduced which was regarded as a platinic sulphite, l)ut whicli was 
showm by L. Gmelin to ]»e more probably pifttinous sulphite^ PtS()3. At 
a red-heat, the colourless .salt furni.siies sulphuric acid and jdatinum ; it dissolves 
easily in water and alcohol ; it is not decomposed by hydrochloric or sulphuric acid ; 
the aq. soln. becomes brownish-red with stannous chloride, and gives off sulphur 
dioxide ; the aq. soln. wdth auric chloride precipitate's gold, and forms sulphuric 
acid and platinum tetrachloride ; and it forms stable, and insoluble colourless 
complex salts with various suljihitcs. V. Birnbauni obtained a green, gummy 
mass of what he regardetl as platinous hydrosulphite, Ft(n803)2, by treating the 
alkali platinous salt wdth potassium fiuosilicate, and evaporating tlu' liquid ; he also 
obtained an unstable soln. of platinic sulphite, rt(S03).2, by passing sulphur 
dioxide into water wdth platinic oxide in suspension. The dark brown soln. wdiieh 
is produced contains no sulphate ; and if treated wdth an excess of sulphur dioxide, 
or allow^ed to stand out of contact wuth air, it forms platinous sulphate. 

P. T. rievc' prepan'd a scries of what he called pJatosannnino.^nl'phitvSy repre¬ 
sented by platinous ^m/^<f-sulphitodiainmine, fPt(N 113)0803 l-flMCb which he 
obtained by passing sulphur dioxide through a boiling soln. of platinous 
nitritodiammine ; evaporating the liquid on water-bath ; adding alcoiiol; washing 
the precipitate with alcohol; dissolving in water ; evaporating slowly for crystal¬ 
lization ; and drying at KXP, The colourless ju'cdles are soluble in water; 
and only after treatment with chlorine-water does the soln. give a pr(*(‘i]jitat(' with 
barium chloride, 8. G. Hedin reported trielinic ]>lates of complex salts w itli pyridine, 
[Pt/Ml4(NH.doS03][Pt((VH5N).,S03].8HoO ; and [Pt(C5H5N)2(HS()3)2].2JH20, the 
complexes [Pt((’6H5.NHo)2(HS03)2]; Ba803[Pt(GeH5NlLd2S03l; BaO.BaSOn- 
[Pt(06H5NH2)2S03]: and Ag2S03[Pt{C6H5NH2)2S03]. P. f. Clevi* made platinous 
;/a/i^-chiorohyibo^phitodiaininm [Pt(NH3)2(HS03)Cl!, in white needles, by 
evaporating a soln. of platinous dichlorodiamrnine sat. with sulphur dioxide ; 
M. Peyrone, and P. T. Clevi', platinous /myi.^chlorammoniosulpMtodiammine, 
[Pt(NH3)2(NH4S03)Cl],H20, in colourless rhombic plates, by boiling a soln. of platin¬ 
ous dichlorodiamrnine with an excess of ammonium sulphite. M. Peyrone obtained 
ammonium platinous fra^^-sulphitodiaminmosalphite, (NIl4)2S03fPt(NH3)2S03], 
by the action of an excess of ammonium sulphite on platinousfmn^-dichlorodiammine; 
and P. T. Cleve. by adding alcohol to a soln. of platinous fran.^-dichlorodiainmine and 
ammonium sulphite. The colourh'ss, rhombic scales are soluble in w^ter, and when 
oxidized with aqua regia furnish yellow octahedra of platinicffan^-tetrachJorodiam- 
mine. W. Haberland and G. Hanekop obtained sodium platinous /ran^-sulphito** 
diamminosnlphite, Na2803[Pt(NH3)2S03].5JH20, by saturating a soln. of hydro- 
chloroplatinic acid with sulphur dioxide; neutralizing the liquid with sodium 
carbonate ; dissolving the white precipitate in hydrochloric acid ; and adding an 
excess of ammonia to the acidic liquid. The colourless, rhombic crystals have, 
according to S. L. Tornquist, the axial ratios a:b: c-- 0*8731 :1 : 1*4456 ; and have 
a negative double refraction. W. Haberland and G. Hanekop said that when 
heati'd to 100°, 3 i rnols. of water are expelled along with some ammonia and sulphur 
dioxide ; at 135 °, 5 mols. of water are expelled and the salt decom2>oses; and at a 
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higher temp., it leaves a residue of sodium sulphate ami platinum. 100 c.c. of water 
at 20 ^ dissolve 5*37 grms. of salt. Sulphuric acid decomposes the salt giving oft 
sulphur dioxide ; and boiling potash-lye develops ammonia. P. T. Clove prepared 
cupric platinous /r(/n<s-sulphitoddamminosulphite, CuB03[Pt(NH3)2S03].5n20, 
in bluish-gr(‘eii crystalH, sj)aringly soluble in water; silver platinous 
sulphitodiainminosulphite, as a snow-wliite ])owder; 

barium platinous imus sulphito^amminosulphite, BaS03[Pt(NH3)28C3J 3H2U, 
in colourless ikmhUcs ; zinc platinous / ra M.s-sulphitodia ni nii n osulphite» ZnSO^- 
[Pi(NH3)2S03].bH20, in small plates or prisms; lead platinous /mws’-sulphito- 
diamminosulphite, PbBOiJ Pt(NH3)2S03].H20, as a white crystalline ])owder ; 
uranyl platinous sulpUtodiamminosulpM r02B03[Pt(NH2)2S03].H20, 
as a yellow crystalline ]>owdor which becomes anhydrous at 100^; manganous 
platinous /rnri^-sulphitodiamminosulphite, Mn»S03[Pt(NH3)2S03].41l20, as a white 
pow'der consisting of prismatic crystals ; cob^tous platinous ^mMs-sulplutO- 
diamminosulphite, (\)8()3(Pt(Nn3)2S03j.6H20, in rose-coloured crystals; and 
nickel platinous ^ruiey-suiphitodiamminosulphite, NiS03[Pt{NH3)2S03].7H20, in 
bluish or greenish microseo))ie plates. 

P. T. Cleve ])repared ammonium platinous ci^r-sulphitodiamminosulphite, 

2{NH4)280..,[Pt{NH3).,B()a), by adding alcohol to a soln. of cw-dichlorodiamnurie 
containing aji cxccsa of ammonium sulphite. The colourless, four-sided needles are 
soluble in water. Sodium platinous e^v-sulphitodia mm inosulphite» Na2S03- 
fPt(N 113)2803].41120, was prepared as in the case of the tmws-salt. Similarly with 
silver platinous cr6-sulphitodiamminosulphite, 2Ag2S03[Pt(NH3)2S03]; barium 
platinous r/,s sulphitodiamminosulphite, 2BaS03[Pt(NHs)2S03]; and colourless 
prisms or j)la t os of platinousc/5-chlorohydrosulpliatodi amm i n e> [ Pt (NH^lolHSOs)^!], 
l>y the action of sulphur dioxide on a soln. of the ci5-dichloro- or tetrachloro- 
diammine ; !M. Peyrone, %vhite needles of ammonium platuiOUS c«5-chloroammmo- 
SttlpMtodiaznminosulphite, (NH4)2S03[Pt(NH3)2(NH4S03)Cl].|H20, by boiling a 
soln. of ammonium sulphite with an excess of the c?6'-dichlorodiamniine ; and 
P. T. Clev(*, ammonium platinous ct.9-ammoniumchlorosulphitodia mm i n osulpbite, 
(Nn4)2803[Pt{NH3)2803]tPl(NIl3)2(NH4S0a)C1j.2ll20, in colourless needles easily 
soluble in water, by boiling a mixed soln. of ammonium platinous cis-sulpluto- 
diammiiiosiilphite with an excess of platinous c/^-dichlorodiammine, and adding 
alcohol to the filtrate from the cold soln. 

V. Birnbaum prepartMl platinous tetramminosulphite, li^t(NH3)4]803, by warm¬ 
ing a dil. soln. of ammonium platinous trichlorohvdrosulphite, with ammonia . 
2NH4Cl.Pt(HS03)CH-5NH3=::3NH4Cl+[Pt(NH3)4lS03. The white precipitate 
forms long needles on standing in water ; but D. Stromholm said that what apiK’ars 
to be the same compound w'as obtained as platinous triamnunosi^phltc, 
PtS03(NH3)3, by the action of anmionia on a warm soln. of ammonium trichloro- 
sulphonate. When its hydrochloric acid soln. is oxidized with chromic acid, 
platinous /mii^-diamminodichloride, Pt(NH3)2Cl2, is formed. P. T. Cleve made 
platinous tetramminobishydrosulphite, [Pt(NH3)4](HS03)2.2H20, m colourless 
octahfidra or prisms, by mixing soln. of platinic dichlorotetramminodinitrate with 
sulphurous acid; but D. Strdmbohn said that the compound is really plaumc 
tetramminodisulphite, Pt(NH3)4(SOo)2.2HoO. When oxidized by chromic acid, 
the oxygen is consumed chiefly in oxidizing the sulphite to vsulphatc. When boiled 
with water, or heated witli acids, platinous tetramminosulphate is formed, the 
quadrivalent platinum being reduced by half the sulphurous acid, which becomes 
oxidized to sulphuric acid, whilst the other half of the sulphurous acid escapes. 
The same reaction takes place incompletely when the salt is heated. ' 

and M. Peyrone made dihydrated piat^ous tetranmunodisulphite* 3 [Pt(NH 3 ) 4 ]S^ 8 . 
PtS08.2H20, in thin needles, by mixing platinous tetramminodichlonde with a hot, 
cone. soln. of sodium hydrosulphite. By working with a cold soln., M. 
made the ielrahydrale; and 0 . Carlgren and P. T. Cleve obtained it, m four-side 
prisms, by the action of hot sulphurous acid on the complex iodoamminonitrate. 

VOL, X. ^ 
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T. Clove, and M. Peyroiie aLso^projmred platinous tetramminodihydrotrisulphite, 

2[Pt(NH;d4](HS03)2.PtS03, by the action of ammonium sulphite on plathious 
totramrninoplatinic chloride. 

J. von Liebig obtained ammonium platinous disulphite, (NH4)2S03.PtS03.Il20, 
by adding alcohol to a soln. of hydrochloroplatinic acid neutralized with ammonia, 
and saturating with sulphur dioxide; washing the precipitate with alcohol; and 
drying over sulphuric acid. The white crystals were found by C. Birnbaum to lose 
'Water at 110®. The crystals form a colourhvss soln. with water. The soln. gives 
a white precipitate with silver nitrate, and no precipitate with potash-lye, or 
alkali hydroxide unless mixed with hydrocldoric acid. The diammines are 
described above. P. T. Cleve jirepared ammonium platinous tetrasulphite, 
^(^^4)2803.1^1803, by evaporating a mixed soln. of platinous chloride and 
ammonium sulphite in the presence of aniliin*; and by J. Lang, by treating 
ammonium chloroplatinite with ammonium sulphite, washing the precipitate witli 
cold water. The colourless needles are slightly soluble in cold water, and more 
soluble in hot water; when treated with sodium carbonate, ammonia is evolved. 
C. Birnbaum prepared the inhydrate, 3(Nil4)2803.PtS03.3H20, by the action of 
sulpliur dioxide on a soln. of ammonium sulphite in which hydrat(‘d platinie oxide 
is suspended, neutralizing the soln. with ammonia, evaporating, and drying over 
sulphuric acid. 

A. Litton and G. H. E. 8chned(Tmann, and C. Birnbaum pre2)ared sodium 
platinous disulphite, Na2SO3.Pt8O3.H2O, by evaj>orating a soln. of the tetra- 
sulphite in dil. sulphuric or hydrochloric acid, washing tlie product with a little 
water, and drying at 100®. The yellow powder is sparingly s(»hible in water, 
and the soln. gives no precipitate with sodium chloride. A. Litton anci 
G. H, E. Schned(Tmanri treated platinous sulphite, and J. Lang, and C. Birnbaum, 
potassium sulphitoplatinite, with sodium carboiiat<‘, and dried tin* product over 
sulphuric acid. A, Litton and G, H. E. Schnederrnann add(‘d sodium carbonate 
to a soln. of hydrochloroplatinic acid, sat. with sulphur dioxide, and dri(‘d at 200® 
the washed precipitate ; P. T. Cleve boiled soln. of platinous diclilorodiammiiie with 
sodium sulphite; E. von Meyer saturated a soln. of platinum dichlorofulminate 
with sulphur dioxide, neutralized it with sodium carbonate, and dried the ]i>roduct 
at 100®; and C. Kudelius treated -platinous dichlorodisulphopropylamine. 
with sodium sulphite. The white powder has a yellow tinge, and consists of minute 
needles ; C. Birnbaum represented the salt as a heptahydrate ; J. Lang, P. T. Cleve, 
E. von Meyer, and C, Iludelius, as a liemitrihydrate; and 8. Tyden regarded the 
product he obtained from sodium Hiilj)hitc and sodium platinous dithiodiglycollate 
as a dihydrate. C. Birnbaum’s h(*])tahydrate lost mols. of water at 100®, and at 
180^ all the water is given off. J. Lang found that decomposition starts at about 
210 . The salt was found by A. Litton and G. H. E. Schnederrnann to be sparingly 
soluble in cold waU'r; more soluble in hot water; insoluble in a soln. of sodium 
chloride, and in alcohol. The aq. soln. is decomposed by chlorine ; acids dissolve 
the salt with the evolution of sulphur dioxide ; hydrogen sulphide, and ammonium 
sulphide give no precipitate with the aq. soln. until an acid has been added, when 
platimc sulphide is precipitated ; sodium, ammonium, and barium chlorides give 
a white precipitate, so also does silver nitrate ; ammonia precipitate s a tetramminc 
from the soln. in hydrochloric acid; sulphuric acid forms sodium and platinous 
sulphates ; potassium cyanide forms a cyanoplatinite ; and boiling alkali-lyc does 
not decompose a soln. of the salt. 

J. Lang prepared potass^ pbUmoos tetrasiilphite, aKgSOa.FtSOs.lJHgO, in 
colourless or pale yellow, six-sided prisms, by cooling a hot soln. of jxitassium 
chloroplatinite and |K>tas8iuin hydrosulphitc. The salt is dried in vacuo or over 
sulphuric acid ; it is sparingly soluble in cold water, and freely soluble in hot watei; 
the soln. has a neutral reaction; ammonia gives a white precipitate which dis* 
appears on shaking; potassium hydroxide or carbonate glides no precipitate; 
sodium carbonate precipitates the sodium salt; dil. soln. of ammonium carbonate, 
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and hydrogen sulphide give no precipitate ; animonium sulphide witli a l)oilii)g soIj)., 
and after the addition of hydrochloric acid, gives a black })r(‘cipitate ; Jj^’dro- 
chloric acid very slowly decomposes the warm soln., giving oil suipliur dioxide ; 
and mercurous nitrate gives a yellowish-green precipitate. C. Birnbauni obtained 
the dihydratc, which is probably the same as the alleged hemitrihydrate, from the 
sola, obtained by passing sulphur dioxide into an a(j. soln. of polasbium sul])hite in 
which hydrated platinic oxid<' is suspended. 1’iic liquid is neutralized with 
])0tas8ium carbonate and evaporated; the crystals are dri<‘d oxer sidpliune a id. 
8. Tyden obtained a tetrahydralr, K6pt{803)4.4H.20, by tlie action of ))ola'>uun 
carbonate and pyrosulphite on }>latinous ditliioglycollate. V. Claus obtained 
potassium platinous deeasulphite, GK.^O.2PtO.l0.SO2.5H2O, from a boilm- .soln. 
of potassium chloroplatinate and jiotassium sulphite ; but J. Lang could not 
verify this result. For copper platinous diamrninosulphite, vide svpra, the 
diammines. J. Lang prepared silver platinous tetrasuljihite, SAgoSO^.PlSO',, by 
treating the jmtassiurn salt with silver nitrate. The white salt ]>lack<‘jis in light, 
and is soluble in aq. ammonia—for the diammines, vide supra. 

C. Birnbauni obtained ammonium platinous ^chlorodisulphite, (NJl4)4ptCl2' 
(803)2, in coloujrless prisms, from the action of a soln. of ammonium hydrosulphite on 
ammonium chloroplatinite or ammonium platinous trichlorohydrosulphite ; ( Birn¬ 
bauni, and P. Schottlander, ammonium platinous trichlorohydrosulphite, 2NH4CI. 
Pt(HS03)(3, in orange-yellow needles, from a soln. of ammonium chlon.platinite in 
warm cone, sulphurous acid; and C. Birnbauni, ammonium platinous chlorodisul- 
phite, (NH4)2S03.(NH4)Pt(S03)CL3H20, in pale yellow monoclinic crystals, liom a 
soln. of ammonium chloroplatinite in a cone. soln. of ammonium suljihite. The 
ammines of the chlorosulphites have been already discussed. E. A. Hadow reportial 
platinous diammins pentachlorosulphite, 2fPt(NH3)2Cl2jPtS03.Pt(32 C'. Birn- 
baum made potassium platinous trichlorosidphite, 2KCl.KPt(803)Cr, in oiang< - 
yellow crystals, from a soln, of potassium chloroplatinate in warm, cone, sulphurous 
acid ; ammonium potassium platinous chlorodisulphite, (NH4)KS03.KPt(803) 
CI.3H2O, in co]ourh‘S8 prisms, from a warm soln. of ammonium chloroplatinite, 
ammonium hydrosulphite, neutralized with potassium carbonate ; and ammonium 
potassium platinous trichlorosulphite, 2Ntl4Cl.KPt(S03)Cl. in orange-yellow, 
rhombic crystals, from a soln. of potassium carbonate and ammonium ])]iilinous 
trichlorohydrosulphite. The platinous chlorosulpliites can be represented as 
members of the series : 

K,[PtCl4] K,[PtCl3(803)J (NH4),[Pt0b(S03)3] Ke[Pt(803),l 

C. Birnbaum made potassium platinic oxydisulphite, K2S03.Pt0(S03).H20, 
by passing sulphur dioxide into water with hydrated platinic oxide in suspension 
until the brown powder begins to dissolve, and the remainder then slowly dissolves. 
The filtrate was mixed with potassium sulphite, and potassium carbonate added 
until the liquid has a feeble acidic reaction ; washed with cold water; anil dried 
over sulphuric acid. The dark brown powder consists of minute crystals. It loses 
water at 100 °, and decomposes at 120 °. Hydrogen sulphide reduces the sola, 
to a colourless platinous salt, and with acidic soln. hydrogen sulphide and ammonium 
sulphide precipitate platinic sulphide; hydrochloric acid displaces the sulphur 
dioxide ; potash-lye forms a brown soln., and on boiling no hydrated platinic oxuh* 
is separated; and barium chloride gives a yellow precipitate. V. Birnbaum ob¬ 
tained sodium platinic oxydisulphite, Na2S03.Pt0(S03).2H20, iu an analogous way. 

C. Claus, and K. Seubert could not isolate iridous suli^te, IrS03, but they 
obtained complex salts with the alkaline sulphites, some of which have been regarded 
as salts of an unknown faydrOBolphitoiridous add, H2lr(S03}2, or iridous hydro- 
sulphite, Ir(HS08)2. C. Claus found that when iridous chloride is mixed with 
potassium hydrosulphite, a yellow precipitate is formed with tlic composition 
3 K20,Ir0.5S02, which was thought to be a mixture containing pvtassium iridous 
stdphiie. 
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According to C. Binibauui, if hydrated iridium dioxide be suspended in water, 
and treated with a current of sulphur dioxide, part of the iridium oxide is reduced 
and passes into soln. as a sulphite, and the green soln. deposits yellow crystals of 
iridium trisulphite, Ir2(B03)3.6Ho0. This salt is washed with water and dried over 
sulphurie aci<l. It loses all its water at 160“’-180'^; and when heated to a higher 
temp.^ it gives off water, and sulphur dioxide : and tinallv suljdniric acid, leaving 
a rcsidu(‘ of tlie hhiek iieniitrioxide. The salt is sj)ariiigly soluble in water, and 
freely soluble in acids witli tin' evolution of sulphur tlioxide. Alkali-lye converts 
the su1])hit(' into tin* iieniitrioxide which in air o\idiz<‘S to the dioxide. In the 
preparation of tin' normal suljihite the part which does not dissolve in sulphurous 
acid is a dirty oliv'c-greeii ijidinm oxysulphiii\ or uuiyl sulphite, Ir0{S03).4H20, 
with <(uadrivalent iridium ; or it may be a basic sulphate, Ir20(S04)2.8H20. 
C. Birnbaum obtained ammonium iridium trisulphite, (NH4)3lr(S03)3.1^1120, by 
adding ammonium carbonate to a soln. of iridium trisijl]»hite. The brown crystalline 
powder is insoluble in water ; the corresponding potassiom iridium trisulphito, 

; and sodium iridium trisulphite, Na3lr(K03)3.4H20, were pro¬ 
duced in a similar way. If the sodium salt be dissolved in hot hydrochloric acid, 
and the red soln. be sahirated with ammonia, it deposits a yellow precipitate, which, 
wlien crystallized from its aq. soln., furnishes sodium iridium enneamminohexa- 
sulphite, Na3lr2(Nll3)9(SO3)6.10H2O. 

Iv. Scubert observed that when a soln. of ammonium chloroiridite or chloro- 
iridate is treated with sulphur dioxide at about TtC, the liquid acquires a red colour, 
and deposits orange ( rystals of ammonium iridium hezachloiXKlihydrosalpU 
4NH4Cl.IrCl2«H2^D3, which are very soluble in water. Claus ^ obtained potassium 
iridium chlorot^ulphite, 2K2S()3.IrCl(S03), as a yellow powder decoinjiosed by 
boiling water; and hexagonal crystals of potassium iridium tetnudllorodi- 
sulphite, 2KCl,2K2S03.IrCl2.12H20, from a hot mixture of potassium hydro¬ 
sulphite and chloroiridite ; a soln. of this salt in hydrochloric acid yields, on 
evaporation, potassium iridium pentachlorodisulpbite, 3KCl.Kv>S03.lrCU{S03). 
2H2O. 

J, J. Berz(‘lias found that when a soln. of osmium tetroxide is reduced with 
sulphur dioxide, the yellow liquid becomOvS indigo-blue, and when evaporated out 
of contact with air, and dried at ItX)'', in vacuo, osmious sulphite, O8SO3, is formed 
as a black powder. C‘. Claus and E. Jacoby obtained it from a soln. of osmium 
oxysulphide in cone, sulphurous acid; and E. Fremy, by treating potassium 
osmiate with the same acid. The powder is insoluble in water, but soluble in acids. 
Wlu'n heated, it dt*compos<‘s 2OSSO3—0sS-|-0804-f SO2 ; with alkali-lye, it forms 
osmious liydroxide and alkali sulphite. C. Claus treated potassium chlorosmiatc 
with potassium sulphite and obtained the complex salt 2K2SO3.2KHSO3.4H2O, 
potassium osmious dihydrotetrasulphite. The tabular crystals are almost taste¬ 
less ; they decompose at IBO""; are insoluble in water ; and react like the iridium 
salt. A Soln. of this salt in hydrochloric acid furnishes reddish-brown, soluble 
crystals of potassium osmium dxsulphite, 6KCl.OsO.2SO2. 

According to A. Rosenheim and E. A. Sasserath, if sulphur dioxide be passed 
into a soln. of osmium tetroxide in 20 per cent, sodium hydroxide, until the soln. is 
nearly neutral to litmus, and the soln. neutralized with sodium hydrosulphite, sodiom 
3Na2O.OsO3.4SO2.5H2O, or, neglecting the water of crystalliza¬ 
tion, (Na0)20s(NaS03)4, is formed. This salt is also obtained by cautiously adding 
sodium hydrosulphito to a soln. of sodium osmate. The salt furnishes reddish-brown 
needles ; it forms a reddish-brown soln. with water at 70°, and this soon decomposes 
with the precipitation of the black oxide ; with sodium hydroxide it forms a violet 
soln. of sodium osmiate, with silver nitrate, reddish-brown silvaromic suiphide ; 
and with barium chloride, brown barium osmic sulphide. a 20 per cent. soln. 
of potassium hydroxide be substituted for sodium hydroxide, pobMium OSmio 
decasulphite, 7K2O.4OsO3.lOSO2.7H2O, or (K0)2082(0H)5(KS08)4.H20, is 
formed. It is more soluble than the sodium salt, and it decomposes at 70°. It 
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furnishes a trihydrate and the anhydrous salt. By using a more cone*, soln. of 
potash-lye, potassium osmic tetradecasulphite, llK2O.4O8O3.i4SO2.H2O, or 
(K0)2082(0H)5(KS08)6.2K2S08, is formed. It is supposed that the potassium 
salt is derived from an osmate, (K0)20s205, as j ust indicated. No ammonium osmic 
sulphite could be prepared. 

6 . Sailer prepared dark violet sodium osmium sulphite, Na 6 [ 0 s 4 (S 03 ) 7 ]. 24 H 20 , 
by the action of sodium hydrosulpbite on an alkaline soln. of osmium chloride. 
A. Rosenheim and E. A. Sasserath prepared sodium hexasulphitosmate, 
Na8[Os(S03)o].8H20, by boiling an aq. soln. of sodium clilorosmatc with a cone, 
soln. of sodium hydrosulphite. It crystallizes from dil. sodium hydrosulphite in 
microseopic, brownish-white prisms, is sparingly soluble in wat(*r, and decomposes 
with a bluish-green coloration, gives an intense blue prc^cipitate when treated with 
alkali, and does not yield all its sulphurous acid when boiled with cone, hydrochloric 
acid. It is also obtained Avith 3 mols. of water of crystallization by leaving a mixed 
soln. of sodium chlorosmate and hydrosulphite in a closed flask for some weeks. By 
boiling the mixed soln., sodiumaquopentakilpUtosmate, Na^f 08 (H 20 )( 803 ) 5 ]. 4 H 20 , 
is obtained as a white crystalline powder; and by lic'ating a mixed soln. of 
sodium chlorosmate and sulphite at 70 *^, sodium chloropentasulphitosmate, 
Na70sCl(S03)5].6H20, is obtained as a white crystalline ])owdcr ; and by heating a 
mixed soln. of sodium chlorosmate and sulphite at 70 ” ; the salt is a violet CTystallinc 
])owder, which dissolves in boiling water with a reddish-violet coloration and then de¬ 
composes, yielding a violet precipitate. The chlorine in this compound cannot be pre¬ 
cipitated quantitatively with silver nitrate. If an excess of sodium hydrosulpbite or 
sulphite acts, for a long time, on sodium chloro-osmatc at ordinary temp., A. Rosen¬ 
heim obtained sodium dichlorotetrasulphitosmate,Na8[ 0802(803)4].I0H2O; while 
A. Rosenheim and E. A. Sasserath found that when the two soln. react at 50 ”, 
sodium ozytetrasulphitosmate, Na8[0s0(S03)4].3H20, is formed as a violet, crystal¬ 
line prexupitate. When a soln. of potassium osmic sulphite and hydrosulphite is 
boiled, iiotassium dihydrohexasulphitosmate, K2H2[08(S03)e].2H20, crystallizes 
out in white needles. It is more easily soluble than the sodium salt, and can be 
reerystallized from water without decomposition. It is also obtained by boiling 
potassium tetrachlorosmate with potassium hydrosulphite and by allowing a mixture 
of potassium osmic sulphite and potassium hydrosulj)liite to remain at the ordinary 
temp. If potassium sulphite be added to a cold soln. of potassium clJorosmate, 
white needles of potassium aquopentasulphitosmate, K(j[0s(H20)(S03)5].4H20, 
are formed along with a small proportion of yellow acicular crystals of a chloro- 
salt. White or pale rose-coloured potassdum trihydroaquohenasulpfaitosma^^ 
KiiH 3 [ 08 {H 20 (S 03 )n]- 5 H 20 , is formed by the action of soln. of potassium hydro¬ 
sulphite and potassium osmic sulphite in the cold or gently w^armed. This salt can 
be reerystallized from water without decorai>osition. A. Rosenheim prepared 
potassium dibydn^tetracUorotetrasulpUte^ K3H2[0sCl4(S03)4j, by the prolonged 
action of soln. of potassium hydrosulphite and chlorosmate. The dark red, mono¬ 
clinic crystals have the axial ratios a : 6 : c=I *7243 : 1 : ]‘I 729 , and /9 --I 05 ” 44 '. 
When heated with hydrochloric acid, sulphur dioxide is evolved, and potassium 
chlorosmat-e is formed. 

P. Frerichs and F, Wohler 3 prepared sodium palladous tetrasulphite, 
2Na2S03.Na2Pd(S08)2.2H20, by saturating a soln. of palladous chloride with sulphur 
dioxide, and adding sufficient sodium hydroxide to neutralize th(‘ liejuid, a whit(j 
crystalline precipitate is formed, which when washed and dried is ])al(‘ ycdlow. The 
salt dissolves in boiling water, but does not separate out on cooling : it is also 
soluble in soda-lyv, and in sulphurous acid. 

0 . Claus ^ prepared rhodium trisulpbite, Rh 2 {S 08 ) 3 , 6 H 20 , by dissolving the 
hydrated oxide in sulphurous acid ; evaporating the soln.; and washing out the 
excess of acid with alcohol. The white crystals are soluble in wati r, but not in 
alcohol. When heated, sulphur dioxide and sulphuric ac id aic' given off, and 
rhodium hemitrioxide remains. J. J. Berzelius, E. Fr<!‘niy, and V. trails mixed 
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sulphurous at id, or potassium hydrosulphite, with a soln. of potassium rhodium 
cbIoridt\ and obtained a white precipitate of potassium rhodium tlisulphitOt 
3K2S03.RIu(S 03)3.6H20, or K3Rh(803)3.3H20. The sulphite is insoluble in water ; 
is attack('d slowly by acids ; at a red-heat forms potassium sulphate and rhodium ; 
when boiled with hydrochloric acid, sulphur dioxide is given off, and the corre¬ 
sponding chloride is formed ; and boiling potash-lye does not decompose the salt. 
R. Bunsen made sodium rhodium sulphite in a similar way ; and K. Seubert and 
K. Kobb6 assigned to it the formula 6Na2SO3.4RhSO3.9H2O. The green product 
is insoluble in cold water, and sparingly soluble in hot water ; and a kind of 
anhydrous alum is formed with sulphuric acid. G. Sailer reported brownish-red 
sodium rhodium sulphite, Na«[Rh4(S03)7].]2H20, to be formed by the action of 
sodium hydrosulphite on an alkaline soln. of rhodium chloride. 

According to U. Antony and A. Lucchesi,^ when a soln. of ruthenium sulphate 
is treated with sulphur dioxide, the colour of the soln. changes from bright red, 
through green and violet, to azure-blue, after which the liquid is decolorized. 
If the azure-blue soln. is poured into alcohol, there is formed a precipitate of 
ruthenium trisulphite, Ru2(S03)3.nH20. The blue compound is an intermediate 
stage in the conversion of the sulphate to dithionate. It is a blue colloid, and 
dissolves in a large quantity of water, giving a soln. from which it is completely 
precipitated by the addition of a salt. It can be dried at 80 ^ without change, but 
when heated in a current of carbon dioxide or nitrogen, it begins to lose sulphur 
dioxide at 100 °, and on stroijger heating is completely decomjmsed, with the forma¬ 
tion of a brown substance. C. Claus showed that when sulphur dioxide acts on a 
^()ln. of potassium nitheniuni chloride at ordinary temp., a yellow powder of potas¬ 
sium ruthenous disulphite, K2Ru(S03)2, is formed ; a similar product is obtained 
when the double salt is heated with potassium hydrosulphiie. According to 
A. Miolati and C. C. Tagiuri, when potassium ruthenium pentachloride is boiled with 
a soln. of potassium hydrosulphite, a blue, crystalline precipitate of potassium 
ruthenium ozyoctosulphite, 0[Ru{S03)4K|5]2.4H20, is formed; and similarly 
with sodium ruthenium oxyoctosuipldte, 0[Ru(S03)4K6]2.2H20. By the action 
of sodium hydrosulphite on ruthenium chloride in alkaline soln., G. Sailer 
obtained brownish-yellow sodium ruthenium hydrosulphite, Na3H8[Ru(S03)4]. 
A, Miolati and C. C. Tagiuri found that if a soln. of hydrosulphite acts on 
sodium nitrosochlororuthenate, small orange-yellow crystals of sodium OZjmitroso- 
tetrasulphite, 0[Rn(S03)2{N0)Na2]2-2H20, are formed. They are slightly 
soluble in cold w^ater. Needle-like crystals of potassium oxynitrosotetrasulphite, 
0[Ru(S 03)2(N0)K2].2H20, are formed in a similar way. 
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§ 26. Pyrosulphuioas Acid and the Pyrosulphites 

The hypothetical pyrosulphuroas acid, H2S2O5, 

-OH 
^>S OH 

has not been j)re])arc(l, although a few of its salts— pyrosulphites —have been 
prepared by J. S. Muspratt.i E. ( arey and F. Hurter, C. Schultz-Sellack, 
A. Kohrig, M. Berthelot, A. Bernthsen and M. Bazlen, F. Basse and G. Faure, 
A. Geuther, etc. W. Meysztowicz could not prepare pyrosulphites of the bivalent 
metals. When treated with acids, the ])yro8ulphites furnish sulphurous acid ; 
and when heated, A. H. Kohrig, and M. Berthelot represented the decomposition 
2R2S205“ 2112804-f-S'fSOo ; A. Geuther said that some thio8uli)hate is formed as 
an intermediat<5 product, but K. Divers did not agree with this. P. G. Hartog 
su[)p08ed that the molecule should be doubled 11484010 because of the evolution 
of heat at these stages during the progressive neutralization of sulphurous acid and 
ammonia. M. Berthelot also believed that the molecule of the metasulphite should 
be doubled. K. Dietzel and S. Galanos said that aq. and alcoholic soln. of 
ammonium and potassium ]:)yrosulphites show no spectrum characteristic of 
S205"-ious ; and the state of equilibrium in these cases is similar to that with aq. 
soln. of sulphur dioxide (q.v.). 

A. F, de Fourcroy and L. N. Vauquelin mentioned the formation of an acid 
ammonium sulphite as a sublimate when the normal sulphite is heated. J. C. G. de 
Marignac obtained ammoniam P3rrosalplute» (NH4')2S205, by saturating a soln. of 
the normal with sulphur dioxide, and R. de Forcrand, by saturating cone. aq. 
ammonia with that gas, and evaporating the soln. in vacuo over sulphuric acid ; 
A. Fock and K. Kliiss, and E. Divers and M. Ogawa employed a similar mode of 
preparation. E. Divers and M. Ogawa said that if, in the preparation of the salt, 
the passage of sulphur dioxide is not stopped when the soln. is full of crystals, 
these gradually dissolve, and the soln. becomes greenish-yellow. Then, as it 
btxjomes sat. with sulphur dioxide in the cooling mixture, the pyrosulphite crystal¬ 
lizes out—a quantity e(juivalent to a little more than one-fifth of the ammonia taken 
is thrown out of soln. by the sulphur dioxide. The salt can be obtained dry and 
pure in the same way as the normal sulphite, except that sulphuric acid, to which a 
little solid alkali sulphite has been added, is used in the desiccator. It may be kept 
unchanged for any time in such a desiccator, although it is very deliquescent and 
changeable when not carefully preserved from moisture. This salt is also easily 
obtainable by evaporating its aq. soln., but not without some decomposition through 
loss of sulphur dioxide and through oxidation with formation of sulphate. J. S. Mus- 
pratt made the salt by passing the two moist gases into ether. The preparation of 
the sulphite as a by-product in other preparations was discussed by G. Blattner, and 
by E. Carey and F. Hurter. The pyrosulphite furnishes rhombic crystals, which, 
according to J. C. G. de Marignac, and A. Fock and K. Kliiss, have the asaal ratios 
a: 6 : c=s(h 3939 : 1 : 04770 . They are not isomorphous with the potassium salt. 
The orystak are difficult to measure on account of their tendency to deliquesce: 
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R. ih Forcrand gave for the lieat of formation ( 2 Ssoiid» 50 ,;fa 8 , 4 H 2 « 4 is>N 2 ga 8 ) 
-a 0()-()0 Cals.; ( 2 Sga 8 , 50 gaH, 4 H 2 gas, N-g^s)-= 305*20 Cals.; ({NH4)2S2+ 50 )-- 234*0 
(^als. ; (2SO2ga8,2NH3gas,2H2Ogjvs)"-H0*00 Cals.; for aq. sohi,, 2802(64 gnus, 

in 4 litres) and (NH 4 ) 20(26 grms. in 2 litres), 59*12 Cals., and 2802(64 grms. 
in 2 litres) and 2 (NH 4 ) 20(26 grms. in 2 litres), 25*00 Cals. For the reaction 
of a mol of the pyrosulphite in 12 litres of water, and a mol of (NH4)20 in 
2 litres, 20*74 Cals. The heat of soln. of one mol of salt in 60 parts of water, 
is — 6*38 Cals, at 8°. According to E. Divers and M. Ogawa, the thoroughly 
dry pyrosulphite sublimes unchanged at 130 '’- 150 °, but probably with an inter¬ 
mediate dissociation; and if any moisture be present, some sulphate and 
trithionate are formed. G. A. Barbaglia and P. Gucci found that the pyrosulphite 
in a sealed tube at about 150 ° furnishes ammonium sulphate, sulphuric acid, and 
sulphur. A. Bineau found that tlie .salt can be heated to 134 ° without giving off 
gas, and that mercury is blackened. All agree that the p3rro8ulphite is extremely 
deliquescent, and is difficult to dry without oxidation ; J. C. G. de Marignac found 
that the crystals lose sulphur dioxide on exposure to air ; and J. S. Muspratt, that 
half the combined sulphur dioxide is given off in air, and tliat the salt is readily 
oxidized to the normal sulphate. F. Rochleder found that the cone. aq. soln., 
in darkness, suffers no change in air; but in diffused light, and in air, sulphur is 
deposited and ammonium sulphate with a little thiosulphate are formed. J. 8. Stas 
said that the pyrosulphite changes its titre in light. The action of the salt on 
ammonium iodide and iodic acid resembles that of the normal sulphate ; the 
reduction to hyposulphite by zinc was observed by M. Prud’homme ; and the 
electrolysis of the ammoniacal soln., by G. Halphen. W. Eidmann found that it is 
insoluble in acetone. A. P. Sabaneeff and W. Sf)eransky obtained hydrazine 
pjTOSulphate, (N2H4)2H2S207, by passitig sulphur dioxide into an aq. soln. of 
hydrazine hydrate, and evaporating the yellow soln. under reduced press., or in an 
atm. of sulphur dioxide ; or else precipitating the salt from the soln. with alcohol. 
The salt readily oxidizes to the sulphate. The effect of the salt on the f.p. of water 
corresponds with the factor i-= 3*82 to 3*55 with respectively a cone, of 1*152 and 
4*548 grms. per 100 grms. of water. 

A. P. Saban4*ff2 prepared hydrazme psnrosulphite, 2N2H4.H2S2O5, i.c. 
(N2H5)28205, by passing sulphur dioxide into an aq. soln. of hydrazine hydrate— 
vide suvra, hydrazine sulphite. 

When sulphur dioxide in excess is passed into a cone. aq. soln. of sodium 
carbonate, crystals of sodium pyrosalpliite» Na28205, are deposited as the soln. 
cools— vide supra. An analogous process was used by G. Sehultz-Sellack,^ 

E. J. Maumene, A.F.de Fourcroy and L.N. Vauquelin, A. H. Rohrig,and R.E.Evans 
and 0 . H. Desch ; H. Endemann treated a cold, dil., aq. soln. similarly; E. Carey 
and F. Hurter treated solid nionohydrated sodium carbonate with the gas; and 

F. Basse and G. Faure devised a continuous process for preparing this salt by the 
action of sulphur dioxide on a soln. of sodium carbonate. Both A. Rohrig and 
C, F. Raramelsberg obtained a hernihijdrate, Na2S205.|H20, by evaporating the 
soln. at room temp, or from a warm acid soln. Otherwise the analyses of H. Ende¬ 
mann, A. Rohrig, and R. E. Evans and C. H. Desch agree with Na2S205. 
According to R. de Porcrand, the white crystals of sodium pyrosulphite have a 
heat of formation ( 2 S, 50 , 2 Na)-= 174*2 Cals.; (2S02ga«,Na20*oii<j)-“34*9 Cals.; 
and (S02gaa,Na2S03ftoha)==9*^ Cals.; a heat of soln. of one part of salt in sixty 
parts of w^atcr — 2*62 Cals, at 10°; and a heat of neutralization of 14*23 Cals. 
P. J. Hartog said that when freshly prepared the salt can be kept in an 
atm. of nitrogen, and it undergoes a polymeric transformation attended by the 
evolution of 2-74 Cals., forming—possibly—(Na2S205)2. P. Walden measured the 
eq. electrical conductivity, A, of the soln. for a mol of the salt Na2S205 dissolved in 
V litres of water at 25 ° : 

W . . 32 U 12H 250 512 1024 

A . 07*0 72*3 750 70*0 74*8 09-2 
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which is taken to show that sodium pyrosulphitc is the salt of a dibasic acid. 

O . Schultz-Sdlack found that the salt gradually loses sulphur dioxide when ex])Osed 
to air, and it passes into normal sodium sulphate; D. Gernez, that in a current 
of carbon dioxide the aq. soln. loses sulphur dioxide; and G. A. Barbaglia and 

P. Gucci, that when the sat. soln. is heated in a sealed tube at 150 ", sodium sulphate 
and sulphur are formed. According to H. Endemann, when heated to 80 '' for a 
long time it loses a mol. of sulphur dioxide ; if rapidly heated, it forms sulphur and 
its dioxide ; 2Na2S205 ~-2Na2S04+S+S02 ; and when heated with alcohol, it 
loses sulphur dioxid(‘. F. Forster and co-workers gave for the solubility of sodium 
})yro8iilj)hite, in grams per 1 (X) grins, of soln. : 

-8 5 “ -2 0 “ 0 “ 3 5 “ 80 “ 15 * 0 ° 40 - 2 “ 50 2 “ 85 0 “ 07 2 “ 

NajSjOj. 24-75 30-45 32-90 37-70 38-05 39-10 41-50 44-29 47-89 49-00 

NftjSjOBTeHjO ~~ Na^S^O^ 

For the solubility of the heptahydrate, they gave 32*45 at 1 * 2 ° ; 31*25 at 0 ° ; 26*15 
at -- 5 * 0 ° ; 23*77 at — 9 * 0 “ ; and 23*45 at — 9 * 3 “. The results are plotted in Fig. 68. 
The anhydroiiH salt is stable between 5 * 5 “ and the 
b.p. of the soln. ; tluj heptahydrate^ Na2S205,7H20, is 
stable between 5 * 5 “ and the eut<»ctic temp. — 9 * 05 “; 
and the luixahydrat^^ Na2S205.6H20, is metastable 
between 3 * 8 “ and — 9 * 79 “. There were indications of 
a trihydraiCy Na28205.3H20 ; and of a tritahydrate, 

Na2S205.JH20. Cryoscopic observations show that in 
aq. soln. the salt is hydrolyzed S205"-+-H20»^2HS03'. 

N. W. Sokoloff, and li. Otto supposed that a soln. 
of iodine in one of potassium iodide furnishes the 
dithionate, but it is rather sodium hydrosulphate 
and iodide that is formed as shown by L. Bourgexiis 
and W. Spring, A (V)lefax, L. P. de St. Gilles, and 
M. J. Fordos and A. Gelis. When the soln. of the 
jjyrosulphite is boiled wuth sulphur, V. Faget ob¬ 
served that the salt is transformed into hyopsulphite 
and tritliionate, which are, in turn, decomposed into sulphate, and sulj)hurous acid. 

J. S. Muspratt ♦ prepared pota^om pyrosalphite, K2S206> by passing sulphur 
dioxide into the hot, sat., aq. soln. until effervescence has ceased, and the green soln. 
deposits crystals of the salt which are then washed with a little alcohol, and dried 
between bibulous paper. A. Boake and F. G. A. Roberts obtained the pyro- 


wo 

90 '^ 

80 ^ 

70 

bO^ 

bO^ 

4 (r\ 

30 "' 

7 (f 

f 0 ° 

(f\ 




n 


( ] 



• 

rn 

1 


-- 

11 - 

1-. 

r 





;i-r: 

4 







r 


N. 

”1 






k 


—1 

- 




WJ 


- 











5 




to 


40 50 


Grams Nat Si 0^ per fOOgrm soiutm 


Fig. 68. —Solubility of 
Sodium Pyrosulphite. 



FrOK. 09, 70, and 71.—Peiwntage of Different Forms of Oombinod Sulphur present at 

Different Temj^eratures. 

sulphite industrially by passing sulphur dioxide into a boiling sola, of j)otassium 
sulphate mixed with calcium hydroxide until the sp. gr. is 1 * 460 , and cooling th*‘ 
liquid. The subject was discussed by J. Fornell. P. Groih, and J. C. G. dc 
Marignac said that the monocUnic plates arc stable in air, and ba^'e the axial ratios 
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a:h: c™ 1 -4650 : 1 : 1*2222, and 131"" 43'. A. H. Rohrig represented the thermal 
decomposition of the salt by; 2X28205=2X2804+48+802; and A. Geuther said 
that the changes which occur when the salt is heated are almost the same as those 
which occur when the hydrosulphite is heated. F. Forster and G. Hamprecht 
found that when heated for different periods of time, at different temp., potassium 
pyrosulphite furnishes the proportions of the different substances indicated in 
Figs. 69, 70, and 71. Between 220'" and 700“, they obtained, in unit time : 
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F. Forster and G. Hamprecht found that crystalline potassium p3rrosulphite begins 
to break down at about 150 ; and at the Wginning, the reaction 2S205"->S30fl" 
+SO 4 " (i) occurs; with rising temp, less and less trithionate is formed, and is no 
longer recognizable at 220“. The aq. soln. of the yellow product form a colourless 
soln. of trithionate. With a rise of temp, above 150“, the reaction 3S205"-^S203'' 
+2S04"+2S02 (ii) sets in, and above 250“, this is the main reaction. The reaction 

S205"^S03"+S02 (iii) sets in above 200°; if the 
partial press, of the sul})hur dioxide is low the heat 
of the reaction is; X2SO3+SO2—X28205+26-8 
(\Is. at 220°, and the dissociation press, p is log p 
= —25800/4*57ir+l*75 log T+3*3. There is also 
a series of consecutive reactions: S306"->S04" 
+ 8O2 1 8 (iv) which set in as soon as the cone, of 
the trithionate reaches a certain limit, and vanishes 
before all the pyrosulphite has decomposed. The 
higher the temp., the less the proportion of SsOq". 
There is also the reaction 2S203"+S02-~>2S04+3S 
(v), which is the more marked the higher the partial 
press, of the sulphur dioxide; and the higher the temp. 
At 220° in a closed vessel, or from 250° to 440° this reaction completes the decom¬ 
position of the pyrosulphite. Both the reactions; 4S203"->3S04"+S5' (vi) and 
4S03"-»3S04'' + 8" (vii), or thesummated reaction: 2S205"->2S04"+S+S02 (viii) 
occur. Reaction (vi) appears above 400°, provided the temp, is attained before 
all the thiosulphate has decomposed by (v). The reaction (vii) has a perceptible 
velocity at 550°. The thermal decomposition of sodium pyrosulphite is similar, 
but the proportions of the different products are different. The heat of dissociation: 
Na2S205^Na2S03-f SO2, is smaller than is the case with the potassium salt, and 
the dissociation press, is therefore greater. M. Berthelot gave 184*7 Cals, for the 
heat of formation from its elements ; and 19*20 Cals, from 2 mols each of sulphur 
dioxide and potassium hydroxide in aq, soln. at 13° ; while the heat of soln. in dil. 
potash-lye is 15*20 Cals, at 13°. A. Lmni^re and A. Seyewetz found that the 
moist salt does not change much in moist air, and that the dil. soln. is oxidized 
twenty times more slowly than the corresponding sodium salt. A. Rohrig 
observed that the salt smells of sulphur dioxide when it is rubbed in a mortar, 
and that the powder loses sulphur dioxide in vacuo. F. Forster and co-workers 
found the solubility of potassium pyrosulphate, in grams per 100 gnus, of soln., 
to be: 

— 6 0* -8 0* 0® 10* 22*0* 602* 94*0* 

KjSjO, . 19*27 20*65 22*20 26*62 31*82 42*79 55*51 

and for the solubility of the ditritahydraie, K2S205.f HgO ; 
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The eutectic temp, for the anhydrous salt is — 5 ' 5 '^, and for the ditritahydrate, 
— 6 * 7 ®. Th(5 transition temp, is near 4 * 0 ®. Between — 4 ® and + 4 ®, potassium 
tetrahydrosulphitopyrosulphite, K2S2O5.4KIISO4. crystallizes out of the soln. 
Cryoscopic observations show that the pyrosulphites are hydrolyzed in aq. soln., 
S205"+H20—2HSO3'. The salt is slowly dissolved by water, and by alcohol, 
but is insoluble in ether. 
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§ 27. Sulphur Triozide 

The seventeenth-century writer, Basil Valentine,^ said that when calcined 
copper vitriol is heated in a retort with a receiver, there first appears a white spirit 
which is mercurim phihsaphorttm, and this is followed by a red spirit which is 
sulphur philosophorum, Albertus Magnus, in the twelfth century, said that sulphur 
phUosaphorum is not true sulphur, but is rather the spirit of vitriol— scilicet est 
npirilus vifreoU romani. In the seventeenth century, also, N, Lcmery obtained the 
white spirit by heating iron vitriol, and the term sal phUosaphorum —philosopher's 
8alt“oame to be applied to the white sublimate as distinguished from the oily 
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liquid oham sulphuris, that is, sulphuric acid— vide infra. In 1775, J. V. Bernhardt 
described the preparation of the white sublimate by heating fuming sulphuric acid, 
and he called it sal vohtile olei vitrioli. The white mass obtained as a sublimate 
when fuming sulphuric acid is heated was called olemn glackile v-itrioU, and regarded 
by J. C. Dollfus, and A. F. de Fourcroy as a compound of sulphuric acid with 
sulphur dioxide ; by J. J. Winterl, as a compound with oxygen ; and by F. C. Vogel, 
as sulphuric acid associated with very little water and a small, iinweighable quantity 
of a spirit or principle. The nature of this 2)roduct was demonstrated by 
J. W. Dobereiner, C. G. Omelin, A, Fre, A. Bussy, C. W. Scheele, and L. B. G. de 
Morveau ; and the composition, by the work of A. L. Lavoisier, J. J. Berzelius, 
J. B, Richter, C. L. GeofTroy, L. B. G. de Morveau, M. H. Klaproth, C. F. Bucholz, 
C. L, Berthollet, R. W(‘ber, etc. The results show that the sal volatile olei vitrioli 
is sulphur triosdde, SO3. 

The tormatiou and preparation of sulphur trioxide. —The formation of a small 
proportion—about 2 ])er cent.-^ of sulphur trioxide during the combustion of sulphur 
in air was observed by G. Juinge,- J, H. Kastle and *1. S. McHargue, W. Hempel, 
etc.; and H. Giran obs^Tved t hat tin* proportion of sul]>hur trioxidc formed increases 
as the press, is raised, hig. 52 vtdc supra, the combustion of sulphur. 
R. G. W. Norrisli and E. K. Kidt^al observed that the formation of trioxido 
becomes appreciable at 505'’, and increases rapidly as the temp, is raised. The 
formation of sulphur trioxide along with the dioxide, during the roasting of pyrites, 
was discussed by A. Scheurer-Kestner, F. Wohler, G. Lunge and F. Salat he, 
F. Bode, and F. Muck. The sulphur in coal-gas* was shown by W. (\ Young, 
(\ Heisch, M. Dennstedt and C. Ahrens, and G. W. Wigner to be largcdy converted 
into the trioxide as the gas burns— vide supra, the combustion of sulphur. 

As previously indicated, sulphur trioxide is a product of the decomposition of 
sulphur dioxide by heat, light, or electric sparks. H, Buff and A. W. Hofmann ^ 
observed that the trioxide is formed when a mixture of sulphur dioxide with half 
its \ol. of oxygen, is exposed to the spark discharge, and P. de Wilde, and 
*M. Poliakoff obtained a similar result with the silent discharge. H. St. (’. Deville 
said that a state of equilibrium is established w'hich prevents the completion of the 
reaction, but if the sulphur trioxide be removed as fast as it is formed, by absorption 
in cone, sulphuric acid, the reaction can be completed. M. Berthelot said that 
some sulphur heptoxide is produced at the same time— vide supra, the oxidation of 
sulphur dioxide for the formation of sulphur trioxide by the action of light, and 
various agents on mixtures oxygen and sulphur dioxide. I. Guareschi obtained 
vortex rings of sulphur trioxide from fuming sulphuric acid and air. 

In 1831, P. Phillips 4 said: ‘‘I do affirm that an instantaneous union of 
sulphur dioxide and oxygen of the air can be effected by .passing a mixture of sulphur 
dioxide with a sufficient supply of air through tubes containing finely-divided 
platinum, heated to a strong yellow heat.” Shortly afterwards, G. Magnus ob¬ 
served that a mixture of sulphur dioxide with half its vol. of oxygen is gradually 
condensed to sulphuric acid in the presence of water, but much more quickly in 
the presence of heated platinum, ])articularly of the spongy variety. He also 
observed that some trioxide is formed when the mixed gases are passed through a 
tube containing broken glass at a dull red-heat. J. W. Dobereiner also observed 
the condensation of the gaseous mixture to fuming sulphuric acid by hygroscopically 
moist platinum black. In 1846, J. T. Jullion recommended asbestos covered,or 
coated with platinum or other catalytic or contact substance heated to 20'^-480'^ 
for various catalytic reactions, but not specifically for oxidizing sulphur dioxide 
by air. J. C. Schneider made a working m^el of an apparatus for oxidizing sulphur 
dioxide and subsequently converting the trioxide into sulphuric acid. The process 
was reported upon by A. Payen—co-operating with J. B. A. Dumas, and J. Pelouzc, 
F. Wohler, and F. Malila observed that the oxides of chromium and copper, at a 
dull red-heat, oxidized sulphur dioxide mixed with air to form sulplnir trioxide. 
The contact catalyst emidoyod is not known. Many contact agents other than 
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platinum were proposed. K. Laming, for instance, impregnated pumice with 
manganese dioxide; C. Blondcau, argillaceous and presumably ferruginous sand ; 
T. von Artner, a ceramic body; W. Hunt, silica; H. G. C. Fairweather, zeolites 
impregnated with a metal oxide ; A. M. G. Sebillot, heated pumice-stone ; G. Robb, 
})yrites-cinders ; W. H. Thornthwaite, and B. Lambert, iroji and chromium oxides ; 
A. Trueman, and A. E. Schmersahl and J. A. Bouck ])r()posed several other oxides ; 
and H. W. Deacon, coj>per sul])hatc. 

The reaction is s3nnbolized 2S0*j+02^2S03 and it is reversible, and exothermal 
from left to right. This means that as the teni]). is raised there will be a tendency 
to absorb heat, and this can occur only by the dissociation of the trioxide. Hence, 
the higher the temp, the worse the yield of sulphur trioxide. The greater the 
activity of the catalyst the greater the yield because its working temp, is lower. 
The value of the equilibrium constant Kr will therefore be [SO2HO2J—AfSOs]- 
whcn the cone, are expressed in mols per litre. At temp, in the vicinity of 727 '", 
the initial and final values of the ratios 2SO2 : O2 : N2 are indicated in Table V. 


Table V. 

—Equilibrium 

Conditions in 
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280* f Oj,^ 2 S 03 . 

. Initial. 
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SO 3 . 
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M. Bodenstein and R. Pohl represented their results at K., by log^ A% 
— 103737 “! ~~ 2'222 log^ 7 + 14 * 585 . When the cone, is expressed in partial press., 

where K, at 400 ^ is 7 * 81 xl 0 “», and A:p- 4 * 32 xl 0 “«, 
F. Bollitzer gave log 1 ^,^— 94307 “!— 1*75 log 7 — 3 * 4 . P. Haber i 3 roi) 08 ed the form 
for the equilibrium relation so as to give more convenient 
values for the equilibrium constant. If a denotes the initial percentage amount of 
sulphur dioxide by vol. ; b, that of oxygen ; and x, the amount of oxidation, then, 
when equilibrium is attained, Jax voL of oxygen will have disappeared, and the 
partial press, will be p8O2==«(l-~ic)/(100—|ax)—psO3==^w^/(100—^ax); and 
702—(6—'i«x)/(100—so that the equilibrium relation takes the form: 

X { h — \ax x-i 

The values of kp obtained by G. Bodlander and K. Kdppen, with those of 
R. Knietsch (in brackets), are as follow : 

450“ 500“ 515“ 53.*! (UK)' 010“ 700’ 800 ’ 000“ 

kp * (187-7) (72-3) 05*4 28-4 (14-9) 10-U 4-84 1-81 0-57 

M. Bodenstein’s values for kp, and for Qp Cals, calculated from the equation 
d{\og,Kp)ldT^QpimT\ are: 

528“ 570“ 027“ 080“ 727“ 780“ 882“ 987“ 

kp . .31-3 13*8 0-54 3*24 1*86 0*956 0*627 0-358 

--- --' '- V.. . . ^ 

Q . . 22*8(600°) 22-6(800°) 
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M. Bodenstein and R. PoU’s results can be represented by the expression 
logio Kp = 5186 ‘ 5 r~i + 0*611 log T— 6*7497 ; F. Haber suggested log^ kp 
~-= 4747 * 3 r~"^— 20*4 on the assumption that the heat of the reaction is constant. 
In order to make the values calculated from F. Haber’s equation harmonize with 
those from M. Bodenstein and R. Fold’s equation, it is necessary to increase 

F. Haber’s values of T by 9 units at 400 ^, 5 units at 520 '’, and by 2 units at 600 °. 
There is a fair agreement between the values of kp obtained by R. Knietsch and by 

G. Bodlander and K. von Koppeii; but not with those of M. Bodenstein and 
R. Pohl. Some measurements were also made by R. Lucas, A. Geitz, C. G. Fink, 
I), iilexeell, and W. K. Lewis and E. D. Ries. A. F. Benton discussed the kinetics 
of reactions in flow systems. R. Kranendick observed that the rate of decom¬ 
position of sulphur trioxide at 859 ° gave a velocity constant k in harmony with a 
termolecular reaction dCldt==^kC^y but not with a bi- or uni-molecular reaction. 

Three vols. of the mixed gases furnish two vols. of the trioxide ; pressure tends 
to make the vol. smaller, and as the system adjusts itself to the increased press, 
it has a tendency to form more sulphur trioxide. In practice, the increased yield 
obtained by increasing the press, is not sufficient to make the extra cost worth 
while. R. Knietsch showed that an increase of press, and dilution with inert 
gases act in opposite directions. Thus, at 430 ° with a mixture of 7 * 21 , 10 * 44 , and 
82*35 per cent, of sulphur dioxide, oxygen, and nitrogen respectively, there was a 
98*9 per cent, conversion at atm. press, and a 99*50 per cent, conversion at 5*3 atm. 
press. At 490 °, with a mixture of 6 * 60 , 11 * 30 , and 82*10 per cent, of sulphur 
dioxide, oxygen, and nitrogen, the per cent, conversion at atm. press, was 93 * 80 , 
and at 0*31 atm. press., 90*85 per cent. R. Frank proposed working the contact 
process under a press, of 100 atm. 

R. Knietsch measured the rate of oxidation of sulphur dioxide by passing the 
mixed gases at different speeds, V litres per minute, over 0*5 grm. of the platinum 
catalyst, and expressed the result in grams of sulphur dioxide c6nverted per minute 
per gram of platinum : 



410^ 

430" 

450" 

480* 

615" 

V , , . , 

0-3 

10 

2-5 

7*5 

200 

Conversion . 

100 

97*5 

94 

87-5 

7*3 per cent 

Grams SC)> converted . 

015 

0-37 

0-90 

2-5 

5-6 


This shows that the catalytic activity or the rate of conversion increases more and 
mor(' rapidly as the temp, rises ; but the percentage conversion falls more rapidly. 
The curves. Fig. 73 , show that as the temp, rises, the percentage conversion rises 
rapidly at first, then reaches a maximum, and the curve then takes a downward 
slope towards the region of higher temp. The right-hand branches of the curves 



I'm. 73.-~rh6 Relation bo- Fig. 74.—Relation between 
tween lenijf^rature and (inversion and Times of 
the Kate of Oxidation. Reaction at various Tern- 

peraturos. 

lie close together, showing that the percentage conversion thus becomes more and 
more dependent on temp., and less on the relative weights of gas and catalyst; 
the speed of conversion is so high that the results are nearly all the same. At 
these high temp, there ts a large excess of catalytic activity. The curves, Fig. 74, 
by R. Knietsch, represent the relation between the amount of platinum or the 
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time of contact with a constant quantity of ])latinuni. Th(*y show the time 
required to obtain a certain percentage conversion at a given temp. 

The intermediate compound theory is a convenient way of ex])]aining the action 
of cataljd-ic agents —vide 1 . 8 , 6—but it does not work so well with platinum. As 
indicated in connection with sulphur dioxide, II. Wieland found that palladium 
black, in the absence of oxygen, will oxidize moist sul]>hiir dioxide ; whilst traces 
of water are necessary for the reaction between oxygen and sulphur dioxide. It 
has therefore been suggested that m the (atalysis of the oxi(hition process, the 
water is alternately reduced and re-formed l>y the cyclic reaciions SOo-i-HiiO 
and 2H2d'02'™2H30. C. Engler and L. Wohler supposed that a tran¬ 
sient platinum oxide acts as a carrier of oxygen -at first, it was supposed that 
platinum dioxide is formed, and later, jdatiiium monoxide. L. AVohler, how¬ 
ever, showed that platinum monoxide is reduced to the metal by sulphur dioxide 
before the oxidation of the sulphur dioxide has well begun ; and that the catalytic 
action of the platinum oxide is only about one-fifth of that of the metal. L. Duparc 
and co-workers inferred that in the oxidation of 8ul])hur dioxide, with rhodium or 
platinum as catalyst, intermediate compounds of oxygen wdih the catalyst are 
formed. M. Bodensteiri argued that no oxid(‘ whose formation is endothermic 
can act as intormf 3 diate oxide ; a platinum oxide may be formed and dissolve in 
the platinum, and the sulphur dioxide may dissolve in the metal. The function 
of the catalyst is then to form a solid soln. in wdiich the reaction proceeds. 

Measurements of the velocity, made by M. Hodenstein and C. (J. Fink, showx'd 
that the reaction did not jjroceed as a termolecular gas reaction might be expected to 
do ; but at the moment f, the speed was directly proportional to the amount of 
dioxide present in the system, and inversely proportional to the sq. root of the 
amount of trioxide formed, that is, dxldt^k(a~ x)x~K At 248 °, th«j cone, of the 
oxygen had no appreciable influence within very wide limits ; but if less oxygen 
w^as present than is represented by the ratio 280 ^ : O2, the value of k was no longer 
constant, and the rate of the reaction became abnormally slow. It is assumed 
that the trioxide formed accumulates on the surface of the platinum by adsorp¬ 
tion, and the reacting gases have to penetrate this layer before they can react; 
and, since the amount of a substance adsorbed depends on the cone., the higher 
the cone, of the trioxide the greater its retarding effect on the reaction. This is 
in accord with the observed results. The temp, coeff. of the reaction is about 
1*22 for every 10° ; and the coeff. is usually of the same order for reactions 
in soln, catalyzed by colloidal metals, but for reactions in soln. the speed of the 
reaction is nearly doubled for every 10° rise of temp. It is therefore assumed that 
reactions catalyzed at a platinum surface are retarded by some factor not present 
with reactions in soln. This factor is not adsorption, because adsorption is an 
instantaneous process; rather is the retardation caused by the diffusion of the 
gases through the adsorbed layer on the surface of the catalyst. The temp, coeff. 
of diffusion processes is usually much lower than the value for typical chemical 
reactions. According to this hyjj^othesis, the catalytic activity of platinum is attri¬ 
buted to the adsorption of the reacting gases into the body of the metal, or to the 
reaction taking place in the condensed layer formed on the surface of the metal. 
In some cases of catalysis— e.g, the oiddation of ammonia—C. S. Imison and 
W. Russell showed that there is a drastic pitting and sprouting over the whole 
surface. 

The destruction of the catalytic activity by the overheating of the catalyst 
is a result of the almost complete suppression of the ix)wer of adsorption. The 
state of the surface of the catalyst, therefore, determines the extent and accessibility 
of the reacting gases. The various methods of preparing catalysts are usually 
directed towards making the adsorbing surface as large as possible. They range 
from mechanical comminution to the deposition of the catalyst in an extreme state 
of subdivision on a more or less ]>orou8, inactive support. J, T. Jullion recom¬ 
mended asbestos as a carrier for the platinum in various catalytic reactions, although 
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not specifically for oxidizing sxilphur dioxide. The long-fibred asbestos, well teased 
out, has given good service in industrial plants lasting from ten to a dozen years. 
R. Piria used calcined quartz and also ]>umice-stone as carrier for platinum ; and 
H. N. Holmes and co-workers, silica gel. Magnesium sulphate was recommended 
by M. Schroder, and the Badische Anilin- und Sodafabrik recommended using oxide 
of iron, copper, or chromium as a carrier for platinum. (!. Iilllis recommended 
mixing idatinuni with an oxide, one which is capable of absorbing a large volume of 
siilj)hur dioxide at 4 r)(r- 540 ''. 

About 1875 , W. S. Squire, and R. Mi'ssel used jilatinized pumice as the catalytic 
agent for the oxidation of sulphur dioxide, and they noticed that tlie catalyst 
gradually lost its activity owing to the accumulation on it of such im])uriti('s as 
flue-dust, wdien gases from the roasting of sulphides, etc., were used. R. Knietseli 
showed that arsenic in the burm^r gas was the most harmful of the impurities. It 
acts by permanently destroying the efficiency of platinum as a catalyst ; and once 
the platinum is contaminated seriously, it has to be recovered and the arsenic 
separated. E. B. Maxted and A. N. Dunsby studied the poisoning of the catalyst 
by arsenic; and the retarding effect is proportional to the eoncmitration of tin* 
arsenic per gram of platinum : 

Arsenic . 0 n (K)071 0-00143 0-(M)214 0 0050 0*0079 0 0289 grin. 

SOj oxidized . 15 13 12*17 8 53 6*77 6 15 5*00 4 03 per cent. 

R. Knietsch found that other substances have a deleterious action—c.^. antimony, 
chlorine, iodine, hydrogen chloride, silicon tetrafluoride, s(‘lenium, tellurium, 
sulphur, lead sulphate, etc. There are two w'ays in which these injurious ag(*nts 
can act on the platinum. There is first the mechanical aciion by the deposition of 
solid matter on the catalyst which renders the platinum more difficult of access to 
the reacting gases. There is also what is now known as a specific poisoning aciion 
owing to which the catalyst becomes inactive. The action of arsenic, antimony, 
tellurium, selenium is fjermanent and specific ; the action of chlorine and hydrogen 
chloride is temporary and specific; while the other substances act mechanically. 
C. Opl supposed that the specific, poisoning action of arsimic is due to the formation 
of a glassy film of arsenic sulphite on the surface ; while M. Bodeiistein and 
C. G. Fink suggest that the inactivity may be due to the decreased adsorption of 
gases on the surface of the catalyst. E. J. Russell and N. Smith showed that if 
the gases be thoroughly dried with phosphorus pentoxide, the reaction is so slow 
that only a sligffit change w^as observed after 24 hrs.' contact with }>latinum at 400 °- 
450 °. R. Knietsch observed that at 460 ^ mixtures with 7*2 and 6*6 per cent, of 
sulphur dioxide containing respectively 13*5 and 26*7 per cent, of water-vapour 
showed a respectively 96*4 and 96*8 per cent, oxidation. C. L, Reese also observed 
but little cfiect when tried on a small scale. On a largo scale, however, all are 
agreed that the effect of steam is injurious. The subject was also discussed by 
F. Meyer, G. C. Stone, and G. Lunge and G. P. Pollitt. 

R. Schwarz and M. Klingenfusa said that X-rays activate the platinum used 
as catalyst in the oxidation of sulphur dioxide, and so increase the yield of 
trioxide. At 400 ° the yield of sulphur trioxide is increased from 94*6 to 95-9 per 
cent., and at 260 ° from 35 to 51 j>er cent., after treatment of the platinum 
catalyst. The activation is not permanent, but gradually decreases, and has 
practically disappeared after the catalyst has been in use for 24 hrs. The 
phenomenon is probably due to the decomposition of small amounts of water witlv 
the production of a specially active oxygen on the platinum surface. G. L. Clark 
and co-workers showed that X-rays do not activate the platinum catalyst in the 
oxidation of sulphur dioxide when it is exposed to the radiation in dry air; but 
in a moist atm. containing 0*013 part of water per 1 part of dry air, it was activated, 
and an increase in conversion obtained over the first period of The activity 
then fell to a minimum, and finally returned to its normal value before irradiation. 
Subsequent irradiation gave less activation and a slower return to the normal. 
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The decrfat;('d ellect of afU*r the first 4‘xposurc is rega-ided us due to 

the building up of a film of sulphuric acid wliich is not easily ionized by the radia¬ 
tion. K. G. Y. de Sotto ])ro])OBed to activate the gases by exposing them to radiuin 
rays or ultra-violet light. J. E. I'.Iaisin found that in the oxidation of sulphur 
dioxide ex])osed to the a-jiarticles from radium, sulphur trioxide is the principal 
product; no persulphuric anhydridei was observed. The ratio of the number of 
molecules disappearing from the gaseous ]dias(* to the number of ions produced is 
about I'f). Assuming that the reaction proceeds;'2SO2+O2-2SO3, this means 
that each jiair of ions produces a mol. of sulphur trioxide. 

The catalytic action of platinum for the oxidation of sulphur dioxide was found 
by L. Wohler and co-workers to be much superior to both palladium and iridium. 
With 10 grms. of catalytic mass containing 1 * 4 ~- 1‘5 per cent, of metal, and a mixture 
of one part of sulphur dioxide with 2*5 parts of air passing at the rate of 176-179 
c.c. per minute, they found that the possible and observed conversions at different 
temp, were : 


I possible 

(platinum 
obfler\^ed< irulium 

(palladium 


450“ 


650“ 

750 

90 

SO 

50 


96-2 

79 9 

47-9 

21-6 

270 

07-1 

42 8 

19-2 

0-5 

2 :? 4 

40 0 

22-5 


If tln^ rale of passage of the mixed gas be aiigmcided, the lower activities of iridium 
and palladium are accentuated. P. Wenger and C. Urfer also found rhodium to 
be inferior to platinum. According to G. K. Levi and M. Faldini, the presence of 
10 per cent, of either of these nndals in the platinum used in the catalytic prepara¬ 
tion of sulphur trioxide from dioxide and air causes a marked diminution in the 
yield, probably owing to the ability of rhodium and iridium to form moderately 
stable oxide.s, especially sesquioxides ; osmium produces a similar but less pro¬ 
nounced effect, wliereas palladium or ruthenium in the same ])roportiou increases 
the yield. A. Classen patented the use of ferroehromiuin, ferrovanadium, ferro- 
molybdenuin, ferrosilicon-mangaiu'se, and feTrosilicon-aluininium ; these alloys 
were found to be supc'rior to manganese and tungsten. F. A. Fahrenwald said 
that alloys of silver or gold with platinum or molybdenum are active enough to be 
of technical importance. The Ellis Forster Co. propost'd the use of mixture.^ of 
selenium and tellurium as catalytic agents. 

The use of ferric oxide has ])layed an important part in the manufacture of 
sulphur trioxidc by the contai t })roe(*ss; it is much inferior to platinum. Thus, 
R. Knietsch found that at about r)r>0\ wlnm (>-5 grm. of platinum is converting 3 U 
litres of gas ])er minute to the exfcmt of about 70 per cent., a much larger amount 
of ferric oxide can convert only half a litre of gas per minute to the extent of 46 per 
cent. The use of ferric oxide as a catalytic agent was investigated by G. Lunge 
and co-workers. They found that the'percentage conversion was not much afTected 
by changing the concentration from 2 to 12 per cent., but with higher concentra¬ 
tions the yield was reduced. The mixture of gases should bo dried by cone, 
sulphuric acid. If moisture be present, the activity of the catalyst is reduced : 
the moisture adsorbed when ferric oxide is exposed to air also renders the catalyst 
less active. The more intense drying by phosphorus pontoxide was shown by 
E. J. Russell and N. Smith, and F. W. Kuster to be harmful. The addition of copper 
o.xido was found to be favourable to the conversion. Any arsenic trioxide })resent 
in the snljdiur dioxide, produced, say, by the roasting of pyrites, is retained by the 
heated ferric oxide, and the presence of the arsenic oxide makes the catalyst more 
efficient. A 70 per cent, yield could be obtained at 625 "' by the use of ferric arsenate 
as a catalyst; and arsenic pentoxide alone acts as a catalyst with an optimum 
temp, of 675 \ The so-called promoter action or the activation of catalysts W'as 
.^tufliecl by It. N. Pease and TI. S. Taylor. E. Berl, and K. Reinhardt studied the 
activity oC arsenic pontoxide as a catalyst, and found \\ to be comparable with that 
of ferric o\i<lo or of vanadium oxide. The action of bTiic o.xid<' ns a catal5'st is 
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pt*rcvptible at* 4(.K>^ ; ))elow 000 , ihv ft*rric oxide has only a slight activity, and 
above 620', the activity dccreast'd. The optiniiun temp, is between 600® and 
020®: and th(‘re is then a])proxiinate]y a 70 per cent", conversion. In practice, 
however, a (Mmversiou of 40 per cent, with a Imrner gas containing 5-7 per cent, 
of sul[)liur dioxide is considered to be a good n‘su]t; but, according to F. Haber, 
it is dou])tful if the equilibrium yii'ld has over been attained because a long contact 
with the catalyst is iieede<l for equilibrium. (1. Ke])]>eler and J. d’Ans found the 
(q)tiiuum temp, to be 620° for a mixture containing 2 ]>er cent, of SO 2 , and there 
was a 72*5 per cent. yi<dd ; with H per c(‘nt. the ojdimum temp, was 640® ; 
with 4 per cent., 650'; and with 7 ]H‘r ctmt., 665®. The yields in the last two cases 
weri' respectively 650 and 53*2 piT (enl. A number of attempts have been made 
to improve the catalytic activity of fon ic oxub*. 'Fhus, K. Albert heated a mixture 
of ferric oxide with oxide of barium or strontium. The catalysis begins at 400®, 
and gives a 94 ])er cent, emnersion at 150’; nor is the product so sensitive to 
moisture as ferric oxide alone. 

The catalytic action of ferri(‘ oxide has been ex])lained by assuming that ferric 
sulphate or a basic ferric suljihatc* is alternately formed and decomposed, since 
ferric sulphate decomposes in the same tiuup. range as ferric oxide is active as a 
catalyst: 2 Fe 203 -f 6S0o-(-302Fe2(804)3 ; FegOa+SSOg. G, Kep- 

peler and J. d’Ans measured tlie partial ]>ress. of the trioxide produced by the 
dissociation of ferric sulyihate. Ferric oxide begins to absorb both sulphur dioxide 
and oxygen at 230\ and is rapid enough at to enable the equilibrium conditions 
to be det(Tmiued. It was shown that the cone, of the sulphur trioxide is always 
higher than that corresponding with the ecpiilibrium value for the dissociating 
ferric sulphate ; this means that sulphur trioxidi^ forms first and combines after¬ 
wards. Below 64()\ the rate of formation of the trioxide is far greater than the 
rate of formation of the sulphate ; and sulphur dioxide does not act on ferric oxide 
below 6(X)®, and at higher temp., the reaction is very slow. On the other hand, 
the gas is adsorbed by the ferric oxide to about the same extent as with platinum. 
Hence, they concluded that the chemical transformation of ferric oxide to a sulphate 
has very little to do with its catalytic action. It was therefore assumed that the 
catalytic activity of ferric oxide is connected with adsoryition as in the analogous 
case with platinum. F, Wohler and co-workers, and W. Pluddemann and co- 
workers found that the catalytic activities of the oxides of iron, chromium, copper, 
aluminium, cerium, thorium, silicon, and titanium are proportional to their capaci¬ 
ties for adsorption. E. Berl arrived at a similar conclusion with respect to the 
catalytic activity of arsenic pentoxide. K, Reinhardt also studied the catalytic 
activities of ferric, arsenic, and cojiper oxides, and of glass, porcelain, and quartz 
on the oxidation of sulphur dioxide by air. 

The use of chromium oxide as a catalyst was examined by F. Wohler, and 
F. Mahla in 1852 ; and it was the subject of a patent by A. C. Matignon and fellow- 
workers in 1908. The oxide is to be made jiurous by calcining a compound like 
ammonium dichromate, chromium nitrate*, or chromium oxide mixed with some 
substance from wliicb a gas is evolved—antimony trichforide or stannic chloride. 
The temp, required with chromium oxide ranges from 420® to 630®, Patents were 
al.su obtained by the Ellis Forster (‘o., and B. Lambert. 

A number of patents liave been obtained for the use of vanadium oxide as a 
( atalytic agent, in the hope of obtaining a catalyst insensible to arsenical poison¬ 
ing.' The Hdelmt Co. claimed a 84 jier cent, conversion at 465® with asbestos 
impregnated with ammonium vanadate and ignited. The Baclisclic Anilin- und 
Sodafabrik obtained a number of patents for the use of vanarlium pentoxide on an 
indifferent carrier-say pumice-stone. The General Chemical Co. impregnated 
kieselgubr; W. A. Patrick and E. B. Miller, A. O. Jager, silica gel with colloidal 
metals Pt, he, Ag, Mn, Cu, (*o—or nickel vanadate; and A. O. Jager and 
J. A. liertseh. zeolites wilh the vanadate. The Conidelon ('o. used iron vanadates ; 

L. F. Ni('k(‘ll, vaiiudiiim'siJieatcs ; and the F. Jbiyer C’o., silver vanadate. It is said 
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that silver or silver oxide alone has very little action; and that the vanadates of 
copper, cobalt, manganese, and of several other metals are less aoti\'e than vanadium 
pentoxide. It is therefore remarkable that silver vanadate should give a theo¬ 
retical conversion at 520®. The presence of sodium or potassium salts is said by the 
Badische Anilin- und Sodafabrik to protect the catalyst from deterioration. The 
Selden Co, found that vanadium pentoxide operates most efficiently as an oxidizing 
catalyst if it has been previously heated to 500° so as to make it denser and 
more crystalline, or even melted at about 660°. According to F. W. Kiister, 
platinum, vanadium pentoxide, and ferric oxide induce for equal temp, the same 
state of equilibrium between sulphur dioxide, oxygen, and sulphur trioxide. 
Platinum is the most effective of the three catalysts mentioned, and is the only one of 
technical importance. Water has considerable influence on the catal}iiic activity of 
ferric oxide and vanadium jientoxide. Vanadium pentoxide is not so sensitive as 
ferric oxide to the deleterious effects of arsenic trioxide. P. Farup recommended 
ilmenite as catalyst; it is said to give better results than artificial mixtures of iron 
and titanium oxides. V. Holbing and H. Ditz recommended cerium oxide and 
mixtures of rare earths. R. Bohm said that heating the sulphates between 700° and 
1000 ° improves their activity. The Compagnie Parisienne de Couleurs d’Aniline 
recommended asbestos soaked in phosphoric acid ; and M. Bouhard and M. Loyer, 
oxides of metals of the tantalum group. L. Wolkoff observed that selenium accele¬ 
rates the oxidation of sulphur to sulphur trioxide. 

The history of the subject has been discussed by F. Winteler, the Badische 
Anilin- und So^fabrik, R. Knietsch, W. Grillo, M. Feigensohn, R. Messol, F. D. Miles 
etc. Apparatus for demonstrating the reaction 2802 + 00=2803 has been devised 
by C. Winkler, G. B. Frankforter and F. C. Frary, W. R. Hodgkinson and 
F. K. Lowndes, J. Lang, etc. The efficiency of different catalysts was discussed by 
B. Neumann and co-workers. 

According to J. J. Berzelius,® if fuming sulphuric acid be heated in a retort 
with the neck dipping into a dry receiver, cooled with ice, sulphur trioxide first 
passes over ; and this is followed by its monohj^rate, H 2 SO 4 , so that the receiver 
must be changed after a while. The retort is best heated from the sides to avoid 
bumping, or, according to G. Osann, a spirally wound platinum wire should dip 
in the acid. A. C. Schultz-Sellack said that the product is contaminated with 
sulphur dioxide, which can be removed only by heating the trioxide for a long time. 
L. C. A. Barrcswil, and H. S. Evans prepared the trioxide by heating cone, sulijhuric 
acid with phosphorus pentoxide ; and A. Nobel and G. Fehrenbach, by heating 
the cone, acid with cone, phosphoric acid, or by passing the vapour of sulphuric 
acid over a large surface of phosphoric acid. 

N. Lemery prepared the trioxide by the dry distillation of ferric sulphate: 
Fe 2 (S 04 ) 3 =Fe 203 + 3 S 03 ; T. Graham, by heating to redness antimony or bismuth 
sulphate in a retort.; and A. Schubert, and R. W. Hill, by heating sulphates or 
hydrosulphates under reduced press, J. J. Berzelius, and P. G. Prelier heated to 
dull redness a mixture of 3 parts of dry sodium sulphate and 2 parts of cone, 
sulphuric acid. When the mixture ceases to boil, it is cooled, pulverized, and 
then heated in a })orcelain retort, when the trioxide is formed in brittle, tabular 
masses. W. Wolters obtained the trioxide by heating sodium pyrosulphate with 
anhydrous magnesium sulphate, or with cone, sulphuric acid : Na 2 S 207 +H 2 S 04 
- 2 NaHS 04 +S 03 . 

W. Odling and F. A. Abel obtained the trioxid(‘ by heating sulphuryl chloride 
with silver sulphate : Ag 2 S 04 +S 02 Cl 2 = 2 AgCl+ 2 S 03 or 802 ( 804 ). O. von Gruber 
treated lead chamber crystals with sulphiur dioxide and dry air or oxygen. V. Rago- 
sine and P. Dworkowitseh obtained the trioxide from the sulphuric acid residues 
in the purification of naphtha by mixing it with a metal oxide ; heating the product 
until it solidifies ; and passing dry air over the solid residue at 300®--500°. R. Weber 
purificil the trioxide by rejieatcd distillation in a bent glass tube ; and warming 
it or 7 lirs. over ]>)M»si>horuH pentoxu1<‘ to remov(' th<’ hydrate. It is tlien heated 
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until it hab almost all moltod, and the liquid jxnircd off from tl»f' ])or<ion8 still 
remaining solid. 

According to J. C. G. d(^ Marignac,^ when sulpliur trioxide is melted at 18^^ in 
a sealed tube a portion of the compound doe-s not fuse until the tcmip. is raised to 
near If the liquid be frozen and again melted a still greater proportion remains 
solid above IB*^. According to A. Smits and P. Schoenmakcr, it appears that 
sulphur trioxide can exist in three modiJicnUons ismneriques—the ice-like form 
nifdts easily at about 16*8'^ at 158*5 mm. press. ; the incompletely dried, asbestos- 
like trioxidc melts at 32*5'' at 398 mm. mercury ]>ress.; and the completely dried, 
asbestos-like trioxide, at 62*2'' and 1743 mm. press .—vide infra^ Fig. 76. It is 
assumed that the difference observed by A. Bussy, and (1. F. Wach in the m.p. 
of sulphur trioxide—respectively 25'' and KX)"'—is explained by the existence of 
these two allotropic varieties. The fusible variety or the ice-like form is now 
called a-SUlphur Moxide» the incoraphdely dried, low-melting, asbestos-like form, 
^-sulphur trioxide ; and the thoroughly dried, high-melting, asbestos-like form, 
y-sulphur trioxide. These results were confirmed by A. Schiiltz-Sellack. On 
the other hand, K. Weber, and H. Rebs denied the existence of two forms, since, 
in the absence of moi.sture, they were unable to prepare the jS-trioxide. Th(* 
^-form w^as obtained by H. Rebs by contact of molten a-trioxide with moist air; 
although G. Oddo said that it can be obtained by keeping the a-form in a molten 
<‘onditi()n while protected from moisture, and lie obtained different mol. w’ts. for 
the two forms when dissolved in phosphoryl chloride, but. D. M. Lichty could not 
confirm tliis. D. M. Lichty, and R. ^hcnck considered that the variation in the 
thermal ex})ansion with temp .—vide infra —agreed with the existence of unusual 
changes in th(‘ nature of sulphur trioxide. A. Berthoud found that if moisture be 
rigorously excluded from the a-trioxide it does not form a second variety. He 
said that the alleged ^-trioxide is probably a hydrated form of the trioxide wdiicli 
ow'cs its existence to its containing not more than one mol of water to KXX) mols 
of the trioxide. H. B. Baker observed that drying the a- and ^-forms of the trioxidc 
for 20 years lowered the .sliglftly. Again, M. le Blanc and C. Ruble found that 
when sulphur trioxide is jiroduced from sulphur dioxide and oxygen by exposure 
to light w hile under reduced press., the gaseous trioxide first formed gradually fur¬ 
nishes t he solid trioxide. If solid sulphur trioxide be warmed to 17" part of it melts, 
and with a repetition, the proportion remaining solid above 17*^ continually increases. 
Four modifications, a, fe, c, d, having vap. press, increasing in the order given, are 
de.scribed : a, of m p. 95''-](K)'', i.s obtaine<l }>y condon.sation of the vap. in the 
form of needles or delicate membranes ; 5, m.p. 31", is formed as a tough white 
mass hy condensation at 0", the generating vessel being at 6'^-7" ; r, at 16*8" ; and 
d, at a lowTr temp. Owing to the general instability of these modifications lio 
separate vap. press. cur\es could be determined. These results were discussed by 
A. Smits and co-w orkers. They studied the irregular behaviour of the trioxide with re¬ 
spect to it.s m.p. and vaji. pre.ss. By drying the ice-form over phosphorus [)entoxide, 
NO that the velocity of transformation is small, after Ireeping it for 56 hr.M. at 
l8the vap. jircs.s. at 0" had diminished by 71*4 mm., and by distillation the va)>. 
pre^s. could be changed continuously from an initial value of 207 mm. to a final value 
of 22 mra. at 0". As the vap. press, diminished the initial m.p. first rose and then fell. 
All these different solid phases belong to the ice-form, since they give melting ranges 
falling on the continuous three-phase line corres|^ndmg with the equilibrium, 
solid-liquid-vapour, for a dissociable comiK)und. This can be explained by A, Smit’s 
theory of allotropy by assuming that the system, sulphur trioxidc, is composed of 
at least two different kinds of molecules, a and w hich not only change each into 

the other, but also form a <lissociable compound aj3. After intensive drying, 
equilibrium is reached only slowly. Wh<*n behaving as a unary system, the ice- 
form of sulphur trioxidc is a little riclier in the more volatile pseudo-componenl 
than the. dissociable com]>ound. A second inctaslable form, the low-melting 
a.^bestos form, ami the stable or Jiigli-mcltiiig asbestos f(»rm. show similar pbeno- 
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mena. The theory was discussed by G. N, Lewis, S. B. Mali, A. Smits and 
P. Schoenmaker, and J. W. Smith. 

According to A. Bussy, the liquid trioxide resembles sulphuric acid, and when 
pure it is colourless, but is often coloured brown by organic matter. The liquifl 
freezes to a mass of colourless, needle-like crystals when cooled below 15^; and, 
added R. Weber, if free from water, the crystals can be kept many years and 
remelted without leaving a solid residue. J. 0. G. de Mangnac said that if tie* 
crystals be melted a number of times, the m.p. gradually changes owing to th(‘ trans¬ 
formation of a- and ^-sulphur trioxide. The j3-form occurs as an opaque, colour¬ 
less mass of needlo-like crystals which has the appearance of asbestos. L. B. G. de 
Morveau found that the specific gravity of ordinary solid sulphur trioxide is 
at 13"; A. von Baumgartner, 1-975; H. L. Buff, 1-90814~1-92118 at 25", 
t). 0. G. de Marigiiac, 1-9086 at 20"; R. Weber, 1-940 at 16"; and Ti. Nasun, 
1-9365 at 20". G. Oddo gave 1*97 for the sp. gr. of the jS-trioxide at 20 . For 
the liquid, A. Bussy gave 1-97 at 20"; and H. L. Buff, 1-8101-1-81958 at 47 . 
R. Schenck gave 1-914 at II" ; 1-849 at 35-3" ; 1-718 at 60-4" ; 1-626 at 78-3' ; 
1-617 at 80-3 ; and 1*529 at ]() 0 ". T). M. Lichty found for the sp. gr. referred to 

at 1 " ‘ 


Sp. gr. . 

U 8 

1 9457 

JD** 

1-9422 

20'’ 

1-9220 

26” 

1-9020 

30* 

1-8798 

35* 

1-8509 

40" 

1-8324 

48' 

1 7921 

A. B<‘rthoud 

gave 








8p.gr. . 

20“" 

1 0255 

25” 

1-9040 

80* 

1-8819 

35* 

1-8588 

40* 

1-8335 

45" 

1-8090 

50* 

1-7812 

55* 

1-7552 


and for the density of the liquid, Z>|, and of the vapour 

98 741" 130 5" 154 0^ 182 6*’ 192 7’" 205 3" 2i2 1" 214 3" 

D, . 1-541 1-421 1-326 M82 1 111 1-006 0 921 0901 

D . . 0 023 0 047 0-071 0-148 0-194 0-271 0 333 0 365 
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The results are plotted in Fig. 75, apd they show that at the critical tiun])., 218-3 , 
the density is 0*633. E. Rabinowitsch gave 44*5 for the mol. vol. 1). Balareff 
studied this subject. N. S. Kurnakoff discussed 
the spatial relations of the atoms in sulphur 
trioxide. A. C. Schultz-Sellack found the vapour 
density to be 2-74 -2*76 when the calculated value 
for 8 O 3 is 2-76 air unity. E. P. Perman found 
40-9 at 22-1" and 56*7 mm. x>ress. hydrogen, 
unity; 39*2 at 22-7" and 40-5 mm.: and 40 at 
22 - 8 " and 22-1 mm. press, when the theoretical 
value for SO 3 is 40-03. G. Oddo and A. Casaliiio 
found that both forms gave the same vap. density. 

For the thermal dissociation of the trioxide 
vapour, vide supra. G. Oddo observed that the 
molecular weight calculated from the effect of the a-trioxi(Jc on the f.p. of 
phosphoryl chloride agrees with the formula SO 3 , but the jS-trioxide has a mol. 
wt. in agreement with S 2 O 5 . D. M. Lichty, however, obtained a result in agreement 
with SO 3 for both forms. G. Oddo and A. Casalino obtained results in agreement 
with SOs for the one form and ( 803)2 for the other form from cryoscopic observa¬ 
tions of soln. in the complex compound SO 3 . 2 POCI 3 . A. Berthoud found the 
surface tensioil of the liquid trioxide at 19", 44-9", and 78" to be respectively 34*17, 
29*17, and 22*63 dynes per cm.; and the mol. surface energy, a(Mv)^, respectively 
409*5, 370*2, and 303*9 ergs per cm. The corresponding constant averages 1-79 
between 19" and 78". The coell. is thus rather lower than the value 2*1 
characteristic of normal liquids. 

R. Schenck obtained 0*0023 for the coeff. of thermal expansion (cubical) between 
11*0" and 36*3" ; 0*0030 between 35*3" and 60*4"; 0.0031 between 60*4" and 78*3" ; 
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and 0 0028 botwoeii TS-S"" and 80-3 , and 80-3° and 100 . D M Licldy obtaiao<l 
for the coeff. /3 x 10®, 

11 8® 15“ 20“ 115" 30“ 35“ 40 45 4^ 

fix 10^ . 0(}7(j 2 005 2 204 2-363 2-466 2-071 2 754 2 805 

for the range 11-8° to 35°, ^—(>002066 ; and for the range 25°-48', P O'iXj20G5. 
R. Schenck said that the a-trioxide attains a constant vol. at 35-3 \ (tv slowly 
whether approached from a higher or a lower temp. This is ascribed to the slow¬ 
ness of the molecular chang<‘. D. M. Lichty said that an unusual change does 
occur with the a-trioxide as its temp, rises ; this is shown by the rai)id increase in 
its coeff. of expansion, and the consequent rapid decrease in its s]). gr. The most 
rapid change occurs between 15° and 20°; and the successive increments show a 
decreasing value with rise of temp. A. Berthoud observed no marked irregularities 
for the coeff, of thermal expansion : 

20“ 25* 30“ 35“ 40“ 45“ 50“ 

jS.-lO^ . 2 23 2 30 2 41 2 03 2-75 2-88 2-80 

J. (’. (}. dr Marigiiae gave' ir)"-18° for the melting point of the a-trioxide ; 
F. i\ Vogel, 12°- 19" ; N. \V. Fischer, 22°-24" ; A. Bussy, 25" ; H. L, Buff, 29*5° ; 
H. Robs, 14-8"; K. Knietsch, 17*7 ; 1). M. Lichty, 16*79°; and A. Berthoud, 
16*85°. J. (r. dr Marignac, and (L F. Wach gave 100° for the m.p. of the 
trioxide ; while G. Oddo said that it begins to decompose slowly at 50° and rapidly 
passes into tiie a-fonii at IW. il B. BakiT found that suljihur trioxide, dried for 
20 years over phosjihorus ])entoxide, had a m p. of 61*5°, and a-sulphur trioxide, 
15*5° ; while the corres}>onding values for material not specially dried were 50° 
and 14*4 \ A. Siiiits and P, Schoeiimaker gave 16*8° at 158*5 mm. press, for the 
m.p. or triple })oint of a-trioxide ; 32*5° at 398 mm. for the ^-trioxide ; and 62*2° 
at 1743 mm. for the y-trioxide. G. Oddo found that the ^-trioxide begins to give 
off sulphur trioxide vapour at about 50° ; and J. C. G. de Marignac said that the 
a-trioxide volatilizes very rapidly at 100°. A. C. Schultz-Sellack found the vapour 
pressure of the a-trioxide to be 2(X) ram, at 20°. A. Berthoud gave for the vap. 
press., p mm., 

24“ 30 45“ 30 0“ 41-4“ 42 2“ 43 68“ 45-4“ 47-8® 

p . 240-5 352-0 500 0 643-7 678-0 726-5 793 8 887-2 

and the results can be represented by the curve log p=10*l7—2314T'“i, At higher 
temp., the vap. press., p atm., are : 

98-2“ 134-5" 179-9“ 192 6“ 205-4 211 3 216-9 218 8 

p . 9-2 18-7 43-9 55-2 66-9 73-5 80-4 84 0 

A. Smits and P. Schoeiimaker found the vap. press., p mm., of liquid sulphur 
trioxide in internal equilibrium to be : 

17-6“ 25 3“ 35 0“ 49 75“ 27 1“ 65-4“ 740“ 80-9“ 90 2“ 

p . 166-4 270-4 4tK)-7 977-2 1377-2 2041-0 2964-0 3985-5 5794 0 mm. 

For the ice-like solid, a-trioxide they gave 43*5 mm. at 0*15°; 66*0 mm. at 5° ; 
98*2 mm. at 10*2 ; and 144*4 mm. at 15*5°. For ^-trioxide, they gave 33 mm. at 
0*2° ; 49*2 mm. at 5*1° ; 72*3 mm. at 10*1° ; 106*6 mm. at 15*0° ; 162*8 mm. at 
20*25°; 230*1 mm. at 24*85°; and 334*1 mm. at 30*3°; and for the y-trioxide 
120 mm. at 30°; 290 mm. at 40°; and 650 mm. at 50°. In Pig. 76, BCDE repre¬ 
sents the vap. press, curve of liquid sulphur trioxide in equilibrium : AB, the 
vap. press, of the ice-like a-trioxide in “inner’’ equilibrium ; A'C, the vap. press, 
line of the low-melting, asbestos-like j3-tnoxide in inner ” equilibrium; and A^'B, 
the vap. press, line of the high-melting, asbestos-like y-trioxide. B denotes the m.p. 
of the a-trioxide; 0, that of the j8-trioxide; and D, that of the y-trioxide. The 
curve effB represents the vap. press, of the pseudo-system for the coexistence of 
mixed crystals containing a-trioxide; gAC, for the pseudo-system containing 
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/3-trioxide ; and hDk, for the pseudo-system containing y-trioxide. Tlio X-radio- 
grams of the dilBferent forms were found by A. Smits and P. Schoenmakcr to be 
identical, indicating that the X-rays quickly transfer the metastable forms into the 
stable form. The vap. press, of sulphur trioxide was discussed in connection with 
fuming sulpliuric acid—vide ii^tfra. A. Purgotti discussed the sublimation of 
sulphur dioxide. A. C. Schultz-Sellack gave for the boiling point at 7 r>() mm. ; 
H. L. Buff, 46"“47^' ; N. W. Fischer, r)2‘^~5G'; K. Mitscherlieh, 35 ; and K. VV^e]>er, 
46*2'^ at 761*6 mm. A. Berihoud obtained by interpolation from liis \aj). pr'hs. 
measurements 44*52° for the b.p. at 760 mm.*; and D. iM. Li(*hty gave 11 - 88 ' at 
760 mm.; A. Smits and P. Schoenmaker gave 44*8° for the b.p. of a-trioxide at 
760 mm, H. M. Vernon found that the b.p. agrees with the assum])tion that tlie 
mol, formula is simply SO 3 , R. Hchenek gave 216° for tlui critical temperature ; 
and A. Berthoud, 218*3° for the critical temp.; 83-8 aim. for the critical pressure ; 
and 0*633 for the critical density. M. Prud'honime studied some relations between 
the critical temp. The heat ol vaporization is 10-3 Cals, per mol. ; M. Berthelot 
gave 11*8 (;)als. at 18° for the heat of vaporization of the solid trioxide. A. W. Porter 
calculated for the heat of vaporization 9-00 (’als. at 90° ; 9*36 C’als. at 10 °; 9*60 
Cab. at 20° ; and 9*71 Cals, at 0° for the liquid trioxide. Subtracting the inter¬ 
polated value for the liquid at 18° from 
M. BertheloCs value for the solid, furm 8 h(\s 2-2 
Cals, per mol for the heat ol fusion ; II. Giran 
gave 1*9 Cals. A. Smits and P. Schoenmaker 
gave 1-8 Cals, for the mol, latent heat of fusion 
of the a-trioxide; and 2*9 Cals, for the /3-trioxide; 
and 6*2 Cals, for the y-trioxide ; and H, Giran 
gave 9*49 cals, per gram for the liquid trioxide, 
and 11*39 Cals, for the solid trioxide. A. Smith 
and P. Schoenmaker gave 10*1 Cals, for the mol. 
latent heat of vaporization; 11*9 Cals, for the 
rnol. heat of sublimation a-trioxide; 13*0 Cals, 
for that of j 8 -trioxide; and 16*3 Cals, for 
y-trioxide. A, Berthoud found that Trouton^S 
constant, 32*5, is abnormal; and H. Giran said 
that the value for Trouton’s constant points to 
a commencement of polymerization during lique¬ 
faction. A. Berthoud found that the constant, 

/, in the formula log falls 

irregularly from 3*66 at 34° to 3*29 at 180°, 
indicating that the molecules of the liquid are associated; the constant / iu log 
is 7*41 at 24° and corresponds with a mol. association 
which decreases rapidly with rise of temp. The J. D. van der Waals^ constant 
a~ 0-01629, and 6=0*002684. At the critical temp., the molecule is nearly normal, 
with association absent. 

J. Thomsen gave for the heat of formation, (S,30)=103*23 Cals.; and 
(802,0)=32*16 Cals.; H. Hess gave (802,0)=22*6 Cals. M. Berthelot gave 
(S,30)=103*6 Cals, for the liquid trioxide, 111*6 Cals, for the solid, and 149*4 for the 
aq. soln. J. Thomsen said that on mixing a mol of sulphur trioxide with an indefi¬ 
nitely large proportion of water, 38*88 Cals, of heat are developed ; H. Hess said 
*i0*4 Cals.; and M. Berthelot, 36 to 40 Cals. J. Thomsen gave (SOsuquicijlOOOHoO) 
—39*17 Cals.; and M. Berthelot, (S 03 gaH»H 20 ,Aq.)= 49*2 Cals.; and 
(S 03 .*ohd,H 20 goiid)=l^*B Cals .—vide mfra, sulphuric acid. He also found 
(S02,0)=34*2 Cals, for the solid trioxide‘and (S02,0)=22*6 Cals, for the gas. 
G. Bodlander and K. von KSppen calculated from the equilibrium constant, 
{S02,0)=!26*3 Cals, at constant press, between 515° and 610° ; 31*2 Cals, between 
610° and 650°—^but the results are probably affected by some error. M. Bodenstein 
and B. Pohl calculated from the equilibrium constant <?|>=22'8 Cals, between 528° 
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Fig. 76. —The Vapour Pressure 
Curves of Sulphur Trioxide, 
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and 680° ; 22-7 Cals, between 627'' and 789° ; and 22-6 Cals, between 727° and 897°. 
The heat of soln. is discussed in connection witli sulplinnc arid—vide ivjut. 
R. Lucas calculated for the freeenergyt 18 . 840 —ll-17'+2'292 log K,,. 

According to R. Nasini, the index o! refraction of the a-trioxide at 20 for the 
red hydrogen line, Ha. is 1-4077 ; for the green hydrogen line, Hfl, 1-41484; and tor 
the vei:. V sodium line, 1-4096.5. The refractory power ealculated from the 
li-formula is 0-21053, and fromthe/:t--formula,0-12731. The molecolM r®fr^ 

for the Ha'line and the u-forniula IS 16 -IH, and with the ^—formula, 10-18. L. u i 

bertson and E. P. Metcalfe gave 1-00737 for the index of refraction of the vajpur ot 

sulphur trioxide for light of wave-length A 0-589^.^ The additive value is 
R. Robl observed no fluorescence occurs in ultra-violet light. j. .. r 

G. Magnus, and L. Bleekrode found that the electneal conductivi^ of the 
a-trioxide is very small. A. Geiither showed that liquid sulphur trioxide is not 
tlocomposed by the electric current, but if dissolved in cone, sulphuric an , ox}^n 
is given off at the anode, and a blue soln. of sulphur is formed at the cathode. 
P. Walden said that liquid sulphur trioxide has no ionizing power as a solvent. 
H. Schlundt gavi- 3-64 for the dielectric constant at 19°. P. Pascal gave 

0-30 X10-« for the nuignetic susceptibility of the trioxide at 19°. 

The a- and R-modificat ions of sulphur trioxide exhibit in general the saine 
chemical behaviour, although, as G. Oddo^ has show-n, the ^-form is not so active 
as the a-form. In many cases, sulphur trioxide acts as a strong oxidizing agent and 
is at the same time reduced to sulphur dioxide. According to M. Beithelot, when a 
mixture of sulphur trioxide and oxygen is exposed to the silent discharge, sulphur 
heptoxide is formed. F. C. Vogel showed that sulphur trioxide unites vigorously 
with water, often explosively wit h the- evolution of light and heat. When immersed 
in water, the trioxide hisses like red-hot iron, and a mi;rture of 4 parts of the trioxide 
and one of water is completely vaporized and light is emitted at the Mine time. 
In air, sulphur trioxide give's white fumes because the vapour of the trioxide 
unites with the water vapour, forming sulphuric acid. P. S^tttzenberpr obteined 
red needles of (etranhijdrogulphatorhlorine monoxide, {S 0 s) 4 Cl 20 , by the acuon or 
yhlnrinft mon<«i dc Oil sulphur trioxide— vide infra. According to R. \V epr, 
and A. C. Schultz-Sellack, a series of anhydrosulpbates are fonn^ by the action 
of iodine on sulphur trioxide—fide infra. K. Knietsch, H. Kanpe^, aM 
R. Weber found that sulphur trioxide unites with dry iodine peotOXldfr-^ndc 
infra, sulphur oxyhalides. According to A. W. Williamson, cmonoe 

acts on sulphur trioxide, forming chlorosulphonic acid; while H. E. 

A. Michaelis, and F. Clausnizer observed that hydtobromic atad and nyonodic am 
arc oxidized respectively to bromine and iodine. H. Rose found thp sulphur 
trioxide is absorbed by alkali chlorid6S» and A. Ditto observed that when hca 
with sodium chloride, chlorine and sulphur dichloropentoxide are lormed. 
A. G. Schultz-SeUack added that the metal flnoridetl, cblorides, bl^d^ and 
iodides absorb sulphur trioxide—forming, in the last two cases, some bromine an 
iodine respectively. Complex salts are formed with so<lium chloride, po^mm 
chloride, silver chloride, and barium chloride. When those compouiias are liMted, 
sulphur trioxide is evolved, then some chlorine and sulphur dioiudc, while the 
sulphate remains behind. W. Traube also obtained a 'complex with ammonium 
chloride—nwie infra, the chloropyxosulphonates. 

According to R. Weber, sulphur trioxide unites with Stdphtw to form blp 
sulphur hemitrioxide; and A. C. Bchultz-Selkck said that some 8iil;^ur dioxide 
is formed. P. Borinsky also studied this reaction. A. Geuther found that 
metal BOlpbides —e.g. those of the alkalies, lead, and antimony ^are oxidized 
by sulphur trioxide, forming a sulphate and sulphur dioxide, or a blue win. of 
sulphur: while the sulphides of iron and copper are not attacked. The observa¬ 
tions of F. C. Vogel, G. F, Wach, H. Rose, N. W. Fischer, etc., on blue^phur have 
been previously discussed. H. Rose found that soljphlir inoiUKflltaEIMf ^ v , 
absorbs the vapour of sulphur trioxide, forming S2Cl2.5SOg —sulphur penianhydfo^^ 
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svl'pfuitochhr ide, H. Rose yliowed that sulpliiu* trioxide absorbs sulphur dioxi^ 
when })oth compounds are thoroughly dried by calcium chloride, and cooled to 0®, 
forming a complex approximating to sulphur dioxydianhsrdrosulphate* 2 SO 8 .SO 2 . 
Wiien the liquid })roduct is exposed to air, it evaporates rapidly, forming a thick 
(loud with the odour of sulphur dioxide, and leaving behind a trace of sulphuric acid. 
When kept a long lime it loses part of its sulphur dioxide ; it reacts violently with 
water, giving oil 8ul})hur dioxid(‘; and it absorbs aimiionia gas, forming a yellow 
[)rc)duct. A. C’. Schultz-Sellack, and U. Karl observed that H. Rose’s complex is only 
a mixtun*, for liquid sulphur di- and trioxides are miscible in all proportions ; if an 
excess of sulphur dioxide be present, nothing separates out on cooling, but a mixture 
of equal parts deposits the j8-trioxide which redissolves at ordinary temp. This 
mixture boils at 5'^ If an excess of sulphur trioxide be present, the liquid may 
solidify at ordinary temp. When sulphur trioxide is treat^ed with SUlphit6S> 
sulphates and sulphur dioxide are formed; and, added A. C. Schultz-Sellack, 
no thiosulphate is formed. H. 0. Schulze reported that the a-trioxide unites very 
energetically wu‘th sulphuric acid to form pjrrosulphuric acid, and that with the 
/3-trioxide the action is less energetic. R. Weber found that when sulphur trioxide 
and potassium sulphate are together heated in a sealed tube at 110^, two liquids 
are formed. The upper one is free sulphur trioxide, and the lower one, when cooled, 
forms potassium heptanhydridosulphatcmdphato^ K 2 SO 4 . 7 SO 3 . Similar results 
are obtained with the sulphates of ammonium, rubidium, csesium, and thalhum, 
but not with the sulphates of sodium, lithium, and silver. W. Traube said that 
the pcrsulphates form what he called perpyrosulphates (g.v.). According to 
R. Weber, P. Borinsky, and A. C. Schultz-Sellack, sulphur trioxide reacts with 
selenium, forming green selenium anhydrosulphato, SeS 03 , and with tellurium, 
to form red tellurium anhydrosulphate, TeSOs ; and uith selemum &Oxide thpe 
is formed selemum dioxyanhydrosulphate, SO 3 SeO.j; and tellurium dioxide 
forms teUuiium anhjnbosulphatotetroxide^ SOj/iTcO., studied by K. Vrba, 
J. J. Berzelius, G. Magnus, and D. Klein and J. Mor(*l. 

E. Berglund found that sulphur trioxide reacts with dry ammonia, forming 
imido- and amido-sulphoiiic acids According to F. Epliraim and H. lho~ 

trowsky, sulphur trioxid<* is immediately reduced to sulphur hemitrioxide by hydra¬ 
zine. A. Michaelis and 0. Schumann, R. Weber, A. Briining, and F. de la Provostaye 
described a complex (S 03 ) 2 N 208 , formed by the action of sulphur trioxide on nitric 
oxide or of sulphur dioxide on nitrogen peroxide. G. Karl also ]uepared the 
complexes 5S08,2N203, boiling at 302^-305^ and melting at 198"-2(X)"; and 
GSO 3 . 3 N 2 O 3 , boiling at 360° and melting at 217°- 230 . W. Manchot obtained the 
complex sulphur heminitrosyl trioxide, 2 SO 3 .NO, by the action of sulphur trioxide 
on nitric oxide at 60°. It darkens and softiuis at ; juelts at 215°~220° ; and 
boils at 275° and 715 mm. It is readily decomposed by water into sulphuric acid 
and nitric oxide ; it docs not relict with a soln. of ferrous or cupric sulphate in 
sulphuric acid ; it is decomposed by heat into sulphur dioxide and nitrogen peroxide, 
and at 200°~300° it may be prepared from these gases. A. Briining observed that 
with nitrosen peroxide, sulphur dioxide and crystals of nitroxyl sulphur tiioxide» 
SO 3 .NO 2 arc formed. G. Oddo and A. Casalino observed that with nitrogen 
peroxide, the complex 0 {S 02 . 0 .N 0)2 is formed. R. Weber also obtained nitroxyl 
sulphur trioxide, which when heated forms sulphur uittoxyl heptoxide, S 207 .N 02 * 
With nitric iM rfd, R. Weber said that the complex nitrogen hydrotetrasulphato- 
pentoiidet S03.N206.(H2S04)3, or else N 205 (S 03 ) 4 .H 20 , is formed. It was also 
de.scribed by G. Karl; it boils at 218°—220°, and melts at 124°-125°. A. C. Schultz- 
Sellack observed that with potassium nitrite and liquid sulphur trioxide, potaraum 
nitrofl^salj^iatet K(N 0 )S 04 , is formed. W. Traube said that with sodium 
nitrate> sodium nitroxyltrisulphonate (j'.v.) is formed. R. Weber observed 
that with nitrosyl chloride* there is formed the complex nitrosjd chloroan- 
hydioimlphate, NOCI. 8 O 3 * F. C. Vogel showed that phosphorus soon takes 
fire in the vapour of sulphur trioxide and there is formed a crust of 
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sulphur. H. Rose found that when phosphine is passed over sulphur trioxido 
at ordinary temp., sulphur dioxide and phosphorus pentoxide are formed, while 
G. Aime added that yellow fumes are evolved which condense as a yellow 
pow^ler, and next day a blue soln. of sulphur in sulphur trioxide is formed. 
R, H. Adie observed that phosphorus reacts with liquid sulphur trioxide, forming 
sulphur dioxide and phosphorus ditritanhydrosulphatotetroxide» 3 p 2 ^^ 4 - 2 S 03 . 
R. Weber, and R. H. Adie made some observations on tlie complexes formed with 
phosphorus pentoxide— tvde 8. 50 , 40 . R. H. Adie observed that with well- 
cooled phosphorous acid, sul{)hur trioxide forms sulphur dioxide and a com¬ 
plex salt of trianhydrosulphatophosphoiic add, H3PO4.3SO3. According to 
A. W. Williamson, and If. Schiff, phosphorus l^tachloride reacts with sul]>hur 
triogcide, forming sulphuryl chloride, but A. Michaelis did not agree. G. ( 3 ddo 
and A. Sconzo re})resented the reaction : S03+PCl5=- SOg-f Cl2+PO(l3 ; and witli 
(803)2, by 


[J;>S<Q>S POCl, 


o ^ 
Cl or 




Sulphur trioxiide oxidizes phosphorus trichloride to jihosphoryl chloride. Sulphur 
trioxide (a- and p-) forms isomorphous mixtures with phosphoryl chloride. G. Oddo 
and A. Casalino studied the products of distillation of various mixtures and obtained 
distillates of intermediate composition. The f.p. curve, Fig. 77 , has eutectics at 
22 ° with 14*9 per cent, of SO3, and at — 41 - 4 ° with 33 per cent. There is a 
maximum at - 16 * 62 ° corresponding with the formation 
of SO3.2POCI3, diphosphoryl anhydrosulphato-hexa- 
chloride. They used it as a cryoscopic solvent for mol. 
wt. determinations of SO20l2,0rO2Cl2, POCI3SO3,(803)2, 
etc. B. Kosmann, F. Reich, R. Weber, R. H. Adie, and 
A. Staveiihagen made some observations on the com¬ 
plexes formed with arsenic trioxida^t'/de 8. 51 , 37 . 
These complexes include AS2O3.SO3; A82O3.2SO3; 

AS2O3.3SO3 ; AS2O3.4SO3; A82O3.6SO3; and Ab208.8S0s ; 
while R. Braudes, E. Peligot, J. A. Arfvedson, 
C. A. Schultz-Sellack, W. P. Dexter, and R. H. Adie 
obtained analogous complexes with antimony trioxide 
The complexes with bismuth oxide are usually regarded 
as basic sulphates. These complexes were studied by T. Poleck, A. Bon, A. Ditto, 
J. J. Berzelius and P. Lagcrhjelni, A. C. Schultz-Sellack, C. Hen8gen,and W. Heintz. 
The compleps with vanadium pentoxide, or the basic sulphates, were studied by 
J. J. Berzelius, L. Miinzig, B. W. Gerland, J. Fritzsche, A. Ditte, and W^ Prandtl; 
those of columbium pentoxide, by H. Ros^ ; and those of pentoxide, by 

R. Hermann. 

R, F. d’Arcy, A. C. Schultz-Sellack, G. Karl, A. Mertz, M. Levi and L. F. Gilbert, 
A. GeMznoff, and G. Gustavson made observations on the complexes formed 
with boron trioxide —vide 4. 32 , 26 . G. Gustavson represented the reaction 
with boron trichloride: 2BCI3+4SO8-3SO2CI2+B2O3.SO3, and with boron 
tribromide, bromine, sulphur dioxide, and the complex B2O3.SO3 were formed. 
H. E. Armstrong represented the reaction with carbon di^phide, SO3+CS2 
=S-f*S02~fC0S. P. Schiitzenberger, H, E. Armstrong, and R. Gerstl discussed 
the reaction with carbon tetrachloride : CCl4+2S03=-C0Cl2-fS206Cl2. G. Oddo 
and A. Sconzo found that the reaction is unimblecular, with the velocity constant, 
^= 0 * 0001447 , and therefore in accord with the assumption that an inter¬ 
mediate complex is first formed: SO8+C0l4=Cl~SO2-O.CCL, foUowed by 
Cl.S02-0CCl3+803=Cl.S02.0.S02.Cl-f 00 ( 38 ; or else the intermediate com¬ 
pound is Cl.S02.0.CCl2.0.S02.Cl=::C0Cl2-f CLS02.0.S02.a. A. a Schultz-Sellack 
found that meixmrie cyanide is decomposed by sulphur trioxide. A. W. Hofmann 
and G. B. Buckton, P. Eitner, B. von Barth and C. Senhofer, A. Pinner and F. Klein, 



Fig, 77.—Froezing pomt 
Curve of the System : 
SOj-POCl,. 


excepting Sb203.6S02. 
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F. Uumpert, P. Krafft, A. Engelliardt, etc., wtudied the action of sulphur dioxide 
on nitriles. G. Karl discussed numerous mixed anhydrides of suljdiur trioxide and 
organic anhydrides. H. N. Beilby noticed that sulphur trioxide attacks glass in the 
proximity of heated platinum. P. Hautefeuille and P. Margottot, K. Huttner, and 
C. Friedel and A. Ladenburg studied complexes with silica ; A. Mertz, M. Blondel 
and H. Rose, complexes with titania ; P. Hautefeuille and J. Margott(‘t, complexes 
with ziroonia ; J. M. van Bemmelcn, complexes with germania ; and R. Laurence, 
and J. V. Kraskowitz, com})lexe 8 with stannic oxide. 

According to G. Oddo, and H. B. Baker, dry sulphur trioxide does not attack 
the dried me tals or the metal OXides ; B. Bizio also reported that, at onlinary temp., 
the vapour of the trioxide does not act on copper, silver, zinc, mercury, tin, lead, 
or iron. F. C. Vogel showed that warm mercury is attacked by sulphur trioxide, 
forming sulphur dioxide and mercuric sulphate; and A. d’Heureuse, that at a 
red-heat, zinc or iron forms the metal sulphide and oxide ; C. Bruckner observed 
that with red-hot magnesium powder, analogous products are obtained. I. Walz 
showed that sodium or zinc amalgam, in the presence of some water, forms hydrogen, 
then hydrogen sulphide, and then a mixture of hydrogen sulphide, and sulphur 
dioxide, and finally sulphur dioxide ; there is also a separation of sulphur. 

The trioxide is sent from the manufacturer in sealed drums of tinned iron. 
F. C. Vogel said that the trioxide can be held between the dry fingers, but it soon 
produces a penetrating sensation. Burns with the liquid trioxide, or the trioxidc 
that is beginning to liquefy with absorbed moisture, are instantaneous on contact 
with the skin ; and the burns frequently become septic and are slow to heal. The 
trioxidc is very poisonous and corrosive. It rapidly chars wood, paper, and many 
organic bodies. The dry trioxide does not redden dry litmus paper. 

E. Drechsel ® regarded the sulphur in sulphur trioxide as sexivalent corre¬ 
sponding with ( 802)0 ; and H. Schroder considered that the voL contraction 
attending the formation of the trioxide agreed more with a quadrivalent sulphur 
atom, and he wrote the formula : 


This is also in harmony with the views of E. Divers. W. Odling and F. A. Abel 
found that sulphur trioxide is formed by the reaction: S 02 Br 2 +Ag 2 S 04 ™ 2 AgBr 
+SO 28 O 4 , and hence regarded the trioxide as sulphuryl sulphatey SO 2 SO 4 . 
N. M. Teplow deduced from his vortex theory that the formula is S 4 O 22 or ( 803 ) 4 . 
G. Oddo supposed that the a-trioxide has the mol. wt. SO 3 , and the jS-trioxide ( 803 ) 2 , 
and gave for the graphic formulae : 


* 


0-=:S< 


a- 80 . 


0. ^ „ ^o 

0>S<0>S^^0 


so that the polymerized trioxide is a kind of sulphuryl sulphate, ( 802 ) 804 . 
J. A. N. Friend modified these formulae in accord with the theory of latent valencies 
(dotted lines): 




0 O 

O^^S-O : : : 0^-S<^ 


I. Smedley also modified the graphic formula in accord with a quadrivalent oxygen 
and a sexivalent sulphur atom. W. Krings, and J. R. Syrian discussed the electronic 
structure of sulphur trioxide, and E, B. R. Prideaux represented the molecule : 


:s::o: or o^sX 
*: o r 
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§ 28. The Hydrates of Sulphur Trioxide and Sulphuric Add 

The so-called oleum, Nordhamen sulphuric acid, or fuming sulphuric add, can 
be regarded as a soln. of sulphur trioxide or of pyxosulphuric acid in water. This 
product was probably one of the earliest forms of sulphuric acid produced for sale. 
It was made in Bohemia in early times, and during the Thirty Years’ War the 
industry was transferred to Braurilage and Goslar, in the Harz country. The arid 
was distributed from the stores at Nordhausen, from which place the acid took 
its name. Near the end of the eighteenth century the Bohemian factories were 
revived. At this time, the acid was made by the dry distillation of ferric sulphate- - 
Vitriolstein —which, along with alum, had been made from slates containing pyrites 
since the sixteenth century. The retorts, holding nearly a kilogram of vitriol 
stone, were arranged in galleys, and the receivers fitted on as the thick fumes of 
sulphur trioxide appeared. The receivers contained some water or sulphuric acid. 
The operation was repeated until the liquid in the receivers had attained the desired 
concentration. The ferric oxide remaining in the retorts was ground and sold 
for use as a pigment under the names: cohothar, caput mortuum, Venetian red, or 
English red. The process was discussed by R. W. Hill,^ E. V. Jahn, F. Stolba, and 
R. Schuberth —vide supra, sulphur trioxide. The yield of fuming acid is poor 
because the temp, of dissociation of ferric sulphate is so high that a large proportion 
of the sulphur trioxide is decomposed at the same time. The dissociation press, 
of tlie trioxide from ferric sulphate was found by G. Keppeler and J. d’Ans to be only 
15 mm. at 640'", so that the temp, of the retorts must be much higher than this. 
They represented the effect of temp., T, on the press., p, of the trioxide : 
Feo(S 03 ) 8 ^Fe 203 -f 3 S 02 , between 500° and 700°, by log p=ll-8626-9755-67T“i, 

P. G. Prelier proposed to heat the alkali or alkaline earth sulphates with sulphuric 
acid to form the hydrosulphate, and to distil the water from the hydrosulphate, 
and the fuming acid or sulphur trioxide from the pyrosulphate. R. W. Wallace 
proposed a modification of this process; and W. Wolters said that the liberation 
of sulphur trioxide from the pyrosulphate occurs at a lower temp, if some mag¬ 
nesium sulphate be present. This means that less sulphur trioxide is dissociated. 
W. Wolters also proposed to heat the pyrosulphate with anhydrous sulphuric acid, 
BO as to distil off the sulphur trioxide: Na 2 S 207 +H 2804 ~ 2 NaHS 04 -f SO 3 . 
A. M. L4on proposed to electrolyze monohydrated sulphuric acid so that the water 
decomposes into hydrogen and oxygen, and the resulting sulphur trioxide dissolved 
in the electrolyte to form the fuming acid. Fuming sulphuric acid is now made 
by the contact process whereby the resulting sulphur trioxide (q.v.) is dissolved in 
sulphuric acid of sp. gr, approximating 98J per cent. H 2 SO 4 , because, according 
to R. Knietsch, this acid contains neither free water nor free sulphur trioxide. 
0 . Sackur showed that if free water bo present, the a-S 03 is not transformed to 
jg-SOj —^nde infra. 

Quite a number of hydrates of sulphur trioxide have been reported. The 
hemihgdrate, 28 O 8 .H 2 O, is the so-called pyrosulphoric add, H 2 S 2 O 7 —vide infra; 
and the monohydrate, SO 8 .H 2 O, is the so-called solphoric add» H 2 SO 4 — vide infra. 
A. C, Schultz-Sellack ° could not prepare a crystalline hydrate contair^ng more 
sulphur 1 rioxide than pjTOsulphuric acid ; nor is there nny (‘violence of the format ion 
of such a rompou?»d on the f.p. curve, Fig. 78. 
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K. WobcT thought thnt had ol>tahiotl rt Utnkihydiuic^ 480a.Ha0, by 
n(.lcimg aiilplnmc acid to sulphur trioxuh*. Jlu said that it crystallized ut 8° to 10“, and had 
a sp. gr. of 1*1)83. Again, V, A. dacqiiolaiii reported prisiuatic crystals of tho tritetrita- 
hydrate^ 4SOg,3HaO, to bo formed by passing biilphur trioxule into eonc. sulphuric acid ; 
and H. W. F. Wackenroder, by cooling fuming feulphuric luid to - 10*^. The former said 
that tho (rystals melt at 26% the latter at 10% 

J. C. U. d(' Marignac made some observations on the f.p. of fuming sulphuric 
acid oleum ; and K. Knictscli gave the results shown in Table VI. The data in 


Tabi.e \T.- AIi'.ltini. I’oiNrv (u* Mixti res ok yoLPmui 'J’nioxioi: and 

Si LfiirRie Acio. 


Free SO-, 

M p. 

Free SOj 

per cent. J 

per Cent. 


100° 

.35 

5 

.3 5° 

40 

10 , 

- 4-8° 

45 

15 1 

-112 

.50 

20 1 

11*0° 

.55 ' 

2.% ' 

-OtF 

KiO , 

30 , 

J5-2^ 

1,5 


M p. 

Irec SOj 
per ci'iu'. 

M.p. 

260° 

70 

9*0° 

.3.38" 

75 

17*2° 

.34*8° 

80 

22*0’ 

28-5° 

85 

3.3*0° (27°) 

IHt' 

f»0 

31*0^ (27*7°) 

0*7° 

05 

36*0° (26°) 

0-8° 

ItU) 

40**0 (17*7 ) 


brackets represent freshlv" prepared soln., and the sulphur trioxide has not aged by 
the pavssage of a-S 03 to ji SOj^ J. (’. G. de Marignac said that crystals of H 2 SO 4 
separate from tho cone, at id at 0*3'. and V. A, Jacqiielain added that the cone, acid 
freezes at but it may be uudercooled to —35^ to —40^. H. Davy said that dil. 
sulphuric acid freezes at - 23'^, and T. Thomson, at —36^ when confined in the 
bulb of a thermometer. 

The so-called monohyOrated sulphuric acid, 112 ^^ 04 . 1120 , or tho dihydmle of 
sul])hur trioxide, SO 3 . 2 H 0 O, was said by V. A. Jacquelain to freeze at 8 \ but, in 

a sealed tube, it can be undercooled to —35 to 
—40°. J. Dalton, and J. I. l^ierre and E. I’ucdiot, 
gave 7'5 ’ for the f.p.; H. W. F. Wackenroder, 4°; 
L. Pfaundler and E. Kchnegg, 8-81° ; G. Lunge, 
8 °; D. P. Konowalotf, 8-55° ; and R. Pictet, aiul 
J. Thilo, 3 T)°. W. Hillmayr could not bring the 
f.p. of sulphuric arid to 4° by the addition of 
Teater. J. C. G. de Marignac gave 8'5° for the 
m.p. of this hydrate; 11. W. F. Wackenroder, 
R, S. Tjaden-Moddermann, S. U. Pickering, and 
H. Les]ueau, 8-53° ; and J. I. Pierre and E, PucUot, 
7*3. W. P. Jorissen said that crystals of the 
mouohydrate are obtained by rapidly cooling 83*3 
to 84 per cent, H 2 SO 4 with ice; and A. D. Donk, 
by cooling with ice a mixture of 84 to 85 per cent 
H 2 SO 4 and barium or lead sulphate. Observa¬ 
tions were also made by C. D. Carpenter and 
A. Lehrman. J. Thilo gave —39*9 for the f.p. of the trihydrate of sulphur trioxide, 
SO 3 . 3 H 2 O, or dibydraM sulphuric add; R. Pictet, and E. von Biron gave 
—38'9°. C. D. Carpenter and A. Lehrman obtained analogous results for this 
mctastable })has(\ S. V, Pickering reported a pentahffdrate of sulphur trioxide, 
iS 03 , 5 H 20 , or tetrahydrated aulidiuric add, H 280 ,j. 4 H 26 , melting at —25 but the 
m.p. is rapidly lowered to —70° if a little water be present. E. von Biron gave 
—69° for tho f.p. so that undercooling occurred. The results for the equilibrium 
diagram are compiled in Fig. 78, L. Pfaundler and K. Schnegg, S. U. Pickering, 
J. Thilo, and F, RiidorfT investigated the ioc-linc. AB, Fig. 78 , and found : 

80a . 1325 16.50 23 25 25*50 27*25 28*75 30*00 31*00 

F.p. -10° 20 ° --30° -lO* 50 - 60' -70' --75 



Fio. 78.—Freezing-point Curv(i« 
of the System ; SOj-H^O 
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8 . IJ. Pickering gave for th<‘ region of stability of tctrahydrnted sulphuric acid, 
BCD, Fig. 78: 

SO 3 . :u-7r) 33-75 3n-(K) 3900 43-25 47-06 40-75 55-50 

K.p. . 70^ 00^ 50 - 40" ^30° -^25° 30^ 50^ 

SO that the m.p. of the totrahydrate is ---25'^. E. von Biron studi(‘d tlie region of 
stability of dihydrated sulphuric acid, DEG, Fig. 78 ; and J. Thilo, the inetastable 
system where the dihydrate is not formed : 

stable. Metaslable. 

/ " . . . . -- ^ . ■ ■ — ■■■■■ " -s 

8 O 3 . 66 00 69-69 60-50 61-00 57-75 ° 59-75° 60-00 60-50 

F.p. .. ^45° -38-9° -40° -41° -60° -70° -60° -50° 

Hence, the m.p. of the dihydratc is --38*9®. L. Pfaundler and E. Sehnegg, 
8 . U. Pickering, M. Altschul, J. Thilo, and E. Knietsch's results for the region of 
stability of monohydrated sulphuric acid, GIIJ, Fig. 78, are : 

SO 3 • 61-00 62-50 63-50 65*50 68-98 72*00 74-75 76-00 

F.p. . -41° - 20 ° - 10 ° 0 8-58° 0 ° - 20 ° - 3 H^ 

where the m.p. of the monohydrate is S. U. Pickering’s value ; L. Pfaundler and 
E. Sehnegg gave 8*81°. For the region of stability of sulphuric acid, JKL, Fig. 78, 
L. Pfaundler and E. Sehnegg, 8 . U. Pickering, J. Thilo, E. Knietsch, and J. C. CL de 
Marignac gave: 

SO 3 . 76-50 78-50 81 00 81*62 82-00 83-25 84-50 85-00 

F.p. . -30° - 10 ° 10 ° 10*36° 10 0 ° - 10 ° --J 2 ^ 

where 8 . U. Pickering's value for the m.p. of sulphuric acid is 10*35° ; J. Thilo’s 
and J. C. Cjt. de Marignac’s, 10*5°; CL Oddo and E.Scandola’s, 10*43° ; A. Hautzsch's, 
10*46°; J. N. Bronsted's, 10*49°; D. M. Lichty\s, 10*13° to 10*45°; and R. Knietsch’s, 
10 °. R. Knietsch determined values for the region of stability of pyrosulphurie acid, 
LMN, Fig. 78, and found : 

RO 3 . 85-25 86-00 87-50 88-50 89-89 90-50 91-50 03-00 

F.p. . —10° 0 ° 20° 30° 36° 30° 20° 6 5° 

where the m.p. of the pyrosulphurie acid is 3G°. The subsequent progress of tlie 
curve, for soln. of sulphuric acid in sulphur trioxide, is doubtful. According to 
R. Knietsch, the curve bifurcates after rising from the minimum. One branch, 
referring to the freshly prepared soln. in a-trioxide, has the co-ordinates 26° for an 
acid of 95 percent, of free 803 and 17-7° for 1(X) per cent. 8 O 3 ; the other branch, 
referring to a soln. in which the trioxide has had time to change to S-SO 3 , has the 
co-ordinates 36° for 95 per cent, of free 8 O 3 , and 40° for 1 (X) per cent. SO 3 . 

There are singularities in the curves representing other physical properties of 
sulphuric acid —Me infra —corresponding with definite hydrates. There is room 
for doubting if the hydrates other than H 2 SO 4 , and even of pyrosulphurie acid 
itself, exist in the liquid state. J. Thomsen concluded from his thermochemical 
observations, and W. H. Perkin from his magnetic rotation observations, that 
sulphuric acid soln. contain the monohydrate; while M. Berthdot’s thermo¬ 
chemical observations led him to conclude that still higher hydrates are present. 
L. Pfaundler and E, Schnegg’s cryoscopic observations led them to believe 
that in cone, sulphuric acid, both the mono- and di-hydrates arc present; and 
R. Lespieau, that the monohydrate is present; while 8. U. Pickering, and R. Pictet 
postulated a large number of hydrates as a result of his observations on the f.p. 
of the soln. 

Assuming that the amount of a hydrate formed in a soln. is proportional to its 
concentration, the rate of change of, say, the sp. gr. S with the change of concentra¬ 
tion C will be a linear function of C, so that dSjdC will be represented by a straight 
line, say, dSJdC^a+bC. On treating the observed sp. gr. in this way, U. I. Mende- 
leeff found that dSJdC was discontinuous, so that when dSjdC and C were plottt^d, 
VOL. X. 2 a 
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isolated lines were obtained each of which was supposed to represent a zone in 
which the corresponding hydrates—H 2 SO 4 .H 2 O, H 2 SO 4 . 2 H 2 O, H 2 SO 4 . 6 H 2 O, and 
H 2 SO 4 .I 5 OH 2 O—exist in soln. The mathematical argument is that if the SC-ciirvi* 
is really discontinuous, it will differentiate into a series of different curves each of 
which will represent the rate of change of the physical property S with the amount 
of the hypothetical hydrate in the soln. at that concentration. A change in the 
direction of the curve leads to a breaking up of the first differential coefficient into 
two curves which do not meet. S. U. Pickering applied the argument in the treat¬ 
ment of a number of determinations of the physical properties of soln. H. Crompton 
extended the argument to the second differential coefficient of the electrical con¬ 
ductivities of sulphuric acid soln. He inferred the existence of 2 H 28 O 4 . 8 O 3 , and 
H 2 S 04 ,S 03 , in the liquid. This subject was discussed by 8 . Arrhenius, J. Domke 
and W. Bein, J. N, Bronsted, H. E. Armstrong, J. Kendall and co-workers, 
E. H. Hayes, A. W. Rucker, 0. J. Lodge, S. Lupton, and T. M. Lowry. It must be 
remembered that the SC- curve is purely empirical, and that the differentiation of 
experimental results very often furnishes quantities of the same order of magnitude 
as the experimental (urors thems(‘lves. This is a very serious objection. 
8 . U. Pickering has tried to eliminate the experimental errors, to some ext(*nt, by 
differentiating the results obtained by smoothing the curve obtained by plotting 
the experimental results. On the face of it this smoothing of experimental results 
is a dangerous operation even in the hands of the most experienced workers. Indeed, 
it is supposed that that prince of experimenters, H. V. Regnault, overlooked an 
important phenomenon in applying this very smoothing process to his observations 
on the vap. press, of sat. steam. In the words of 0. eJ. Lodge : 

No juggling with fec^blo empirical expressions, and no appeal to the mysteries of 
clemen^ry mathematics, can legitimately make cxperimontal results any more really 
discontinuous tlian they themselves are able to declare themselves to be when f)roperly 
plotted. 

L. Schneider’s sp. gr. <letermination led him to infer the existence of two hydrates, 
viz, H 2 SO 4 .H 2 O, and H 2 SO 4 . 2 H 2 O. E. Bourgoin studied the electrolysis of 
sulphuric acid and inferred that the dihydrate, H 2 SO 4 . 2 H 2 O, or S(0H)e, is present 
when the cone, of the acid ranges from H 2 SO 4 .H 2 O to H 28 O 4 . 26 OH 2 O. T. Graham, 
from the capillary transpiration of sulphuric acid soln., inferred the presence of 
H 2 S 04 ,H 20 ; R. Engel, from solubility determination, the existenc(‘ of H 2 SO 4 . 
12H^0. The observations by C. Frery, G. Tammann, C. Dieterici, A. Ponsot, 
H. (j. Jones, W. Ramsay and J. Shields, 0. E. Linebarger, A. E. Dunstan and 
R. W. Wilson, 8 , U. Pickering, and V. 8 . M. van der Willigen on the optical and other 
properties of the acid, also led them to the hypothesis that definite but unstable 
hyebates are present in soln. If a mixture follows the mixture law— 1. 10, IT —it is 
assumed that no chemical action has taken place between the constituents, and 
that the mol. state of the constituents is not changed by the mixing. Most binary 
mixtures deviate from the rule, and the results may be due to one or both these 
phenomena. E. W. Washburn concluded that in the property-composition curves 
the supposed points of discontinuity are due to experimental errors; and that 
methods of studying hydration depending on the deviation of any physical property 
from the law of mixtures are incapable of yielding any conclusive information 
regarding the complexity or even the existence of hydrates in aq. soln. On the 
other hand, A. E. Dunstan and F. B. Thole said that the existence of definite 
maxima or minima on the property-composition curve, are indicated by almost 
every variety of physical property, and cannot be well denied. The minor changes 
of curvature which led 8 . U. Pickering to infer the existence of 22 different hydrates 
from his examination of the sp. gr., heats of soln., conductivity, voL change on 
mixing and thermal expansion of sulphuric acid soln., may have a real existence, or 
they may be denied altogether, as was done by E. W. Washburn, or attributed to 
erroneous methods of plotting, as was done by H. Hartley and co-workers. A^ain, 
R. B. Denison showed that a maximtun or minimum in the property-comi) 08 jtioii 
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curve must be taken as giving a possible indication of the formation of a chemical 
compound, although there is no certainty. A sagged curve, without maxima or 
minima, may be caused by the dissociation of one of the constituents, or by their 
chemical combination, but a process involving an increased association of one of the 
constituents, as a result of their mixing, is unlikely. He also concluded that the 
curve representing the composition and the deviations from the mixtur(‘ law gives a 
better indication of interaction between the constituents of mixed liquids He 
added : 

The magnitude of tlie deviation from the mixture law is proi)ortional wlicn tiie cone, 
of the new substanre attains a maximum value ; and further, when this is true, the mixture 
as a whole has the same fractional eomjiosition as the new substanc'c formed. Althcaigh 
temperature changes may affect the form of the jiropeity-ronuiosition cur\e, especmlly 
ns regards the maximum point, the point of inaximnm deviation from th«' mixture law is 
indejxindent of temperature i-hange. 

J. L. R. Morgan and C. E. Davis ajiplied this method to the available data 
dealing with aq. soln. of sulphuric acid, and found that evidence of the (existence 
of the hydrate H 2 SO 4 : HoO —1 : 1 was given by the sp. gr., compressibility, 
viscosity, and index of refraction curves ; of the 1 : 2 -hy(lrate, by the index of 
refraction curves ; of the 1 ; 3-hydrate, by the surface tension curves ; of thi‘ 

3 : 1 -hydrate, by tin* electrical conductivity, and viscosity curves; of the 
1 : 12 -hydrate, by the electrical conductivity, and sp. gr. curves ; and of the 

4 : 1 - or the 5 : l-hvdrate, by the viscosity curves infra. Figs. R 2 , Hi, 85, 87, 
88 , 93, and 9(5. 

W. Ostwald observinl no evidiuice of the presence of hydrates in his work on the 
mol. conductivity of tln^ acid ; while J. Domke and J. Bein said that the existence 
of hydrates cannot b(‘ deduced from sp. gr. determinations alone ; nor do the f.p. 
curves show th(‘ existiuice of the mono-, di-, tetra-, and hexahydrates, y(*t th(‘ hvpo- 
thesis that hydrates (‘xist in soln. is considered to bi‘ in accord with facts. Ji. C. Bint 
also showed tliat the vap. press, curves do not give any evidence of the formation 
of definite hydrates ; tliey do show that molecularcom])h^xes are formed. A. Rmits 
and co-workers sfudiial this subject. H. ('. Jones compared the lowering of the 
f.p. of acetic acid by mixtures of sulphuric acid and water with the results with 
sulphuric acid and water alone. The results indicate the existence of the two 
liydrates, HoR 04 .H 2 (f and H 2 SO 4 . 2 H 2 O, in acetic acid soln., but not the existence 
of any hydrates containing a larger quantity of water, even when as much as 37 eq. 
of water are jireseiit to one of sulphuric acid. These hydrates are somewhat unstable 
in the ac(‘tic acid when their soln. are very dii., and when the excess of w^ater present 
IS not very great. They can be regarded as dissociated under these conditions by 
the acetic acid into sulphuric acid and water. H. C. Jones and F. H. Getman, and 
H. 0. Jones and H. P. Bassett calculated, from the sp. gr., the electrical conductivity 
and the f.p. of soln. containing M-mols of H 2 SO 4 per litre, that in dil. soln., no 
water is held in combination, but with from 0-5A- to 5-OA-soln., the amount of 
combined water increases with the cone, of the soln. Assuming that m-mols of 
water are in combination with the acid per litre, and H mols of water are in combina¬ 
tion with a mol of H 2 RO 4 at the given cone, if a litre of soln. at that concentration 
contained KXK) grnxs. of wat(T. H. C. Jones and co-workers found : 


M . 

0-60 

1-00 

1-50 

2-00 

2-50 

2 73 

3-28 

4-37 

5-0 

m 

P96 

3*8(> 

13-7 

20-75 

25-42 

29-88 

34-28 

40-79 

43-95 

H . 

3 3 

34) 

9-2 

10-4 

102 

10-0 

10-4 

9-4 

8-G 


A. Zaiischek studied the action of sulphuric acid on ethyl alcohol, and found that the 
equilibrium values did not give a satisfactory value for the constant K if the 
sulphuric acid be calculated as H 2 SO 4 in the equation: C 2 H 50 H-fH 2 R 0 i 
v^C 2 H 5 .HS 04 d-Ho 0 , but if calculated as H 2 SO 4 . 2 H 2 O, K is constant: HiiRO^ 
+ hS( >4 f 3H2O. 
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The constitution of the sulphuric acid. —About 1850, A. W. Williamson ^ 
represented sulphuric acid as a derivative of water : 

H H H H H ^Oa H 

" 7 )~ (T 

in consequence of its relation to chlorosulphonic acid, SO 3 HCI, and siilphuryl 
chloride, SOaCL- With the advent of E. Frank land's struc^ ur^fmi^iiLl ^^ 
acid was said “ to contain two hydroxyl groups/’ meaning that in certain reactions, 
the OH-groups can be exchanged for eq. radicles ; that there are certain relations 
between this acid and all other acids containing OH-groups ; etc. C. Schorleninier 
has said that the structural formula shows the past and future of a compound,” 
that is, “ the relation subsisting between its progenitors and its progeny.” The 
formula for sulphuric acid is expressed S 02 ( 0 H )2 for the following reasons : 
( 1 ) Chlorine can react with cone, sulphuric acid, forming chlorosulphonic acid 
CIHSO 3 , where one OH-group in sulphuric acid is replaced by chlorine. Phosphorus 
pcntachloride, PCls, can displace one or two OH-groups in sulphuric acid, forming 
in the one case chlorosulphonic acid, (H 0 )C 1 S 02 , and in the other sulphury 1 chloride 
CISO 2 CI. Both these chloro-compounds react with water, forming sulphuric acid. 
The two OH-groups can be displaced together or separately, and we infer, from the 
rule of the constancy of structural arrangement that sulphuric acid, H 2 SO 4 , contains 
two hydroxyl or OH-groups. J. Thomsen also showed that the thermochemical data 
agree with the assumption that the two hydrogen atoms arc directly united with 
oxygen atoms. On the oth<T hand, H. E. Armstrong and F. P. Worley held that 
the formation of sulphuric acid from sulphuryl chloride, SO 2 CI 2 , xiot necessarily 
a proof that the acid contains two hydroxyl groups because of the alternative 
hyjwthesis that the sulphuryl chloride is first resolved into sulphurous acid and 
chlorine : 800012these products, in statu 7iasce7idi, 
interact with water to form sulphuric and hydrochloric acids : S 0 sH 24 - 1 ^ 20+012 
~“S 04 Ho-f“ 2 HCl. Similarly, the formation of chlorosulphouic acid is not necessarily 
a proof that an OH-group is present in sulphuric acid because the phosphorus 
pentachloride may merely dehydrate the acid : SO 4 H 2 +PCI 5 —S 034 'FOCl 3 + 2 HC]. 
(2) Unlike sulphurous acid, it is possible t o make but one compound, CH 3 O.SO 2 .OK, 
by replacing the hydrogen of the hydroxyl-groups with the radicle CH 3 . Hence, it 
is inferred that the hydroxyl groups are related to the remainder of the atoms in 
the molecule H 2 SO 4 in a symmetrical manner. This is not in agreement with 
I. I. Kanoniiikofi’s assumption that sulphur is quadrivalent, and that the formula 
is (H 0 ) 3 .S. 0 . 0 H. (3) Certain univalent hydrocarbon radicles—CH 3 , C 2 H 5 , C 3 H 5 , 
etc.—can replace the chlorine in (IHSO 4 SO 2 CI 2 to form, say, phenyl sulphonic 

acid—C 3 H 5 .SO 2 .OH, and diphenylsulphoiie—( 03115 ) 2802 , respectively. The same 
compounds can be made by the oxidation of mercaptan, C 3 H 5 ,SH, and of diphenyl 
sulphide, (C 3 H 5 ) 2 S, in which the radicle must be joined directly to the sulphur atom. 
Assuming that the radicles remain fixed to the sulphur atom during the oxidation, 
it is inferred that the hydroxyl groups in sulphuric acid, H 2 SO 4 , are directly attached 
to the sulphur atom. Hence, the formula HO.SO 2 .OH is preferable to HO.O.S.O.OH 
for sulphuric acid. (4) We have not yet discussed whether the S 02 -group is consti¬ 
tuted 

0==^^^^^0H 6^'^^ OH 

The possible sexivalency of sulphur in sulphur hexafluoride, 8 F 3 , points to the 
sexivalency of the sulphur atom in the sulphates, and hence it is probable that each 
of the two oxygen atoms is attached to the sulphur atom by a double valency. For 
these reasons, in agreement with E. Drechsel, the constitutional formula of sulphuric 
acid is written: 


0_OH 
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Remembering, of course, that it is very probable that the best of our structural 
formulee is not so closely related to the actual orientation of the atoms in the molecule 
as ihe stuffed and dried specimens of a museum arc related to the living organisms. 
V, Pascal found this formula agreed with his magnetic observations. A. E. Dunstan 
and R. W. Wilson added that each hydroxyl group is the scat of a very considerable 
residual affinity, as is evidenced by the formation of hydrates, of 112804 . 803 , etc., 
and accordingly they write the formula 

1 I 

U(^)-S(.)2- OH 


A. Hantzsch and F. Durigen’s observations on the refractive index agreed 
with the assumption that the constitution is either [ 0 S( 0 H) 3 ]‘]S 030 H]' or 
18(0H)4]’‘[S020H]2 ''—sulphurylium sulphate. The electrical structure has been 
discussed by H. Reniy, K. Rolan, and H. Burgarth —vide supra, hyposulphurous 
acid. T. M. Lowry gave for the sulphate radicle, SO 4 ", 

O’ 

I 

0 O' 

I 
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(L Oddo discussed the constitution in the light of liis theory of mesohydry ; aiid 
K. Rolan discussed the tetrahedral model of the sulphate ion. J. E. Marsh, and 
K. E. Hughes inferred that because anhydrous sulphuric acid, H 2 SO 4 , has no action 
on litmus, and does not ferm salts, it is really an anhydride. 

The thre(‘ hydrat(‘S of sulphur trioxidt—H 2 SO 4 , H 28 O 4 .H 2 O ; and H 28 O 4 . 2 H 2 O 
- -arc soinetlines writt(‘n graphically . 
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O HO- S OH 

HO HO' OH 


a-SO,. 


Meta»u]phuric add, 
(HO),SO*. 


Paras ulphuric 
acid, (H0)4S0. 


Orthosulphiinc 
add, 8(OH)g. 


In harmony with the nomenclature applied to the periodic acids, the last formula 
represents the maximum hydroxide, corresponding ^with orthosulphuric acid, 
S( 0 H) 3 , sulphur scxivalent, in agreement with T. Graham, the penultimate formula 
repre.sents parasulphuric add, SO( 0 H) 4 ; and tin* ordinary formula for 
sulphuric acid then represents metasulphuric acid, S 02 ( 0 H)o, There is not 
much experimental evidence in supjiort of these formula), and the method does 
not help in dealing with the trihydratc, HoSO^.SHoO ; nor does it ex})laiii how the 
acids are usually dibasic. Hence, it is doubtful if this is the correct interpretation 
of the constitution of the hydrated forms of sulphuric acid. H. B. Kosmann 
regarded the monohydrate as a monobasic acid ; and for the dihvdrate he gave 

S(OH)e. 

With pyrosulphuric acid, or disulphuric acid, H 2 S 2 O 7 , or H 28 O 4 .SO 3 , two 
molecules of sulphuric acid appear to be condensed into one mol. of (lisulphuric 
acid with the elimination of one mol. of water : 2 H 2 SO 4 "II.nOd-HoSoO;; or 


HO -SOo-OH _ ^ SOc—OH . 

Ho- SO2-OII OH ' ^ 

on the assumption that the formula for sulphuric acid is S 02 ( 0 H )2 ; that disulphuric 
or pyrosulphuric acid is formed by the abstraction of a mol. of water from two mols. 
of sulphuric acid ; and that when an anhydride ia formed by the abstraction of 
water from a molecule of acid, each molecule of water abstracted from the acid, one 
oxygen atom takes the place previously occupied by two hydroxyl groups. Th<' 
salts are dibasic. The bivalent acid radicle is 82 O 7 . Tlie relation betw^tn 
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pyrosulphuric acid, jS-sulphur trioxide, and sulpliuric acid is illustrated by the 
forjnulop : 


0 

O 




/3-S03. 


0. ^OH HO 

-O- 



Pyrosulphuric acid. 


O. „ OH 
O ^‘^'^OH 
Sulphuric acid. 


Hence j8-sulphur trioxide can be regarded as the anhydride of pyrosulphuric acid ; 
and a-sulphur trioxide as the anhydride of sulphuric acid. A. tV^rner, and 
R. Schwarz have made some observations on the co-ordination theory ; and J . Meyer 
and V. Stateezny represented pyrosulphuric acid as an isopolyacid : 


H 2 



but the co-ordination theory, as T. M. Lowry has pointed out, does not fit the facts 
so well as the ordinary theory, or the electronic theory : 
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■ o ’ 


or 


O - OH 

o <;qjj 


o"' -o- "■''0 

Klcctronio fhcory Sulphate-ion. Sulphuric acid. 

This subject was also discussed by N. V. Sidgwick. In the formula 


O 

()=-« . , . 0 

li 

0 


H. 


Co-ordination theory. 


it is assumed that three of the oxygen atoms in the molecule are held by pairs of 
principal valencies while the fourth oxygen atom is held by a single auxibary valency. 
This difference is not justified, and even A. Werner said that there is no real difierence 
between principal and auxiliary valencies in complex nuclei. K. Schwarz regards 
pyrosulphuric acid as a isopolyacid, and he represented it by the unsymmetrical 
formula on the co-ordination theory. T. M. Lowry said that there is nothing to 
justify this since the conventional formula expressed in terms of electrons is more 
in accord with the mode of formation and behaviour of the compound : 

[ir.o.OgS- 6 - sOjOH 

Co-ordination formula Conventional formula. 

Here each sulphur atom is surrounded by four oxygen atoms satisfying the 
conditions for co-ordination although one oxygen must belong to both co¬ 
ordination spheres. J. Stieglitz discussed the polar structure of sulphuric acid, 
and E. B. K. Prideaux represented the eh'ctronic structure : 


H(» A) 
HO >0 


It might be added that E. Divers supposed that the sulphur in sulphuric acid is 
quadrivalent, and he wrote the formula: 


HO 

HO 


>«< 


O 

o 


W. Spring preferred P. A. KekuM’s old chain formula HO,S.O.O.OH; and 
W. A. Dixon, S{0.0H)2. W. J. Pope and S. J. Peachey showed that sulphur can 
act as a tetrad ; and H. E. Armstrong and F. P. Worley say that there is no satis¬ 
factory evidence that sulphur ever has a higher valency. They account for the 
hexafluoride by the same argument that is generally applied to the polyhalides, 
namely, that the fluorine atoms form a closed system. W. Barlow and W. J. Pope's 
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theory of valency volume indicates that the volume sphere of influofice of sulphur, 
like that of oxygen, is never more than twice that of hydrogen ; and they therefore 
wrote the formula SO 3 .H 2 O as advocated by J. J. Berzdius. H. E. Armstrong 
and F. P. Worley add that sulphur, like oxygen, whilst potentially a tetrad, usually 
behaves as a dyad. They based their formula for sulphuric acid on the hydrone 
theory (1. 9, 7), and regard the median oxygen atom as the centre of activity in the 
molecule of the acid. As a consequence of this hypothesis that sulphuric acid is a 
compound of sulphur trioxide with hydrone, it is assumed that sulphuric acid is 
really a monacidic compound like the sulphonic acids. They represented the 
monohydrate, H 2 SO 4 .H 2 O, and the dihydrate in a similar way : 

^ ^ ^ K H TT 

S^H.O.w 0 hq>S^.6.I^O<“h 

H2S04 H2SO4 H,0 HJSO4.2H2O 

They add that the hydrate H 2 SO 4 . 4 H 2 O is perhaps formed by the union of 31120, 

bloc, with the monohydrate. Some speculations on the constitution of the 
sulphuric acids were also made by N. M. TeplofF, E. Wiberg, and A. Hantzsch and 
F. Diirigen. 

The analyses of H. Davy,^ R. Chenevix, J. Dalton, M. H. Klaproth, 
C. L. Berthollet, and J. C, G. de Marignac are in agreement with the empirical 
formula H 2 SO 4 ; the analyses of T. Graham, J. Thilo, R. Pictet, L. Pfaundler and 
E. Schnegg, with H 2 SO 4 .H 2 O, and with H 2 SO 4 . 2 H 2 O ; and the analyses of 
S. U. Pickering, and E. von Biron, with H 2 SO 4 . 3 H 2 O. The vapour density deter¬ 
mination of H. St. C, Deville and L. Troost showed that the mols. of the vapour 
are dissociated : 112804 -^ 8034 -H 2 O at 440°, because the observed 1*74 agreed with 
the value 1*69 calculated for that change ; A. Bineau observed 2*155. The vapour 
density of H 2 SO 4 which freezes at 10*43°, determined by V. Meyer’s method 
in the vapour of anthracene (boiling at 351°) or triphenylmethane (boiling at 
359°), gives a mol. wt. 100*9 -101*9, so that at 10-20 above its b.p. sulphuric acid 
vapour is a mixture of (HoS 04 ) 2 .H 2 S 04 , SO 3 , and H 2 O molecules. Analogous 
results are obtained with sulphuric acid containing varying proportions of 
water. 

Nitric acid has the mol. formula HNOs, and the derivatives, N 2 O 5 , NOoCl, 
HN 03 , boil at 47°, 5°, and 86 ° respectively; while the corresponding derivatives 
of sulphuric acid boil: sulphur trioxide at 46*2°; sulphuryl chloride at 69* 1° ; 
and sulphuric acid at 338°. The difference in the intervals between the b.p. of the 
a(‘id and anhydride in the two cases is explained as an effect of the polymerization 
of sulphuric acid, and not of nitric acid. Hence, H. M. Vernon assumed that in 
cone, sulphuric acid the mols. are present as (H 2 S 04)2 because of the relatively high 
b.p.; and W, Vaubel also obtained a similar result for the complexity of the molecule 
at 338°. G. C. Longinescu, however, inferred that the molecule is not associated. 
The change in the mol. surface energy of sulphuric acid with temperature is so small 
that E. Aston and W. Ramsay considered the liquid contained highly polymerized 
molecules—^probably (H 2 S 04 ) 28 . The f.p. of soln. of sulphuric acid in acetic, 
chloraoetic, and formic acids, and in nitrobenzene correspond with the doubled 
formula (H 2 S 04 ) 2 . Methyl sulphate, {^ 3 ) 2804 , in absolute sulphuric acid (freezing 
at 10*43°), forms methyl trihydratosulphate, CH 8 H 3 (S 04 ) 2 , which is a salt of a bish 
suli^lllic addt or dut^hnric add, 114 ( 804 ) 2 , while in acetic acid or benzene, the 
mol. wt. of methyl sulphate corresponds with the formula (€£[ 3 ) 2804 , which is a salt 
of metasulphuric acid, H 2 SO 4 . Hence, it is inferred that the formation of methyl 
trihydrosulphate does not depend upon the existence of a doubled mol. of methyl 
sulphate, but on a doubled sulphuric acid mol., (H 2 S 04 ) 2 . Q. Oddo and Q. Anelli, 
therefore, infer that, like suIpW trioxide, sulphuric acid exists in two forms, the 
one disulphuric acid, (H 4 S 04 ) 2 , is represented by ordinary absolute sulphuric acid ; 
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and that the nietasulphiiric acid, H 2 SO 4 , is not known in the free state. Disulphuric 
arid is also regarded as the second hydrate of ^-sulphur trioxide : 
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/J-Sulplmr trio\'i<Ic. 
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s<°>s 


OH 
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J)i*.ulphiiric acid. 


pyrosulphiirio acid, H 2 S 2 O 7 , being the first hydrate. Hence, pyrosulphuric acid 
is meta^sulphoric add, H 2 S 0 O 7 , and bis-sulplairic acid is paradisulphoric add, 

HoS 20 g, A. Geuther explained tlie const it utionarfornuila of some sulphonates— 
c f/. dialkyl disulphobenzoato. 


C6H4(C00M) . OR 

O S<^>S O 
ATO OR 


where M and R denote resjiectively metal and alkyl radicle—on the assumption 
that they are derivatives of paradi^ulphuric acid. This view of the constitution 
is taken to explain the dimorphism and other variable properties exhibited by many 
sulphates. According to E J, Maumene, the (devation of temp, which occurs when 
olive oil is mixed with sulphuric acid, is greater or less, according as the acid has 
been recently boiled or otherwise. Thus, with acid boiled a f(‘w hours previously, 
a temp, of 12 '^ was obtained ; whereas with acid that had been kept about two 
months, only 31*5® was reached No change in the optical or other physical pro¬ 
perties of the acid icvcah‘d the existence of this structural modification. 
M Bert helot also found that the heats of soln. of the freshly-prepared and long- 
kept acids are th(' same. 
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§ 39. Suliihiiric Acid—History* Occurrence* and Preparation 

So far as our knowledge goes^ the ancients were acquainted with only one acid, 
namely, vinegar or acetic acid ; but G. F. Rod well i thought it probable that sul¬ 
phuric acid was known to them. Jabir I bn Hayyan, in his The Invention of Verity or 
Perfection, an Arabian work supposed to have been written in the eighth century, 
refers to the production of dissolmng water by distilling nitre with vitriol; and to 
the formation of a spirit by distilling alum. The twelfth-century translation of 
Geber's De investigatione magisterii refers to a spirit which can be expelled from alum 
by heat, and,which possess solvent powers. According to F. Hoefer, Abou Bckr al 
Rhases, a temth-century writer of Persian origin, referred, en tertnes ohscurs et 
ambigus, to an oil which was obtained by the dry distillation of atrament or ferrous 
sulphate. The residue was crocus fern or ferric oxide ; the oil could have been no 
other than sulidiuric acid. Indeed, the fuming acid has been manufactured by that 
very process. In the twelfth century, Alberius Magnus, in his Composifum de com- 
positisy obtained what he called spiriius vitreoli romani by the dry distillation of 
Roman alum. He said : Sulphur philosophorum is not common sulphur, but rather 
the spirit of Roman vitriol; and it is obtained by the distillation of vitriol. In his 
De rebus metalHcis et mineral'ihus, Albertus Magnus used the word vitriol for the 
first time for ferrous sulphate— vir'ide atramentum, quod a quibusdem vitreolum 
vocatur. About the same time, Vincent de Beauvais, in his Speculum naturalif 
alluded to a solutiva corporum which was prepared in a similar manner, and which 
must have been sulphuric acid. Towards the end of the sixteenth century, 
A. Libavius referred to an acid as the spiritus aluminosum^ and he showed that 
it is the same acid as oleum vitrioli obtained by the weathering of pyrites, and as 
spiritus vitrioli per campanum obtained by burning sulphur under a bell-jar. At the 
beginning of the seventeenth century, Augustus Sala described the preparation of 
spiritus vitrioli by the dry distillation of iron or copper vitriol, and by burning sulphur 
in moist vessels accessible to air. Shortly afterwards the preparation of the acid was 
also described by N, Lemery, E. R. Seehl, and by J. C. Bernhardt. The seventeenth- 
century pseudonymous writer Basil Valentine described the preparation of olea 
vitrioli by the dry distillation of a mixture of ferrous sulphate and sand, and of 
oleum sulphuris by burning sulphur with nitre, but he regarded these two acids as 
different substances— vide supra, sulphur trioxide. He said that by gradually 
heating copper and ferrous sulphates in a luted retort, there collects in the receivt^r 
first a white spirit which is mercurius philosophorum, and then a red spirit which is 
sulphur philosophorum. J. R, Glauber also refers to the preparation of corrosive 
oil of vitriol; and H. Cardan, to the oil obtained by distilling chalcante or misy —the 
former is supposed to be partially oxidized pyrites, and the latter, an ochre 
impregnated with copperas. J, Kunckel showed that the mercurius philosophorus 
or spiritus vitrioli differs from sulphur philosophorum, oleum vitrioli, or ros vUrioli 
only in being associated with different proportions of water. R. Boyle also said 
that the acids obtained from vitriol and from burning sulphur are identical. The 
properties of the acid were described by W. Gould, R. Boyle, H. Cavendish, H. Boer- 
haave, and C. J Geoffroy. 

The phlogistian’s view that sulphuric acid is dephlogisticated sulphur has been 
discussed in connection with sulphur. The phlogistians regarded sulphuric acid 
as an elementary substance. This hypothesis seemed to be supported by R. Boyle’s 
observation that sulphur is produced by heating sulphuric acid with turpentine; 
and by J. H. and C. J. Gravenhorst’s observation that sulphur is produced when 
a vegetable decoction putrefies in the presence of sodium sulphate. R. Kirwan 
supposed that sulphur was phlogisticated sulphuric acid, and his analysis gave 
59 per cent, of sulphuric acid, and 41 per cent, of phlogiston, although R. Boyle, 
and J. Mayow had previously stated that sulphur must be regarded as a constituent 
of sulphuric acid. In 1772, and 1777, A. L. Lavoisier showed that sulphuric acid 
is a hydrated oxide of sulphur, and its composition was established by the analyses 
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of J. J. BerzeliuB, C. L. Berthollet, L. J. Thenard, R. Chenevix, J. B. Trommsdoril, 
J. B. Richter, C. F. Bucholz, M. H. Klaprotb, H, Davy, and J. Dalton— vule supra, 
sulphur trioxide. 

To-day, sulphuric acid is manufactured by oxidizing sulphur dioxide. This 
is effected in the so-called chamber process by using nitrogen oxide as a catalytic 
agent in the presence of steam ; and in the so-called contact j)roces 8 by using finely 
divided platinum, or one of the metal oxides as catalytic agent— vide supra, sulphur 
trioxide. W. Ostwald has pointed out that if Zeit Geld ist —time is money - 
then catalysis, which may be said to accelerat(‘ the speed of reactions without the 
expenditure of energy, is of the greatest importance in chemical industries because 
in speeding up reactions, the catalytic agent saves time and incidentally money. 
In the seventeenth century, sulphuric acid was usually manufactured per campanum 
-—by the bell—for pharmaceutical purposes. Here, an earthenware dish with a 
charge of sulphur rested on an iron tripod in an earthenware pan, and a glass bell 
was suspended over the burning sulphur. The operation of burning was repeated 
until the acid was sufficiently concentrated to enable it to be satisfactorily con¬ 
centrated in glass retorts. It was recommended to work during the equinoxes 
because the air then contained more moisture. Another improvement, recom¬ 
mended by K Digby, was to put water in the pan so as to condense the fumes, 
J. R. Glauber, and N. Lemery improved the process by mixing about 5*5 per cent, 
of nitre with the sulphur. This hastens the oxidation of the sulphur dioxide to 
sulphur trioxide, and, added C. Neumann, it enables the sulphur to burn by itself 
without communication with the external air, and by this means, nearly all the 
fumes are preserved. It was said that the resulting acid does not contain any 
nitrous acid, because the acid of nitre is destroyed by the deflagration. This 
improvement was also patented in 1749 by J. Ward and J. White. According to 
R. Dossie, in 1740, J. Ward was manufacturing sulphuric acid at Richmond, near 
London, using large glass bell-jars up to 66 gallons capacity. The subsequent 
history of sulphuric acid manufacture has been described by G. Lunge, W. Wyld, 
O. Guttmann, J. Mactear, W. F. Reid, R. F. Carpenter, etc. They said that the 
manufacture was introduced into England by C. Drebbel; and that the introduction 
of lead chambers in place of glass bell-jars is due to Mr. Roebuck of Birmingham, 
who erected a leaden chamber about 6 ft. cube in 1746. Numerous other plants 
were soon afterwards erected in different part/S of the country, and the number and 
capacity of the lead-chambers was increased so that in 1805, a factory at Burnt 
Island had 360 chambers each with a capacity of 192 cub. ft. P. de Wolf and 
E. L. Larison described the history of the manufacture of sulphuric acid in the 
United States. The process was improved by blowing steam into the chambers 
during the combustion of the sulphur ; and in 1793, F. Clement and J. B. Desorrnes 
improved the process by feeding the chambers with a continuous supply of air. 
Between 1807 and 1810, according to J. Mactear, J. Holkcr made the process 
continuous by continuously burning the sulphur. J. L. Gay Lussac’s tower for 
recovering the oxides of nitrogen escaping from the chamber gases was introduced 
about 1827 in a works at Chauny ; and the concentrating and denitrating tower 
of J. Glover, about 1859, in a works near Durham. 

The ooenrrenoe of Slllphllrio add.— J. S. Eisholtz ^ concluded that air contains 
some sulphuric acid because colcothar—^the residue from the dry distillation of 
ferrous sulphate—after exposure to air furnishes on dry distillation some acid ; and 
6 . E. Stahl, likewise, because potash-lye furnishes crystals of the alkali sulphate 
after it has been exposed to air for a long time. G. W. Wedel objected to 
J. S. Eisholtz’s experiment, maintaining that the sulphuric acid had not all been 
driven from the colcothar, and that the effect was due to absorbed moisture ; and 
G. E. Stahl’s observation has not been confirmed. A. R. Smith found that the air 
of Manchester contained 3772 grms. H 2 SO 4 per million cub. metres. G. H. Bailey 
investigated the air of Manchester and its suburbs; and H, Ost, the air in the 
neighbourhood of Hanover— vide 8 « 49, 1 . Free sulphuric acid occurs in many 
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volcanic spring waters; and J. D. Dana^ called natural free sulphuric acid, suJphatite, 
A. von Humboldt, and J. B. J. D. Boussingault observed that the Rio Vinagro 
which flows from the Purace in the Andes contains 1*11 grms. sulphuric acid per 
litre. At the summit of Purace, the water contains hydrogen sulphide. B. T^ewy 
found 0*255 per cent, of sulphuric acid in the water of a spring at Paranior do Ruiz, 
New Granada. The acid was found by A. Fleischer to occur in the spring-water 
of Porjaer Rudosberge in the Carpathians; T. S. Hunt, 3*5010 grms. per litre in 
the Sour Spring of Tuscarora, Canada ; J. Lefort, 3*643 grms. per litre in the* 
crater water of Popocatepetl, Mexico ; W. J. Craw and H. End, 2*007 grins. i)er 
litre in the water of Oak Orchard, Alabama, New York ; S. de Luca, 1*1730 grms. 
per litre in the water of the solfatara at Pozzuoli; F. Stolba, in the spring-water 
of Dobran, Claraschacht ; E. Pollacci, in the 8 pring-w*ater of Aix, Savoy, and of 
San Filippo, Tuscany ; G. Baldassani, in the grotto Zoccolino, Tuscany ; J. P. de 
Toutnefort, in a grotto at Milo; G. de Dolomieu, in a cave at /Etna; and J. W. Mallet> 
found the free acid in drainage-wells west of the Neehes river, Gulf of Mexico ; and 
in the acidic waters of Louisiana no l(\sa than 5*290 grms. of free sulphuric acid per 
litre were present. According to A H. van der Booii-Mt'sch, and C. G. C. Rein- 
wardt, the water of the sulphuric acid lake of Java is white owing to the presence of 
precipitated suljihur, and the vapour of hydrogen sulphate escap(‘s from the crater. 
As G. Bischof says, the sulphuric acid has not been formed, in tin' volcanoes but 
near the surface whore air has access—part of the hydrogen sulphide exhalation 
is oxidized to sulphur, and part to sulphuric acid—not sulphurous acid. A. E. Fers- 
man observed that the opal hydrogel of the Daryasa Hill, Tninscaspia, contains 
adsorbed sulphuric acid. Combined sulphuric acid in the form of sulphates is very 
common in natural waters, and is distributed as sulphates of the metals and 
ammonium in the organic and inorganic kingdom. 

C. Bddeker and F. H. Troschel,^ S. do Luca and P. Panceri, and R. L. Maly 
found up to 2*47 per cent. H 2 SO 4 in th<* secretions of some molluscs : 1). Gibertini, 
and R. Kayser found the free acid in wim-s ; and A. Ililger, in a(*etie aciil. G. Musso 
and F. Schmidt discussed the occurnmee of sulphates in oow'V milk , S. Grimaldi, 
and C. Papi, in whey ; and P. B. Hawk and J. 8 . Chamberlain, in the (‘xeretions of 
man. According to R. Meyer-Bisch, the concentration of total sulphurie arid in the 
blood-serum of normal indi\dduals is about 18 mg. per cent. This amount is altered 
to a variable extent in nephritis and constantly raised in diabetes. The suljihuric 
acid content of the cerebro-spinal fiiiid is greater than that of the scrum, and is 
raised in meningitis, syphilis of the central nervous system, and (mc(‘phaliti 8 . 
Pleural exudates and o^ema fluids contain about the same amount of sul]>huric 
acid as the blood serum ; lymph from the thoracic duct contains a variable' 
amount but greater than the blood. 

lie formation of sulphuric acid. —Sulphuricacid is formed by dissolving sul phur 
trioxide in water, and D. M. Lichty® described a method of jireparing sulphuric 
acid of definite concentration by mixing stoicbiometrical projiortions of these 
constituents. As indicated in connection with sulphur, sulphuric acid is slowly 
formed when the clement is oxidized in moist air; by heating suljihur and water 
in a sealed tube at 200° ; by the < ornbustion of sulphur in moist air \V. C. Young, 
C. Heisch, ana G. W. Wigner ; by the electrolysis of water with sulphur electrodes- - 
E. Becquerel, by the action of various oxidizing agents—chlorine, hydrochloroiis 
acid, nitric acid, and a mixture of nitric acid and potassium chlorate—on sulphur. 
W. Wicke also noticed that a sti<!k of sulphur wound about with lead wire gives 
crystals of lead when dipped in lead nitrate, and lead sulphate is formed; with 
copper wire and copper nitrate soln., copper sulphate and sulphide are formed. 
T. Parkman also noted the formation of sulphuric acid when sulphur is boiled with 
a soln. of lead acetate, silver nitrate, or a cupric salt. The formation of sulphuric 
acid by the oxidation of sulphur dioxide—-by hydrogen dioxide, the halogens, 
hy}K>chiorou 8 acid, nitric acid, and by many salts of the metals, e.g, auric chloride, 
mercuric salt.**, manganese sulpliate, etc.—has already been discussed. Commercial 
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processes have been suggested for oxidizing sulphur dioxide with chlorine, and 
jiroduce hydrochloric and sulphuric acids simultaneously: SO 2 + 2 H 2 O+CI 2 
—H 28 O 4 + 2 HCI— e.g. W. Haehnor, H. Tobler, and A. Coppadoro. B. Neumann 
and F. Wilczewsky obtained sulphuric and hydrochloric acids from sulphurous 
acid and chlorine. 

Sulphuric acid is formed by the action of oxidizing agents on the polythionic 
acids (q.v,) and on tliiosulphuric acids or thiosulphates (< 7 .v.). E. F. Smith obtained 
sulphuric acid as a product of the electroxidation of metal sulphides. Sulphuric 
acid was shown by 0. Binder, U. Collan, A. Lieben, E. von Mayer, and E. Priwoznik 
to be a product of the combustion of coal gas; and S. D. Crenshaw, of the com¬ 
bustion of anthracite. E. Salkowsky, and W. J. Smith observed the formation of 
sulphuric acid in the organism— vide supra^ sulphur. G. Guittonneau isolated 
from soils a micro-organism capable of transforming thiosulphates into sulphates. 

L. Thompson ^ obtained an acid of the highest degree of purity by treating 
calcium sulphate with oxalic acid, and evaporating the fitrate ; and C. L. Bioxam, 
by allowing sulphur dioxide—prepared from sodium sulphite and sulphuric acid at 
a low temp.—nitric oxide—from a mixture of potassium nitrate, ferrous sulphate, 
and sulphuric acid—and water to come in contact in a glass vessel as in the chamber 
proce ss for sulphuric acid— vide infra. For other methods, vide infra, the purifica¬ 
tion of sulphuric acid by distillation, etc* 

Other methods of making sulphuric acid have been proposed. For instance, 
11. W. Deacon ^ found that sulphur dioxide mixed with atm. air, and in the presence 
of a soln. of cupric sulphate, is oxidized to sulphuric acid. H. Rossler applied the 
]>roc‘ess to acid smokes ; and J. B. Daguin substituted salts of manganese, iron, or tin 
for cu})ric sulphate. A. M. G, Sebillot passed sulphur dioxide and air through heated 
columns of pumice-stone into which steam with more air was passed— vide svpra, 
sul[)hur trioxide. 

0 . Bend(T® exposed a mixture of sulphur dioxide and oxygen, with or without 
nitrogen oxidt‘s, in an oxyhydrogen flame, or of water-gas. If air be present, a 
little nitric acid is formed. 'V^^ Hallock exposed the mixture to an ionizing agent— 
e.g, a radioactive material; H. Kiihne, to ultra-violet rays of a mercury arc lamp ; 
and A. Cochn and H. Becker, to ultra-violet rays, at a temp, above 300®— vide supra, 
sulphur dioxide. 

Although H. Buff and A. W. Hofmann, 10 and H. St. C. Deville obtained sulphur 
trioxide by the action of an electric spark discharge on a mixture of sulphur dioxide 
and oxygen, A. F. C. Reynoso patented a process for making sulphur trioxide by 
sparking a compressed and cooled mixture of sulphur dioxide and atm. air. 
\'ariou 8 modifications—by L. Bradley, W. Garroway, W. J. Kee and U. Wedge, 
H. Riesenfeld, H. V, Welch, H. M. Weber, etc.—have been devised for dealing 
with burner gases, etc. 

L. Wacker proposed to prepare cone, sulphuric acid by the electrolysis of 
water or dil. sulphuric acid through which a continuous stream of sulphur dioxide 
is passed. Modifications were devised by L. P. Basset, C. F. Bohringer, G. C. de 
Briailles, A. Fischer and G. Delmarccl, A. Friedlander, A. von Gratzel, C. JB. Jacobs, 
A. C. Johnson, P. 6 . Salom, etc. F. P. van Denberg electrolyzed molten calcium 
sulphate and subsequently hydrated the sulphur trioxide which was evolved. 
According to E. R. Watson, sulphuric acid and sodium hydroxide can be obtained 
by the electrolysis of a 40 per cent. aq. soln. of sodium sulphate, employing a 
platinum, iron, or copper cathode and a platinum, lead, or carbon anode, a current 
density of about 4 ampi^res per sq. dcm., and a potential difference between the 
electrodes of about 5 volte, starting the electrolysis at about 30® and allowing the 
temp, to rise to about 40°; conversion into sodium hydroxide and sulphuric acid 
can be effected with a current efficiency of about 90 per cent., and an energy efficiency 
of about 50 per cent, provided electrolysis is not carried beyond an average con¬ 
version of about 25 per cent. Nearly all the sodium sulphate may be crystallized 
out of the alkaline liquor, leaving sodium hydroxide in the mother-liquor nea,rly 
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pure, and sodium hydrosulphate may be similarly obtained from the acid liquor. 
Sulphuric acid is best produced from the sodium hydrosulphate by distillation. 
The process was investigated by H, V. Atwell and T. Fuwa. According to R. Saxon, 
the electrolysis of a soln. of an equimolar mixture of copper sulphate and ammonium 
aluminium sulphate yields a soln. of sulphuric acid which may reach a cone, of 
17 per cent, in 7 hrs. Simultaneously copper is deposited on the cathode and 
aluminium hydroxide in the catholyte. 

The sulphates of the alkalies, alkalim^ earths, and lead are not appreciably 
affected,. chemically, at a red-heat, but the hydrosulphates form pyxosulphates, 
which split up into the normal sulphates ancl sulphur trioxide ; but while the 
reaction can be utilized for the manufacture of fuming sulphuric acid, the cost is 
too great for the ordinary acid. The ferric and aluminium sulphates and other 
acid sulphates yield sulphuric acid at a comparatively low temp., but the other 
sulphates, requiring a high temp, for their decomposition, yield sulphur dioxide* 
and oxygen, and comparatively little sulphuric acid or sulphur trioxido. Most of 
the sulphates, too, require sulphuric acid for their prej)aration in the ordinary way ; 
and the cost is too great except in the case of ferric sulphate for the manufacture of 
fuming acid, discussed by F. 8 . Wartman and H. E, Keyes,and 0. 0. Ralston. 
The enormous stores of gypsum or anhydrite in nature have incited many to devise* 
attempts to tap the contained sulphuric acid. For instance, a series of j^rocesses— 
by M. Kuenzi, E. Frerny, W. Townsend, C. von Grabowsky, E. V. Evans, 
H. A. Archereau, H. Hilbert, H. Trey, R. Wedekind, V. Cummings, etc.—are based 
on driving out the sulphur trioxide or sulphur dioxide and o.xygen by heating 
gypsum with quartz, sand, clay, etc., with or without iron oxide or pyrites. 
0 . Kohsel heated a mixture of finely ground gy})sum and coal dust so as to form 
carbon dioxide and calcium sul]>bide. The carbon dioxide was passed over he.ated 
water and caleium sulphide from a previous operation so as to form calcium car¬ 
bonate and hydrogen sulphide. The hydrogen sulphide was Imrnt for sul])hur 
dioxide, which was then delivered into tin* lead-chambers and treated in the ordinary 
manner. 0 . Schott used a mixture of sodium sulphate, gypsum, and coal, and 
employed the resulting frit for glass making. A. Scheurer-Kestnor, M. Martin, 
and J. Anzies heat(‘d calcium or magnesium sulphate with ferric oxide, with or 
without coal. B. Dirks prepared ammonium sulphate by the action of ammonia 
and carbon dioxide on gypsum ; treated the ammonium sulphate w'ith phosphoric 
acid, and decomposed the resulting ammonium phosphate by heat to recover the 
animonia and phosphoric acid. W. Domiriik, and I. Moscicki and W. Dominik 
discussed a modification of this process. Many processi's have been devised 
for obtaining sulphuric acid from alkali hydrosulphates— e.g. nitre-cake. 
E. R. Watson described a pro<jess fur making sulphuric acid and sodium hydroxide 
by the electrolysis of sodium sulphate. 

The chamber process of manufacture. —In the chamber process of making 
sulphuric acid,i* there are involved : 

1 . The burners, —The sulphur dioxide is made in the burners, (1) by the com¬ 
bustion of sulphur (brimstone); ( 2 ) by heating pyrites, zinc blende, the spKmt 
oxide from gas-works, etc., in a current of air; or ( 3 ) by the combustion of 

sulphide, etc .—vide supra, sulphur dioxide. Air is drawn through 
the burners in excess of that required for oxidizing the sulphur. The necessary 
draught is regulated by chimney, or fans. The burner gas contains sulphur dioxide, 
nitrogen, and oxygen. 

2 . Nitrating the gas .—For introducing nitrous fumes into the gas, a mixture of 
sodium nitrate and sulphuric acid is heated in the track of the hot burner gas, or 
nitric acid is introduced into the liquid which trickles down the Glover’s tower; 
or nitrous fumes are introduced into the lead chambers.i^ 8 . F. Spangler discussed 
the use of ammonia-oxidation plants in place of the nitrate process ; and R. Tern, 
the oxides derived from the oxidation of air. 

3. The Glover's tower .—The hot mixture of air and sulphur dioxide passes up a 
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tower packed with flints, volcanic lava, or blue bricks, down which trickles a mixtuic 
of a weak acid from the lead chambers and the strong nitrated acid which has been 
used to absorb nitrous fumes, and recovered in the Gay Lussac’s tower to be 
described later. The tower is lined with volvic lava, or blue bricks. The functions 
of the Glover’s tower are : (1) to recover the nitrous oxides from Gay Lussac’s tower; 
(2) to cool the gases from the burners ; (3) to help to concentrate the acid trickling 
down the tower ; (4) partly to oxidize the sulphur dioxide from the burners ; and 
(5) to introduce the necessary nitric acid into the lead chambers by running nitric 
acid down the tower along with the nitrated acid or nitrous vitriol from the Gay 
Lussac’s tower. Before the acid reaches the foot of the tower it is fully or almost 
fully denitrated: 2 (N 0 i)HS 03 +S 02 + 2 H 20 - 3 H 2 S 04 + 2 N 0 . 

4. The lead reaclion'Chambers .—The mixture of air, sulphur dioxide, and nitrous 
fumes passes into a set of three leaden chambers—may be a total capacity of 150,000 
cubic feet—into which steam is blown from low press, boilers. The gases in the 
(‘hambers are thus intimately mixed. The oxidation of the sulphur dioxide mainly 
occurs in the first two chambers. The gases are passed through the chambers 
slowly 60 as to allow time for all the sulphur dioxide to be oxidized. The third 
chamber serves mainly to dry the gases. The chambers are kept cool enough to 
cr>ndense the sulphuric acid which collects on the floor and is drawn ofi periodically. 
It is called chamber acid. Chamber acid contains between 62 and 70 per cent. 
iLS 04 . 

The eost of erecting and maintaining the leaden reaction chambers, and the large ajnoimt 
of space they occupy, have incited inventors to devise methods fur rc*ducmg tJio cajiacity 
of the chamlKirs, or for substituting less cosily plant. The proposals for manufacturing 
sulphuric acid in a diminished space are based on the assumption that if the ga.ses were 
betUT mixed the sulphur dioxide would be more quickly oxidized, and smaller chambers 
would be practicable. K. Abraham studied the movements of tho gases in the ( hambors. 
The bettc’r mixing of the gase^ can be effected by artificial draughts. T. Kichters pro¬ 
posed to mix tho gases by introducing a steam injector which aspirated the gases from the 
lower part of the chamber and re-introduced them at tho top. Various modifications of 
the idea have been proposed by N. P. Pratt, O. Guttmonn, H. Rabo, A. Boult, F. Blau, 
.1. A. Hart, O. Wontzki, Thomson-Houston Co., G. K. Davis, H. Porter, T. Meyer, K. Hart- 
inarm ami F. Benkor, etc. The mixing of the gases can be accelerated by the use of specially 
shaped chamlx^rs. Thus, in F. and T. Delplace’s annular chambers, the gases are con¬ 
tinually ehonging their direction owing to the shape of the chambers. F. J. Falding used 
a very tall chamber trusting to convection currents to hasten the mixing. This system 
has been discussed by F. J. Falding and W. K. Cathcart, H. Petersen, E. Hartmann, 
G. Lunge, K. Hoffmann, etc. T. Meyer devised what he called tangential chambers 
arrang<Hl so that tho entrance pipes form a tangent with the walls of the aimular chambers. 
The ga»f*s circulate round and round before finding their exit from the ceutren G. Lunge 
discusfcKd this system. Modifications have been devised by 0. W. Crosse-Legge, J. Harris 
and D. H, Thomas, H. V. Welch, K. E. Dior, S. Zeromsky, etc. 

In another set of proposals for reducing the capacity of the chambers, the chamber 
gases are exposed to a greater surface to facilitate tiie condensation of the mist. J. Mactear 
showed tlmt a tray 1 sq. ft. area placed in a vitriol chamber collected 708 grins, of sulphuric 
acid in 24 hrs.; if 12 pieces of glass strips 12 x 6 in. were placed vertically in the tray, the 
amount of acid obtained rose to HJ41 grins., and when the glass atrips were placed hori¬ 
zontally, the amount of acid rose to 3226 gnns. The idea of introducing glass sheets 
into the chambers was proposed by W. Word; and various other materials were used by 

V. Brulfcr, K. Walter and E. Boeing, L. G. Fromont, H. R. Dawson, etc. 

Another way of increasing tho production of acid is by the ust' of intermediate or 
reaction towers for mixing and cooling tho gases between the chambers. This is illustrated 
by the towers discussed by J. Thyss,*^ E. Sorel, Q. Limgo, P.W. Hofmann, H. H. Niedenfiihr, 
F. B. Hacker and P. 8. Gilchrist, R. H. Winsloe and B. Hart, B. Hart and G. H. Bailey, 

W. Wyld and 8. W. Shepherd, H. Rabe, etc. In the extreme case, the lead chambers 
are wliolly replaced by towers or their equivalent. This is illustrated by J. Barbior,** 
F. Beaker, F. Blau, A. Burkhardt, J. F. Carmichael and F. Guillaume, Chcmischo Fabrik 
Griesheim-Elektron, F. Curtius, A. G. Diiron, Durand, Huguenin and Co., A. W\ Fairlie, 
J. Feis, W\ Fulda, P. S. Gilchrist, O. Guttmanxi, B. Hart and G. H. Bailey, E. Hartmaxui, 
R. Hasonclevor, N. L. Heinz, N. L. Heinz and M. F, Chase, W. Hunt, E, W, Kauffmann, 
Keltenbach Pipe Process, P. Kestner, N. Krantz, W, F. Lamoreaux, E. L. Lerison, S. Litt- 
mann, A. MacDougal and H. Rawson, J, Mackenzie, T. Meyer, R. Moritz, 0. Muhlhiiuser, 
O. Opl, P. Parrish, H. Petersen, P. Pipereaut, H. Porter, K. B. Quinan, C. J. Reed, 
O. Schlicbs, T. Hchmiodel and H. Klencke, Steuber and Co., J. Thedo, L. A. Thiele, 
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S. J. Tungay, H. Vollberg, W. H. Waggaman, K. Walter and E. Bocnig, U- Wedge, 
O. Wentzki, etc. 

5. The Gay Lussaca tower. —The excess air which leaves the lead chambers is 
highly charged with nitrogen oxides. These are recovered by causing the exit of 
gases from the chambers to pass up a tower, packed with coke, down which cone, 
sulphuric acid is trickling. G. Lunge,^3 and P. E. Hall well showed that coke slowly 
reduces nitrous acid or nitroxylsulphonic a<‘id to nitric oxide, and a packing made 
from glass, or vitrified bricks or stoneware of special shapes is in many cases pre¬ 
ferred. The packing of gas scrubbing towers was discussed by S. J. Tungay, 
F. G. Donnan and I. Masson, and F. C. Zeisberg. The cone, acid absorbs the nitrous 
fumes, forming nitroxylsulphonic acid. Nitric oxide is not absorbed, but nitrous 
acid and nitrogen peroxide are absorbed.^^ The nitrated acid or nitrous vitriol 
which collects at the foot of the Gay Lussac’s tower is pumped to the top of the 
Glover’s tower along with some of the more dilute chamber acid. The nitrated 
acid trickling down the Glover’s tower loses the absorbed nitrous fumes and some 
water. The acid which collects at the foot of the tower contains about 80 per cent. 
H2SO4. 

6 . The concentration of the acid. —The chamber acid is not allowed to attain a 
higher concentration than about 62 to 70 per cent. H 2 SO 4 , because a more cone, 
acid begins to absorb the nitrous fumes from the chambers. The chamber acid is 
therefore concentrated further cither in the Glover s tower as indicated above, or 
in leaden concentrating pans until it contains about 79 per cent, of H 2 SO 4 . If the 
acid be much more cone, than this, it begins to attack the lead evaporating pans 
rather seriously. This acid is now called B.O. V. or brown oil of vitriol —its brown 
colour is due to the presence of organic matter. H. de Hemptinne 25 recommended 
concentrating the acid in vacuo at 200®~205® when lead is not perceptibly attacked. 
The further concentration of the brown oil of vitriol is ellected either by boiling it 
in vessels or stills of glass, vitrified quartz, platinum, or acid-resisting alloys. The 
acid may also be placed in these stills direct from the chambers. At first, very weak 
sulphuric acid distils over. The cone, of the acid in the still gradually rises until 
it has about 98*3 per cent. H 2 SO 4 — vide infra, physical properties. Any further 
concentration cannot be done by evaporation since the acid itself then distils over. 
The further concentration of the acid, in the event of its being required, was effected 
by G. Lunge,26 and H. Osterberger and E. Capella, by cooling the cone, acid, and 
crystals of 100 per cent, H 2 SO 4 were obtained. 

W. Strzoda concentrated sulphuric acid by first evaporating it in open lead pans 
to a sp. gr. 1*7; and then passing the acid downwards through vertical pipes 
externally heated. The vapours pass through a tower, where they are separated 
into an acid of sp. gr. 1-7 and steam. The acid passes back into concentrating 
pipes. The acid obtained in the process is 97 to 98 per cent, strength. Numerous 
observations 27 have been made on the concentration of sulphuric acid. P. Vaillant 
discussed the theory of the evaporation. The consumption of heat in the concentra¬ 
tion of sulphuric acid has been discussed by L. Cerutty,28 C. Tyler, P. S. Gilchrist 
F. C. Sutton, and F. C. Zeisberg. The general subject of the concentration of the 
acid is the subject of a work by J. W. Parkes. F. Tate discussed the merits of various 
systems of concentration in platinum vessels, in W. C. Heraeiis’s vessels of platinum 
plated with gold; in vessels of porcelain; and in vessels of iron, or enamelled 
iron. A. Scheurer-Kestner described the losses attending the use of platinum 
concentrating pans ,* and F, Liitz, the use of glass vessels. Electrical heating was 
discussed by A. H. Bucherer, and C. Haussermann and F. Niethammer. 

The distillation of sulphuric acid is too costly an operation except for s{>ecial 
purposes. As the quantity of acid in the retort diminishes, lead sulphate may 
separate from the liquid. The acid is particularly troublesome to boil because of 
that percussive ebullition called bumjnng. The acid appears quite tranquil for a 
little while, and as soon as a certain amount of heat has accumulated in it, a great 
volume of vapour id suddenly evolved, and acid may be projected violently into 
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the receiver, and the retort broken. J. L. Gay Lussac said that platinum foil 
may counteract the violent bumping to some extent; A, Bobierre recommended 
platinum, and ¥. M. Raoult, hard gas carbon which is only slightly attacked 
by the boiling acid. J. J. Berzelius showed that the efficacy of the platinum 
ceases after a while ; and he recommended applying the heat only to the sides of 
the retort, not to the bottom. According to J. Reese, this condition is obtained 
by resting the retort on a base of a bad conducting material—ashes, sand, etc. 
A. Muller used a ring burner. W. Dittmar recommended drawing a thin stream of 
air through the boiling acid. 

Instead of using glass reports, C. Nogrier used a series of porcelain dishes arranged so 
that the h|> of one dish projects over the next dish. The dishes are placed in series and 
heated from below, while the acid to bo concentrated runs from the highest to the lowest 
dish. This furnishes the caarade aystrrn of conrerUrcUion. F. Benker improved tlio process 
by enclosing the dishes in a chainl)er of volvic lava so that the flue gases are kept separate 
from the acul vapours which are condensed in a lead-lined box filled with granular stonc^- 
waro or silica. An acid containing 97 98 per cent. H^SO^ can be so obtaineil. The basins 
may bo of vitreous silica, or one of the 8 o-(‘alled acid-r(‘sisting alloys. The basins maj’^ bo 
associated with leaden pans for the preliminary heating. Cast-iron dishes are also used 
for the concentration of acid from 94 to 98 per cent. H 2 SO 4 . The action is slight, and most 
of the iron separates from soln. as insoluble sulphate as the acid becomes highly cone. 

The concentration of sulphuric acid by hot-air is displacing the cascade system. In 
L, Kessler's hot-air 'firocesa^^^ the hot gases from a producer charged with coke are drawn 
over the suHace of the acid by mCans of a steam exhaust. The acid is contained in a 
trough of volvic lav'a, and the vapour pabsc>s up a short tower down which dil. acid is trick¬ 
ling. The acid vapours arc hero partly absorbed, and the remainder is arrested by a lead* 
lined condenser filled with fragments of coke. T. C. Oliver, P. S. Gilchrist, and others 
l,avo modifie^i the plant. The concentration \i\ A, Gaillard'a spraying process is effected 
by hot-air. The dil. acid is sprayed into the top of a cylindrical tower of volvic lava, the 
hot gases from a coke prodiu'cr enter at the bottom of the tower. The hot gases passing 
away from the top of the tower are scrubbed in a chamber filled with fine coke to remove 
the acid vapours. The acid is in a cone, condition as it arrives at the bottom of the tower, 
'rhe process was examined by J. W. Parkes and K. G. Coleman, A. Hutin, A. G. Duron, 
aiul G. Stolzenwald. M. Kaltenbach investigated tlie electrostatic precipitation of tfio 
mist from the sjiray concentration plant. 

The purifraiion of sulphuric acid, —Commercial chamber acid always contains 
a number of impurities derived partly from the raw materials— e.g. pyrites in the 
burners, the nitre, the lead of the chambers, etc. Thb impurities may be hydro¬ 
chloric acid from the nitre (J, McMullen, ^2 p, J, Kane, and J. F. W. Johnston), 
hydrofluoric acid (J. Nickles), sulphur dioxide, selenium, nitrogen oxides— e.g. 
nitric oxide, and nitrous and nitric acid, alkalies from the nitre (J. F. A. Gottling), 
copper (J. J. Berzelius, and J. B. Trommsdorfl), calcium and magnesium 
(G. H. Pfaff), zinc and mercury (J. J. Berzelius), aluminium, thallium (W. Crookes), 
titanium (C\ H. Pfafl), tin (J. J. Berzelius), lead, arsenic, antimony, iron 
(E. Kauder), arsenic (J. J. Berzelius), and organic matter, A sample of ordinary 
coinmerical sulphuric acid of sp. gr. 1-7 was found to contain in grams per litre : 

As^Oj A!9,()5 hoi N2O3 FC8O4 Al2(804) Cu, Zn. Pb, Se, Sb, Bl 

318 2*5fi 008 0-52 0-56 0-46 traces 

The impurities are usually present in proportions too small to be injurious for many 
of the uses to which the acid is a})pliod; but there are rases where the impurities 
may cause trouble. Thus, B. Deutecon ^4 found that a minute proportion of 
mercury may make flie acid less suitable for pickling brass objects ; nitric acid 
may cause wool to be stained in the carbonizing process, arsenic and chlorides 
render the acid unsuitable for storage batteries, and F. J. Falding showed that 
such an acid is unsuitable for preparing certain colours, and for pickling iron 
previous to galvanizing or tinning. Arsenic is also considered objectionable when 
the acid is to be used in the preparation of foodstuffs, and me<licines. F. Schultz 
found that refined white petroleum becomes yellow when agitated with sulphuric 
acid containing a. little selenium. K. Barruel showed that the sulphuric acid 
contaminated with nitrogen oxides may attack ])latinum, and particularly so if 
VOL. X, 2 n 
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chlorides be present. The nitrogen oxides and arsenic are important enough to 
require very special attention. The brown colour of sulphuric acid is attributed 
to organic matter which is destroyed when the acid is further concentrated. 
R. Norrenberg alluded to a red colour produced by the contact of sulphuric acid, 
containing a little nitrous acid, with iron tanks. Selenium may colour sulphuric 
acid red or green as indicated below. The presence of lead sulphate, and of selenium, 
may also cause the acid to appear muddy, and ultimately form a sediment— 
F, von Giese. 

According to G, Lunge and W. Abenius,^^ nitrogen compounds may be present 
as nitric oxide, and as nitroxylsulphonic, nitrous and nitric acids; and, according to 
J. Kolb, nitric acid can be present in acids with a lower cone, than sp. gr. 1-84. 
The detection of these compounds was discussed by E. Barruel, E. Desbassayns 
de Richemont, V. A. Jacqiielain, E. Kopp, G. Lunge, A. Rose, H. Schiff, A. Vogel, 
H. W. F. Wackenroder, R. Warington, J. H. Wilson, and C. Wittstock. Most 
of the nitrogen compounds are expelled from sulphuric acid when the arsenic is 
removed by hydrogen sulphide. A. Kemp, and A. Payen described a method of 
treating the acid with sulphur dioxide to remove the nitrogen oxides ; E. Barruel, 
and P. Schwarzenberg, by treating the heated acid with finely-divided sulphur, hut 
F. Bode said that the process is not efficient; J. Lowe recommended oxalic acid ; 
H. D. Steenbergen, agitation with mercury; H. W. F. Wackenroder, sugar ; 
W. Skey, charcoal—only for the dil. acid ; K. Rosenstand-Woldike, lead or barium 
dioxide ; and J. Pelouze, ammonium sulphate. The ammonium sulphate treat¬ 
ment has proved the most satisfactory of reagents. The process was examined 
by J. Pattinson, W. F. Gintl, and G. Lunge and W. A. Abenius. 

Sulphuric acid prepared from sulphur does not usually contain arsenic, and if 
arsenic be present, it is only in insignificant traces. Spent oxide from gas-works 
yields an acid with 40 to 50 parts of arsenic per million, while acid derived from 
blende, or p3;Tites, usually contains more arsenic. According to P. Parrish,^^ 
30 per cent, of the arsenic in the pyrites will be found in the chamber and 20 per 
cent, in the unvolatilized cinders, and about 50 per cent, in the acid from Glover’s 
tower. M. Stahl found that with Spanish pyrites, the acid from the first chamber 
contained 0*16 per cent. AS2O3 ; from the second, 0*01 per cent. ; from the third, 
0*007 j)er cent.; and from the last, only a trace ; while wdth pyrites from Virginia 
containing less arsenic, the acid from the first chamber had 0*005 per cent. AsgOg; 
and acid from the other chambers, none. In some cases, where the gas from the 
burners passes through chambers for collecting dust, much of the arsenic is arrested 
as arsenical flue dust.^® C. L. Bloxarn found that all the samples of commercially 
pure acid which be examined contained traces of arsenic ; acid purified by heating 
with sodium chloride, by distillation with potassium dichromate, and by partial 
electrolysis, all contained traces of arsenic. E. W. Martius,®® H. W. F. Wacken¬ 
roder, F. P. Dulk, H. D. A. Ficinus, J. B. L Arthaud, A Vogel, F. Selmi, E. Seybcl 
and H. Wikander, H. Hager, L. Rosenthaler, R. Kissling, G. Bressamin, etc., studied 
the occurrence of arsenic in sulphuric acid. According to E. E. Hjelt, the arsenic 
in the acid from Gay Lussac’s tower contains nitrous vapours in soln., and these 
oxidize the arsenic to the pentoxide, whereas in Glover’s tower the excess of sulphur 
dioxide converts the arsenic to the trioxide. The high-valent arsenic does not 
volatilize when the acid is distilled, whereas the low-valent arsenic is volatile. 
Hence, A. Bussy and H. Buignet, F. M. Lyte, M. Blondlot, and W. R. Hardwick 
oxidized the arsenic to the non-volatile, quinquevalent form by the addition of 
nitric acid. The acid can then be mixed with a little ammonium sulphate to destroy 
the nitrous acid, and then distilled. M. Blondlot said that an excess of ammonium 
sulphate reduces quinquevalent arsenic to the volatile, tervalent form. This 
A. Bussy and H. Buignet deny. F. M. Lyte destroyed the nitrogen compounds in 
the acid by heating it with oxalic acid to 110°, and adding potassium dichromate 
to the acid cooled to 100°. This oxidizes the arsenic, and the liquid yields arsenic- 
free sulphuric acid when distilled. Potassium permanganate can also be used as 
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the oxidizing agent. M. Morancf^ tried to purify the acid by fractional freezing, 
but the separation of arsenic was not complete. R. S. Tjaden-Moddcrmann, and 
A. A. Hayes also proposed to purify the acid by freezing. E. Gothard recommended 
removing arsenic by shaking the acid with colzer oil so as to precipitate the arsenic, 
lead, etc., in the form of soaps. 

Many have suggested removing the arsenic as volatile trichloride by heating 
the acid with hydrogen chloride— e.g. G. D. Beal and K. E. Sparks, above 125'’— 
the b.p. of arsenic trichloride—and at a much lower temp, than the b.p. of the acid. 
1'hus, L. A. Buchner first destroyed the nitrogen oxides with oxalic acid, then 
re'duced the arsenic to the tcrvalent form by heating the acid with carbon, and 
then passed a current of hydrogen chloride through the liquid. A. Bussy and 
H. Buignet said that this process does not give a satisfactory result, but 
L. A. Buchner said that this only occurs when quinquevalent arsenic is not reduced 
to the tervalent form. J. Lowe heated the acid with sodium chloride, and 
H. Schwarz with a mixture of sodium chloride and charcoal dust. W. Tod added 
tliat a temp, of 130°-140*^ is sufficient when hydrogen chloride is used, and 180"~ 
190'^ with sodium chloride. J. L. Smith said that neither process is sufficient to 
remove all the arsenic. N. Griiger used barium Chloride ; F. Selmi, lead chloride ; 
(L Bressanin, hydriodic acid ; and H. Hager, chloroform. The United Alkali Co., 
and W. W. Orowther and co-workers have many patents for the removal of arsenic 
as volatile chloride. If selenium be absent, the arsenic can be reduced with sulphur 
or charcoal, and hydrochloric acid, and if selenium be present, sulphur is not 
advisable. W. Hasenbach, and the Verein Chemischer Fabriken, Mannheim, 
recommended extracting the arsenic trichloride with hydrocarbons, mineral oils, 
and glyc€»rides ; the Cheinische Fabrik Griosheim-KJektron, with benzene or its 
derivatives— e.g, dichlorobenzene—or with carbon tetrachloride or acetylene 
tetrachloride. If chamber acid is being treated, a little iodine or hydriodic acid and 
sulphur dioxide is reconimemh^d for reducing quinquevahmt arsenic to the tervalent 
form. The removal of arsenic as sulphidi', was formerly used because impurities 
like lead, antimony, and selenium are removi'd at the same time, and sulphurous, 
nitrous, and nitric acids are df‘stroyed. The precipitation of quinquevalent arsenic 
is much slower than is the ease ^vith tervalent ar8(‘ni(\ M. A. KolontayelT 
recommended an electrolytic j)roee8s. raleium sulphide or alkali waste has 
been recommended as preci})itant ; A. Dupasquier used barium sulphide ; 
J. L. Smith, ferrous sulphide ; J. L. Smith, and L. Uuchcr, alkali sulphides ; and 
(b Thomson, ammonium sulphide. AV. Thorn, and R. Wagner recommended 
sodium or barium thiosulphate. Various modes of applying hydrogen sulphide 
for tlie purpose have be<m suggested by W. Hunt, K. Scheringa, G. E. Davis, 
A. A. Hayes, H. E. J, ('ory, The United Alkali Co., 1. F. J. Kupfferschlager, 
T. S. Moore, G. E, Clark, and R. Bithell and J. A. Beck. L. W. McCay heated the 
acid with the gas at ICX)'’ under press. G. Lockemann, and T. S. Moore studied the 
general subject of the dearsenifioation of sulphuric acid. Like arsenic, antimony is 
removed from sulphuric acid as sulphide ; similarly also with lead. When cone, 
sulphuric acid is diluted, a white turbidity of lead sulphate appears. The subject 
was examined by A. A. Hayes, G. C. Wittstein, P. A. Bolley, J. Lowenthal, etc. 

A. Dupasquier showed that cone, sulphuric acid containing lead does not give a 
precipitate with hydrogfui sulphide. M. A. Miro7)oljskaja said that the mercurx^ 
which is not removed from sulphuric acid by distillation, can be separated hy 
electrolysis with a gold anode. 

Selenium occurs in sulphur pyrites, and it may find its way in the flue-dusi, in 
the chamber mud, and, as shown by G. E, Davis,^o (b Lunge; and P. Kienlen, in 
sulphuric acid. This subject was discussed by J. l^crsonne, J. G. Dragendorfi, 

B. Schmidt, G. Lupge, A. Lamy, F. Schultz, A. Scheurer-Kestner, A. Jouve, 
N. A. Orloff, M. P. Sergeeff, L. Deutsch, F. Schlagdenhaufen and C. Pagel, etc. 
According to A. E. Drinkwater, selenium is present as selenium dioxide or as 
selenium; R. Littrnann said that, contrary to F. Winteler, he did not find selenie 
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acid in the chambers ; it is formed only in the presence of the strongest oxidizing 
agents, and the conditions for its formation do not occur in the chambers under 
normal conditions. In the burner gas the excess of sulphur dioxide reduces the 
selenium dioxide to s<‘leniiiTn. He said that the dark red sludge observed in the 
hot acid from Glover’s tower contains 2-4 per cent, of the total selenium in 
the ]»yrites. Incompletely denitrated Glover’s acid contained all its selenium in the 
form of st‘Ienium dioxide ; dil. samples of Glover’s acid, on the other hand, con¬ 
tained a part, of the selenium in some other form of combination in which it had 
the property of being precipitated from soln. as a red powder by merely diluting 
the acid ; in such cases the precipitation of red selenium on dilution could be pre¬ 
vented by drawing a feeble stream of nitric oxide through the acid immediately 
aft(*r it had been diluted. Inasmuch as only about 20 per cent, of the selenium 
from the pyrites can be accounted for in the Glover’s tower, it follows that the 
major portion must pass on to the chambers. The tubes leading from the Glover’s 
towei to the chambers contained both rod selenium and the combined form, but no 
dioxide. The gr(‘en colour of the ordinary commercial acid is due to the presence 
of the compound SeSOs ; when this acid is further cone, it becomes colourless 
owing to the conversion of this substance into the colourless Se02. Wherever 
nitrosylsulphuric acid i.s formed or decomposed, either of the various forms of 
selenium is converted into selenious acid ; and the main quantity of the selenium 
escaping from the pyrites exists in the form of a very volatile labile combination 
corresponding with a lower state of oxidation, such as SeO ; in this form it is 
readily reduced to elementary selenium or oxidized to selenium dioxide. J. Personne 
said that selenium can be removed by diluting the acid with three vols, of water, 
and precipitating with sulphur dioxide ; F. Schlagdenhaufen and C. Pagel rectified 
the acid by distillation from potassium dichromate ; and A. E. Drinkwater, by 
heating it with sodium chloride, when the selenium passes off with the hydrogen 
chloride. 

P. Askenasy purified sulphuric acid by electrolyzing the agitated liquid with 
lead electrodes at ordinary or a slightly elevated temp., with a current density of 
1-2 amps, per sq. decimetre, and 6 volts. The ozone which is formed destroys 
organic substances and hydrochloric acid ; finely-divided sulphur reduces the 
nitrogen oxides ; and the hydrogen sulphide precipitates n)etals, etc. 

lie theory of the lead chambers. —The catalytic action of the nitrogen oxides 
on the oxidation of moist sulphur dioxide in the lead chambers has given rise to 
much discussion. F. (’loment and J. B. Desonnes opened up the. subject in 1795. 
All are agreed that the oxidation is not directly effected by oxygen ; but an inter¬ 
mediate compound is formed ; so that the reaction is really a cyclic process involving 
(he alternate formation and decomposition of the intermediate compound. Start¬ 
ing with nitric acid, E. M. Peligot supposed that this compound is reduced to 
nitrogen peroxide: 2HN034-S02=H2S04+2N02; and that the nitrogen peroxide 
is reoxidized to nitric acid and nitric oxide: 3N02+n20~“2HN03-fN0. The 
jiitric oxide is then oxidized to nitrogen peroxide: 2NO-f O2— 2NO2, which is then 
reduced to nitric oxide : NO2+SO2+H2O--H2S04~i-N0, and so on ad infinitum, 
or until the nitrogen oxide is dissolved and carried away by the sulphuric acid, 
or by the outgoing chamber gases. This theory was adopted by J. Kolb; and 
J. Pelouze and E. Fremy, G. Lunge, G. E. Davis, E. Jackson, J. Mactear, J. Hurter, 
E. K. Muspratt, E. Sorel, and J. K. H. Inglis believed that the mechanical losses 
constitute the greater proportion of the total loss; while G. Eschellman believed 
that 78 per cent, of the total loss is due to secondary chemical changes in the 
chambers. E. M. Pedigot suggested that some nitrogen oxide is lost by a side 
rf‘action—reduction to nitrous oxide or nitrogen which can no longer take part 
in the cycle. F. Kuhimann, however, said that under ordinary conditions the 
supposed side reaction: 2802+2N0-f-2H20—2H28O4+N2, does not occur; and 
R. Weber, and E. Fremy said the same thing about the supposed side reaction : 
3HO24 2NO2 f 3H20^3H2‘^04+N20 . j. Pelouze, C. Irwin, R. Weber, and 
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G. Lunge showed that when in contact with water or dil. sulphuric acid, the higher 
nitrogen oxides are slowly reduced to inactive nitrous oxide by sulphur dioxide : 
N2O4+3SO2+3H2O-3H2SO4+N2O; N0O3+2SO2+2H2O-2H2SO4+N2O; and 
2NO+SO2+H2O- “N2O4-H2SO4, in contact with a more cone, acid, these reactions 
take place very slowly or not at all. Consequently, these losses occur only when 
water or steam is in exc<*8s, or in the vicinity of the entering steam. C. Irwin said 
that the reactions : 2(N02)HS03+S02+2H20 ~3H2S04+2N0; and 2(N02)H803 
+2S02+3H20= 4H2SO4+N2O may occur; and W. Hemj>el showed that in the 
I^resence of a large excess of sulphur dioxide and water, nitric oxide is almost 
completely reduced to nitrous oxide, only very small quantities of nitrogen ar(‘ 
formed, and T. L. Bailey observed that in the presence of sulphuric acid the reduc- 
^tion of nitrous acid to nitrous oxide occurs provided the acid has a sp. gr. less than 
1‘225. Some reduction does occur ; J. K. H. Inglis could account for only a 10 
per cent, loss by reduction to nitrous oxide; W. Hernpel and 0. Heymann observed 
greater losses. It is, therefore, admitted that some of the active nitrogen oxide 
is reduced to a passive oxide ; F, Raschig even went so far as to say that some 
reduced to ammonia, for he detected ammonia in the chamber acid when an excess 
of sulphur dioxide is present. In general, however, any ammonia present would 
react with nitrous acid to form nitrogen and water. 

Returning to E. M. lYligot’s hypothesis, J. J. Berzelius, and R. Web< r raised 
the objection that sulphur dioxide is oxidized by nitric acid only at a high temp. 
- -say 80""- -and cone., and only a trifling oxidation occurs under the conditions 
which obtain in the lead chambers. J. J. Berzelius represented the cyclic reactions : 
2S0.)-t~N204-+-21l20=2H2S04+2N0; and 2N0+02“N204 ; while R. Weber gave 
802+N203+H20=H2S04+N0, and 4N0+02==2N208; and W. 0. Reynolds 
and W. H, Taylor, SO2+H2O-H28O3; H2S03+N02=N0+H2S04 ; and 2NO+O2 
™2N02. These suggestions explain the facts as well as any other hypothesis 
which has been made. The early workers did not distinguish clearly between 
nitrogen trioxide and tetroxide ; in what follows nitrogen tetroxide and nitrogen 
peroxide, us well as the formulae NO2 and N2O4, are used indiscriminately for the 
same compound. Nitrogen trioxide is the anhydride of nitrous acid, and R. Weber 
said that nitrous acid is the intermediate compound which oxidizes sulphur dioxide 
to sulphuric acid, forming nitric oxide. This occurs only when the nitrous acid 
is dissolved in w’^ater or in dil. sulphuric acid soln. which can be obtained by the 
dissolution of nitrogen trioxide or tetroxide. In the latter case nitric acid is formed 
at the same time; while dil. nitric acid has very little effect on sulphur dioxide 
at ordinary temp., but the acid with nitrogen tetroxide dissolved in it oxidizes 
vigorously. Nitric acid is not formed in the normal working of the chambers, 
nor in the acid from Gay Lussac’s tower, hence the theory that the nitrous vapours 
are reduced down to nitric oxide is not in favour because the reoxidation of nitric 
oxide involves the formation of free nitrogen tetroxide and of nitric acid. There 
is another group of hypotheses in which imaginary intermediate compounds have 
been invented. The elusive and transient intermediate compound has not been 
isolated. F. Clement and J. B. D&ormes surmised that water is necessary for the 
reaction, and they observed the formation of white crystals which gave out nitrogen 
oxide gas when treated with water, and they suspected that this compound plays 
a prominent part in the formation of sulphuric acid. H. Davy showed that the 
reaction proceeds only in the presence of water, and if insufficient water is present, 
crystals of nitrosylsulphuric acid, (N02)HS08, the so-called chamber aM —are 
formed. Consequently, H. Davy, F. H. de la Provostaye, L. Gmelin, C. Winkler, 
R. W. Hasenclever, and G. Lunge suggested that this is the intermediate compound. 
G. Lunge and co-workers showed that (1) dry nitric oxide, out of contact with 
sulphuric acid, unitea with an excess of free oxygen to form nitrogen tetroxide, 
and if the nitric oxide be in excess, some nitrogen trioxide is also formed ; (2) in 
the presence of moisture, nitric oxide and an excess of oxygen form nitric acid ; 
(3) ^1. sulphuric acid of sp. gr. L405 acts like water, but a small quantity of nitrous 
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acid is formed—uitroxylsulphonic acid cannot exist in an acid of this cone. (4) If 
Jiitric oxide be slowly passed into sulphuric acid in the presence of oxygen, only 
that }>ortion of the nitric oxide in immediate contact with the sulphuric acid is 
not oxidized beyond the nitrogen trioxide stage, but all the nitric oxide not in con¬ 
tact with the acid behaves like tlie dry gas in th(‘ i^resence of an excess of oxygen, 
and forms nitrogen tetroxide. Hence, in 1888, G. Lunge summarized his theory : 
sulphur dioxide combines directly with nitrogen trioxide, oxygen, and a little 
water to form nitroxylsulphonic acid which tluats in the chamber as a mist; on 
meeting an excess of water, or dil. sulphuric acid, also floating about as a mist, the 
nitroxylsulphonic acid is split up into sulphuric acid, which settles to the bottom 
of the chamber, and nitrogen trioxide which begins to act again. Nitrogen trioxide, 
and not nitric oxide, is thus the carrier of oxygen. The formation of sulphuric 
acid is not brought about by the alternate oxidation of nitric oxide to 
nitrogen trioxide or tetroxid(‘, which is subsequently reduced to nitric 
oxide, but rather by a cycle of reactions involving the condensation of 
nitrous acid with sulphur dioxide* and oxygen to form nitroxylsulphonic 
acid : 2S0o+N203-l-02-f H20--!?(N(\.)HS()3, followed by the splitting up of the 
nitroxylsulphonic acid by the excess of water, 2{N()2)HS03-f 2HoS04+N.>03, 

or (N02)HS03+H20~IL804 f ilNOa J (B02+HN02^-0)^as--(N02.HS03),;;^,^; 
and (N02.US03)„uttt+H20-II28O41 HNOo. If an excess of sulphur dioxide 
be present: N02.HS03+S02+2H2^“^3W2^^4"}"2N0, and the nitric oxide is 
oxidized ])y air to the trioxidi*. In favour of this hypothesis it is urged that 
the acid found in the chambers, the drips, and the bottom acid of the back chambers 
all contain nitroxylsulphuric ac^id. J. Hurter said that the relative amounts of 
acid formed in a series of chambers d(*crease approximat(*ly in geometrical pro¬ 
gression from the first to the last chamber. The subject was studied b}^ 11. S. Suiith, 
J. Mactear, N. Naef, G. Lunge and N. Naef, W. Crowder, and W. 11 Maudsley. 
G. Lunge and N. Naef, A. Schertel, and 8. Retter showed that the oxidation of the 
sulphur dioxide is rapid as far as the middle of the first chamber, after which it 
rapidly decreases ; and there is an abrupt revival when the gases enter the second 
chamber. A. Schertel interprets this to mean that the mist of nitroxylsulphonic 
acid formed in the second half of the first chamber remains uiidecomposed owing 
to the scarcity of steam, and that there is consequently a deficiency of the catalytic 
agent. As the gases enter the second chamber, fresh steam decomposes the nitroxyl¬ 
sulphonic acid, nitrogen oxide is liberated, and there is a renewed activity; the 
mist of nitroxylsulphonic acid is again formed, and the reaction is suspended 
in the second chamber as in the analogous case in the first chamber. Ho said 
that nitroxylsulphonic acid is fairly stable, and requires a large proportion of 
steam for its decomposition. E. Sorel assumed that in addition to the main 


reaction : 2S02+2N0-f30-f-H20~2(N02)HS08, a number of secondary reactions 
occur: 2N040=:N208; NO+O-NO2 ; 2S02+N203+02+H20-2{N02)HS03 ; 
2S02+3N20s+H20=2(N02)HS03-f 4NO ; and 2SO2+4NO2+H2O-2NO+O 
-f 2(N02)HS08. There are also the reactions 2(N02)HS03-f H20=~N203-f 2H2SO4; 
S02+N203+H20=H2S04 I ^NO. The objection has been raised by J. J. Ber 
zelius, and R. Weber that all this does not prove that nitroxylsulphonic acid is the 
real intermediate compound when the chambers are working under normal con¬ 
ditions. W. C. Reynolds and W. H. Taylor say that it may be regarded as doubtful 
if nitroxylsulphonic acid—chamber crystals—-plays an important part in the 
exchanges in the chambers themselves. E. Divers, indeed, expressed a doubt 
whether it is ever formed except by the action of sulphuric acid on one of the oxides 
of nitrogen, but as sulphurous acid reacts with soln. ,of chamber crystals, some 
sulphuric acid is possibly formed in this manner. Nitroxylsulphonic acid appears 
when there is a drought, i.e. a dearth of water. The nature of the intermediate 


compound may vary with the conditions of temp., and with the relative propor¬ 
tions of the reacting gases. Indeed, the cyclic of reactions may differ in different 
l>arts of the same chamber. 
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According to M. Neumann, the reactions in the Glover’s tower and in the 
chamber furnish nitroxylsulphonic acid: 2 S 02 + 2 N 0 + 30 +H 20 ~ 2 (N 02 )HS 03 
-f ( 2 a;+ 20 *l) Cals., which occurs in two stages: 2NO+O~N2O8+20*l Cals., and 
2 S 02 +N 208 -f 02+H20=2(N02)HS03+2a; Cals. On the other hand, whereas 
in the chambers nitroxylsulphonic acid reacts: 2(N02)HS03+H20=^2H2S04 
+N2O3, in the Glover’s tower it reacts with water and sulphur dioxide : 
2 (NO 2 )HSO 3 +SO 2 + 2 H 2 O- 3 H 2 SO 44 - 2 NO 4 -(a:+ 3 y- 20 -l) Cals. This reaction 
occurs in two stages: 2 (N 02 )HS 03 +H 20 == 2 H 28044 -N 20 s+ 2 y Cals., and 

N203+S02+H20~H2S04+2N0+(x+^— 20 * 1 ) Cals., where a ;+^=54 Cals. Since 
the denitration in the lower part of Glover’s tower implies the endothermic reduction 
of a mol of nitrogen trioxide to 2 mols of nitric oxide with the absorption of 20*1 
(/als., which are evolved again in the upper part of the tower, it is suggested that 
the operation be conducted in a series of towers, the upper parts of which are cool(*d 
and the lower parts are heated, while the apparatus is so arranged that as the ratio 
O2 : 802 increases and consequently the tendency against the reduction of nitrogen 
trioxide to nitric oxide, the gases be heated to a correspondingly higher temp., to 
favour the endothermic reaction. G. Hering said that nitrogen trioxide reacts 
more quickly than nitrogen peroxide—^if the former gas be really nitrogen trioxide 
(U'.r.) ; this is taken to support G. Lunge’s hypothesis. 

F. Raschig elaborated a counter-hypothesis. He stated that in the presence 
of a large excess of oxygen, nitric oxide is converted to the trioxide, not the tetroxide, 
but this is not in agreement with the known instability of the trioxide (q.v.). How¬ 
ever, G. Lunge showed that a mixture of nitric oxide and nitrogen tetroxide behaves 
towards sulphur dioxide the same as if it were nitrogen trioxide. F. Raschig 
assumed that dihydroxylamidosulphonic acid, N(0H)2.HS03, or nit rosy! sulphonic 
acid, NO.HSO3.H2O, is the intermediate compound formed by the union of 
nitrous and sulphurous acids : HNO2+SO2—NO.HSO3 ; and this is decomposed 
by more nitrous acid into nitric oxide, and sulphuric acid : NO.HSO3+HNO2 
--2N0-tH2S04; and the nitric oxide is then oxidized to nitrous acid : 
2N0+0-f'H20“—2HNO2, and the cycle begins anew. If the sulphur dioxide is 
in excess hydroxyimidodisulphonic acid, (H0)N(HS08)2, or nitrilotrisulphonic 
acid, N(H803)3, may be formed. G. Lunge objected that this hypothesis does not 
explain the presence of nitrogen tetroxide, and of nitroxylsulphonic acid in the 
lead chambers; and, further, that the reactiqn : 2N0+0+H20=2HN02, does 
not occur since nitric acid is quantitatively formed. This is in agreement with 
the observations of M. Bodenstein, and of E. Briner and E. Friddri. F. Raschig 
maintained that the constitution of nitroxylsulphonic acid is 02=N—SO2 -OH, 
ahd not 0 ==N— 0 —SO2—-OH ; and that reducing agents convert this into nitrosi- 
Bulphonic acid, 0 =N( 0 H)(HS 0 s), with quadrivalent nitrogen : NO.H8O3+HNOg 
~N 0 -f N0(0H)(HS03), the hydroxynitrosylsulphonic acid easily breaks down into 
nitric oxide and sulphuric acid: N 0 ( 0 H)(HS 08 )—NO+H2SO4. The hydroxy- 
nitrosylsulphonic acid {q.v,) was supposed by F. Raschig to be identical with the 
blue compound formed when an excess of sulphur dioxide is passed through a soln. 
of nitroxylsulphonic acid in cone, sulphuric acid, and the cause of the purple colour 
in the acid from Gay Lussac’s tower when an excess of sulphur dioxide is present. 
A controversy between G. Lunge, and F. Raschig on the merits of their respective 
hypotheses was summarized by 8. Hamburger, and W. Wyld, the general result 
of which is to show that F. Rasohig’s hypothesis is less probable because it is founded 
on too many questionable, auxiliary hypotheses, and that it does not explain the 
observed facts so well as G. Lunge’s. 

In 1904 , E. Divers attempted a reconciliation. He said that sulphuric acid is 
produced in the lead chambers by a reaction between the liquid and gaseous parts 
of the mist, in which the two transient intermediaries, nitrosylsulphonic and 
nitroxylsulphonic acids, take part. The liquid particles of the mist consist of cone, 
sulphuric acid, holding nitroxysulphonic acid in soln., continually absorb sulphur 
dioxide and oxygen which, by the catalytic action of the nitroxylsulphonic acid, 
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form sulphuric acid as fast as they are absorbed. Under normal conditions, suffix 
(lent wat(‘r is absorbed partially to hydrolyze the nitroxylsulphonic acid, 
ON.O.HSOj, into its constituent acids. Two inols of sulpJiiir dioxide and one 
mol of oxygen are simultaneously absorbed because they find themsidves between 
the NO-radiele of the catalyst—one moment as NO.O-ILSO3 and next moment as 
NO.HSOg. Nitric oxide thus plays no direct part in the reactions, and the catalyst 
IS alternately NO.O HSO3 NO.HSO3. In 1911 , E. Divers favoured a moditica- 
tion of F. Raschig’s hypothesis, and he believ^ed that what F. Raschig called nitrosi- 
sulphonic acid has the composition If2Nj>SO^, and that it is the only intermediate 
substance formed in the reaction : 2HN()24 SO^ H2N2S()g ; and H2N2SO5 

-2NO+H2SO4; and 2 N 0+0 fll^^ 2HNO2— vide supra. C. W. Jurisch, 
W. Manchot, and W. C. Reynolds and W. H. Taylor liave adversely criticized 
F. Raschig’s hypothesis, 

S. Littmann concluded that nitroxylsulphonic is not the main product of the 
intermediate reactions, but is rather an unavoidable evil. The intermediate com¬ 
pound is either hydroxylmidodisulphonii* acid, or nitrosisulphonic acid. These 
are not formed, as F. Raschig assumed, by the oxidation of sulphur dioxide with 
nitrous acid, but by the action of nitric oxide: 2NO f 2SO2 + O2+2H2O 
=^2N0(0H).HS03. This compoun<l is resolved by water into nitric oxide and 
sulphuric acid. The oxidation of tln^ nitric oxide, and the formation of the com¬ 
paratively stable nitroxylsulphonic acid occur only when sulphur dioxide is in 
excess, or the supply of steam is impoverished. 

W. Ostwald argued that the nitrous vapour acts as a catalyst in the kmd 
chambers merely by increasing the sp(‘(vl of the otherwise slow and incomplete 
reaction : 802+O+H2O—H2SO4. Cr. Lunge pointed out that in the case of 
sulphuric acid, this does not mean, as T. Meyer, and 0 . Wentzki assumed, that the 
intermediate reactions are mere by-reactions of minor importance. W. Ostwald 
probably meant that before accepting the assumption that the catalyst does its 
work through intermediary reactions, proof is required that the assumed inter¬ 
mediate reactions proceed faster than the direct reaction. J. Erode said that 
where a chemical reaction, as here, is dependent on two intermediate reactions 
of different velocities, the time occupied by the change is limited by the slower 
reaction. In the lead chamber, water is always present as a vapour, and as a 
liquid mist. The higher the temp., a larger proportion of the aqueous mist is con¬ 
verted into vapour. Nitroxylsulphonic acid requires liquid water for its decom¬ 
position, hence, as the projxirtion of liquid mist decn‘a8e8, the velocity of one 
of the intermediate reactions must also decrease. The direct reaction is not 
reversible, nor is the reaction : S02+HN02+0~N02.HS03 reversible ; but the 
reaction : N02.HS03+H20^H2S04 I-HNOo is reversible. This means (i) that 
after the sulphur dioxide has all disappeared, some nitroxylsulphonic acid will 
remain undecomposed, particularly in the last chamber, where it is not practicable 
to employ sufficient water to decompose all the nitroxylsulphonic acid; and 
(ii) an excess of nitrogen oxides is needed in the last chamber if the oxidation of 
the sulphur trioxide is to be complete. The undecomposed nitroxylsulphonic 
acid is removed in Gay Lussac’s tower. 

E. Loew found that the chemical reactions in the chamber follow the mass law 
in that, with a constant temp., the speed of the reaction is proportional to the 
product of the active masses of the substances taking part in the change. The gases 
in each chamber reach in accord with the concentrations of the reacting molecules. 
T, Meyer attempted to apply th'e mass law, but, as emphasized by G. Lunge, and 
S. Haagn, not very succearfuUy. F. Riedel attributed this to the fact that the temp, 
and concentrations are different in different parts of the chamber. 0. P. Heymann 
found that the catalyst reacts from the first moment of its coming in contact with 
the mixture of sulphur dioxide, oxygen, and water-vapour; and he examined 
conditions for the efficient working of the chambers. A. Graire also studied the 
reversibility of the reactions in the chamber. Thus, sulphuric aeid is reduced by 
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nitric oxide. E. Briner and M. Rossignol found that with mixtures of sulphur 
dioxide, nitrogen peroxide, steam, oxygen, and variable proportions of i\itrogon, 
the rate of formation of sulphuric acid increased with th(i 
cone, in sucli a way that the time needed to oxidize a ^ 
given proportion of sulphur dioxide varied inversely as ^ 

the scpiare of the initial cone. From this, it follows that ^ _ [' 

the reaction is of the third order. M. Forrer found that _ 

the order varied from 1’26 to 3‘67 ; but if the cone, of __ 

the liquid phase did not vary the order was about 2. — 

E. Brines and M. Rossignol showed that increasing the S Wj^'^ ~o^Si ^===, 
press, has the same effect on the speed of the reaction as s 

increasing the cone.; and increasing the cone, of the Ourdt/m of reactfo/j 

nitrogen peroxide has an enormous effect in accelerating ^ 
the reaction. Thus increasing the proportion of the 

peroxide from 0*5 to 2-43 per cent, increased the velocity Oxidation 

about twelve-fold with mixtures containing 7*94-^’32 per of Sulphur Dioxide. 


Fia. 79.—The Effect of 
Nitrogen Peroxide on 
the Rato of Oxidation 
of Sulphur Dioxide. 


cent. SO2 ; 45 - 03 - 47-41 per cent, H2O ; 15 * 99 -> 16*75 per 
cent. O2; 26*12 27 02 per cent. N2 ; along with 4 * 92 , 4 * 27 , 3 * 69 , 2 * 40 , 1 * 43 , 
and 0*5 ])er cent, of NO2, at 85 °- 86 - 5 ^ gave the results indicated in Fig. 79 . 
E. Bitterli, and M. Forrer made some analogous measurements and found that 
the formation of sulphuric acid occurs only in the presence of a liquid phase, so 
that the system must be heterogeneous; the formation of the acid takes place 
in a shorter time and the yield is increased if a liquid, either sulphuric acid or 
water, is j>n‘sent at the outset. Further, the rate at which water is supplied 
during the course of the reaction exerts a considerable effect both on the velocity 
of reaction and on the cone, of the product. Under certain conditions, the acid 
formed may disappear, which is taken to indicate that the reactions assumed to 
take place in the chambers are at least partly reversible. For a low cone, of the 
gases, there is an optimum rate of intake for water vapour: this gives the best 
yield and, at the same time, the most cone. acid. As the gas cone, increases, the 
optimum point shifta in the direction of diminution of water supply. The relation 
between the speed of the reaction (grams H2SO4 per hour) ^ 

and the cone, of the gases (per cent. SO2 by vol.) is illus- 'I' ^_. 

trated by Fig. 80 . This relation is much less complex when j _ ^ 

the composition of the liquid phase is constant. It is ^ ^- /L — 

inferred that an intermediate compound is formed in which ^ /-^- 

water is a constituent, but it is decomposed by water. The ^ 

rate of the reaction is almost unaffected by the supply of f^rce/JtSOiJbyv&C, 


sulphur dioxide. W, Hempel also made some measure- on th r 1 
ments on the speed of the reaction with sulphur dioxide, betw^n the 

oxygen, water vapour, and nitrogen oxides. The reaction Formation 

with nitrogen trioxide is faster than with the peroxides. of Sulphuric Acid 

0. Wentzki questioned the validity of this observation in and the Con^ntra- 

establishing me existence of any particular theory of in- 
termediate reaction. W. Hempel found that with a high 
concentration of nitrogen oxides, the optimum temp, is 70®. The subject has 


been discussed by B. Waeser. 

OHie OOntact piooeni rf manofacture.~In this process—indicated in connection 
with sulphur trioxide—a mixture of sulphur dioxide and air from the hurners must 
be very carefully cleaned from dust, finely-divided sulphur, sulphuric acid, arsenic, 
etc,, otherwise the platinized asbestos soon becomes inactive. Arsenic is parti¬ 
cularly injurious. The gases are accordingly cleaned by passage through a chamber 
the dust eftamber —^in which steam is inject^; through a series of lead pipes to reduce 
the temperature down to about 100®; through a series of towers in each of which 
the gases meet a descending spray of water. This washes the sulphuric acid, etc., 
from the gas. Finally, the gases are dried by passing them up to a tower where 
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they meet a descendiug stream of cone, sulphuric acid. The gases are periodically 
tested for dust, arsenic, etc., to make sure the scrubbers, etc., are working efficiently. 
The dried gases then pass into the contact chamber. In outline, this chamber con¬ 
sists of a cylinder which contains a number of tubes each packed with platinized 
asbestos placed between perforated shelves. The dry mixture of sulphur dioxide 
and air (‘liters the contact chamber through a series of perforations near the base ; 
and, after passing up to the top of the cylinder around the outside of the tubes 
containing the platinized asbestos, the gases descend through the platinized asbestos 
(where oxidation takes place), and leave the apparatus. The platinized asbestos 
is arranged in this particular manner to avoid local rise of temp, by the heat evolved 
during the reaction : 2S02+02=2S0s+45*2 Cals. Hence, the system has a ten¬ 
dency to become hotter during the oxidation. Since the best results are obtained 
when the temp, of the asbestos is in the vicinity of 400°, everything is arranged 
so that the asbestos tubes are at first heated to the necessary temp, by externally 
applied heat, and afterward.s maintained at this temp, by the cold gases ascending 
in the interior of the cylinder. Experience shows that 96-98 per cent, of the 
sulphur dioxide can be oxidized in the contact chamber. The white mist —vtde 
infra —of sulphur trioxide is absorbed wdth great difficulty by water or dil. sulphuric 
acid ; but it is rapidly and completely absorbed by 97-98 per cent, sulphuric acid. 
Hence, the gases which leave the contact chamber pass into the condensiyig tanks 
which are made of cast-iron, and contain 97-98 per cent, sulphuric acid. A stream 
of water or dil. acid is run into the condensing tanks at such a rate that the con¬ 
centration of the acid is maintained at 97-98 per cent. If fuming acid be required, 
one or more wrought^iron absorbing vessels are placed between the condensing 
tanks and the contact chamber. Manufacturing details are indicated in mono¬ 
graphs by F. D. Miles,^3 etc. 
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§ 30. The Physical Properties of Sulphuric Acid 

Cone, sulphuric acid with about 35 per cent, of free sulphur trioxide is solid 
at ordinary temp. ; with 60 per cent., it is liquid ; and with 80 per cent., solid 
vide supra, Fig. 78. The most cone, acid obtained by boiling the ordinary purified 
acid was stated by A. Bineau ^ to contain 99 per cent. H2SO4 ; J. C. G. de Marignac 
gave 98*86 to 98*54 per cent.; L. Pfaundlor and A. Polt, 98*45 ; A. Schertel, 98*66 ; 
H. E. Roscoo, 98*4-98*8; W. Dittmar, 98*20 98*99; and R. Knietsch, about 98*3. 
G. Lunge and P. Naef could not obtain a concentration higher than 98*6 per 
cent. 412804 by evaporation in vacuo. G. Lunge’s 98*3 per cent, is usually accepted 
as tlie best representative value. It solidifies just below (f. The commercial 
cone, acid contains 94-97 per cent. H28O4. The so-called brown oil of vitnol — 
B.O V. —has about 79 per cent. H28O4 ; rectified oil of vitriol —i^.O.F.—or double 
oil of vifriol~D.O. V.—has 93*0-954) per cent. H2SO4, and, if the arsenic has been 
j)reviously removed, it is called distilled oil of vitriol, although this is not what is 
commonly understood by a distilled liquid. With fuming sulphuric acid the 
total sulphuric trioxide is distributed as follows : 


Total SOj 

HaSO, . 
SO, free 

81-6.326 

100 

0 

81-8163 

99 

1 

83 4693 
90 

10 

86-3061 

80 

20 

87-1428 

70 

30 

88-9795 per cent. 
60 per cent. 

40 per cent. 

Total SO, 

SOj free 

fM)-8163 

50 

50 

92-6630 

40 

60 

94-4897 

30 

70 

96 3265 
20 

80 

98-1632 
10 

90 

99-8163 per cent. 
1 per cent. 

99 per cent. 


In order to obtain an acid with a smaller proportion of sulphur trioxidc by 
diluting it with ordinary sulphuric acid, let x denote the amount of H2SO4 to be 
added to make 100 parts of the fuming acid ; a, the total SO3 per 100 parts of th(‘ 
desired acid ; h, the total SO3 in 100 parts of the fuming acid to be diluted * and 
c, the SO3 in 100 parts of the sulphuric acid to be added as diluent, then M. Geratnor 
gave a:{a—c)=100{6—a), E. F. Anthon also discussed the preparation of soln. 
of a given sp. gr. by mixing the cone, acid with water. According to A. Marshall, 
if S denotes the sp. gr. of sulphuric acid at 15"^, the percentage amount of H2SO4 
is 86iS - 69*00. E. Biron found that 1 c.c. of a soln. of sulphuric acid at 20"^ contains 
pZ) 4903*8 gram-equivalents H2SO4, w^here D denotes the sp. gr. at 2074°, and p, 
the percentage amount of H2SO4, A. H. W. Aten discussed the preparation of 
sulphuric acid of known strengths from sp. gr. determinations. 

The tendency of sulphuric acid to undercooling was indicated in connection 
with the study of the different hydrates. J. G. Grenfell 2 studied the gapersatora- 
tion of soln. of the sulphates ; and J. M. Thomson, the isomorphous crystallizatioil 
of the sulphates. 8. Pagliani found that during the electrolysis of soln, of some 
of the sulphates, the salt crystallizes on the anode, when this is made from the 
corresponding metal and does not exceed 40 sq. cm. per ampere. When cone, 
soln. are used, the strength of the current at the anode is not the same for the 
different salts. The maximum value of the strength of current, with which this 
phenomenon occurKS, is, for differently cone. soln. of one and the same salt, the 
greater the more dil. the soln. This value depends also very much on the temp, 
as it increases as the latter rises. The strength of the current at the cathode is of 
no influence. H. M, Vernon discussed the coloui of soln. of the sulphates ; and 
J, Moir, of soln. of various substances in sulphuric acid soln. 

C. A, Cameron and J. Macallan, and J. A. C. Chaptal described the crystals as 
six-sided prisms terminating in pyramids with six faces, and T, Graham described 
the habit as six-sided prisms of a tabular form ; both agree that the crystals belo|fg 
to the hexagonal system. C. A. Cameron and J. Macallan found that the mono- 
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hydrate, H2S04,H20, at ordinary temp., is a colourless, transparent, oily liquid, 
which, when cooled, furnishes hexagonal crystals; J. C. G. de Marignac, and 
T. Graham said that the dihydrate, H28O4.2H2O, yields colourless, transparent 
six-sided prisms which J. I. Pierre and E. Puchot called monoclinic. The crystals 
of sulphuric acid were also studied by J. Levallois. 

A large number of determinations of the specific gravity of sulphuric acid have 
been made. Among the early observations are those by J. Galt on,2 G. G. Fahren¬ 
heit, R. Kirwan, S. Parkes, A. lire, L. N. Vauquelin, J. P. J. d’Arcet, P. T. Meissner, 
H. Hager, T. Graham, M. Gebezenne, A. Bussy and H. Buignet, T. Thomson, 
J. A. Wanklyn and J. Robinson, J. B. Richter, M. J. J. Gize, A. Bineau, V. A. Jac • 
quelain, 0. Langberg, V. S. M. van der Willigen, etc. Other determinations have 
been made of sp. gr. as one of the factors involved in the determination of other 


Table VII.—The Specifto Gravity of Fttmikg Sulphi^ric Acid from 15° to 35® 

JNordhausen Process). 


Total SO3 


per cent. 

* — — 

_ - — 


15^ 

20*' 

7r)‘67 

1-8417 

1-8371 

77-49 

1*8427 

1-8378 

78-34 

1-8428 

1-8388 

79-04 

1*8437 

1-8390 

79-99 

1-8427 

1-8380 

80-4C 

1-8420 

1-8372 

80 94 

1-8398 

1-8350 

81-37 

1-8446 

1*8400 

«1-91 

1-8509 

1 -8466 

82 17 

1-8571 

1-8522 

92-94 

1-8697 

1 8047 

83-25 

1-8790 

1-8742 

83 84 

1-8875 

1 -8823 

84 12 

1-8942 

1-8888 

84-33 

1 8990 

1-8940 

84-67 

l-iKl34 

1-8984 

84-82 

1-9072 

1-9021 

84-99 

1-9095 

1-9042 

85-14 

1-9121 

1-9063 

85-54 

1-9250 

1-9193 

85-68 

1-9290 

1-9236 

85-88 

I 9368 

J-9310 

86-51 

1-9447 

1-9392 

86-72 

1 9520 

1-9465 

87*03 

1-9584 

1-9528 

87-46 

1-9632 

1-9573 

88-82 

Cryst 

Cryst 


sp. gr* at 



26'' 

30“ 

35“ 

1-8323 

1-8387 

1-8240 

1-8333 

1-8295 

1*8249 

1-8361 

1-8302 1 

1-8236 

l-834(> 

1-8300 

1-8257 

1-8351 

1-8297 J 

1*8260 

1*8326 

1 8281 

1-8234 

1-8305 

1-8263 

1-8218 

1-8353 

1-8307 

1-8262 

1-8418 

1-8371 

1-S324 

1 8476> 

1-8432 

1*8385 

1-8595 

1-8543 ‘ 

1-8498 

1-8687 

1-8640 

1-8692 

1 -8767 

1-8713 

1*8601 

1-8833 

1-8775 

1-8722 

1-8890 

1-8830 

1-8772 

1-8930 

1 8874 

1-8820 

1-8960 

1*8900 

1-8845 

1-8986 

1*8932 

1-8866 

1-S993 

1-8948 

1-8892 

1-9135 

1-9082 

1*9023 

1-9183 

1-9129 

1-9073 

1-9250 

1-9187 

1-9122 

I 9334 

1-9279 

1-9222 

1 -<>402 

1-9338 , 

1-9278 

1-9466 

1-9406 

1-9340 

1-9518 

1-9467 ! 

1-9398 

1-9740 

1-9666 

1-9600 


physical constants by M. Ic Blanc and P. Rohland, E. Ruppin, J. Wagner, A. E. Gun- 
Stan and R. W. Wilson, J. Forcliheimer, D. Sidersky, H. T. Barnes and A, P. Scott, 
O. Forch, E. H. Loomis, 0. Grotrian, W. Ostwald, A. Schulze, P. Kremers, 

B. C. Felipe, V. F. Hess, G. W. Muncke, W. G. Rontgen and F. Schneider, 
W. H. Perkin, J. Thomsen, F. Kohlrausch, W. Kohlrauscb, G. A. Hagemann, 
H. D. Holler and E. L. Peffer, R. Schenck, H. C. Jones and co-workcrs, V. F. Hess, 

C. Ch^neveau, F, Schottner, P, Schwers, M. Berthelot, F. Zecch^, etc. 
Observations on the fuming acid were made by A. Chapman and R. Messel, 
R. Knietsch, etc. C. Winkler’a results for the sp, gr. and total content of SO3, 
from 15® to 35®, for fuming sulphuric acid, made by the old dry distillation process, 
are indicated in Table VII. R. Knietsch gave the results in Table VIII for fuming 
acid, from 15® to 45®, made by the contact process. 
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Table \TII. —The Specific Gravity of Fuming Sulphuric Acid from 15'^ to 45® 

(PoNTACT rROCESS). 



so* 

1 8p. gr. 

Total. 

Free. 

15^ 

' 35** 

45.* 

81-63 

0-0 

1-H50O 

1-8186 

1*822 

83*46 

10-0 

1*888 

1*8565 

1-868 

85*30 

20*0 

1*020 

' 1-8919 

1*887 

87*14 

30-0 

1*957 

• 1*0280 

' 1*920 

88-97 

' 40-0 

1*079 

1*9684 

1*945 

90*81 

60-0 

2*000 

1*9733 

1*964 

92*65 

60-0 

2 020 

1*9738 

1*959 

94*48 

70*0 

2 018 

1 1*9564 

' 1*942 

96*32 

80-0 

2*008 

1-9251 

1 890 

98*16 

90-0 

1*090 

1 8888 

1*86« 

100*00 

100 0 

1 981 

1*8370 

1*814 

For 100 per cent. H 2 SO 4 , R Knietsch gave 

1*85(X) at le5" ; 

1*8186 at 35°; 


1-822 at 45°. J. C. U de Marij^iiac haul that the acid with about 98 per cent. 
H 2 SO 4 corresponds with a nmxiuium 011 th(‘ sp. gr. curve, and D. P. KonowaloiT, 
with a minimum on tin* vap pres^. curve. For the crystals of monohydrate, 
H2SO4.H2O, at 0°/4°, A. Bincau gave l* 9 r>] , and 1-792 for the liquid. J. A. C. Chaptal 
gave 1*780 for the liquid ; H. W F. Wackeuroder, 1*784 ; V. A. Jacquelain, 1*7858 
D. L Mendel^eff, 1*7943 ; R. S Tjad(*n-Moddermann, 1*783 at 10 °*; and R. Pictet, 
1*777. Fur the dihydraie, HvS 04 . 2 Ha 0 , T. Graham gave 1*6321 ; V. A. Jacque¬ 
lain, 1*6746; A. Bineaii, 1*065 at 0 °; D. I. Mendeleeff, 1*6655 at and 

R. Pictet, 1*650. Observations fur the sp. gr. of solo, of sulphuric acid and water 
were given by R. Kirwaii, A. Ure, L. N. Vauquelin, J. P. J. d’Arcet, A. Bmeau, 
J. Kolb, G. Lunge and P. Naef, G, Lunge and M. Isler, S. U. Pickering, A. Smits 
and co-workers, J, R. Katz, A. Marshall, J. K. Pound, II. D. Richmond, W. C. Fer¬ 
guson, G. Tammann, etc. J. Domke and W. Bein gave the results indicated in 
Table IX, where N refers to the eq, normality of the soln. at 15° when 1 eq. has 
49*04 grms. H 2 SO 4 per litre. The results in Table IX arc calculated from the 


Table IX. —Specifio Gravitie.s of Solutions of Sulphuric Acid between 

0° AND 50®. 


HgSO 
►er eent. 

O'- 


)0" 

1 

15“ , 

20* i 

1 

25* 

i 

80* 

1 40* 

! 

0 

0*9999 

* 1-0000 

0 9997 

0*9991 

0*9982 1 

f 0*9971 

1 0*9957 

' 0*9922 

( 

i 0*9881 

1 

1*0076 

1*0073 

100G9 

1*0061 

1*0061 ' 

1*0038 

1*0022 

0*9986 

1 0-9944 

2 

1*0147 

1*0144 

1*0138 

1*0129 

1*0118 1 

! 1*0104 

1*0087 

1*0050 

f 10006 

3 

1 0219 

1*0211 

l*fe206 

1*0197 

' 1-0184 

1-0169 

1*0152 

1*0113 

, 1*0067 

4 

1*0291 

1*0284 

1*0276 

1*0264 

' 1*0250 

1*0234 

1*0216 

1*0176 

! 1*0129 

5 

1*0364 

1*0.355 

1*0344 

j 1*0332 

1 1*0317 

1*0300 

1*0281 

1*0240 

1*0192 

G 

1*0437 

' 1 042G 

1*0414 

1 1*0400 

* 1*0384 

1*0307 

1 0347 

1*0305 

1*0266 

7 

1*0511 

1*0498 

’ 1*0485 

1 1*0469 

1*0453 , 

1*0434 

1*0414 

1*0371 

1*0321 

8 

1*0585 

1*0571 

i 1*0556 

1-0539 

1*0522 I 

1*0502 

1*0482 

i 1-0437 

1-0386 

9 

1*0660 

1-0014 

1-0628 

1-06)0 i 

1*0591 * 

1*0671 

1*0549 

[ 1*0503 

1*0461 

10 

1 0735 

1*0718 

1-0700 ' 

j j 

1*0681 ‘ 

1*0661 

1*0640 , 

1*0617 

1*0670 , 

1*0617 

11 

1*0810 j 

1*0792 

1*0773 i 

1*0753 

1*0731 

1-0709 t 

1*0686 

1-C637 

1*0584 

12 

1*0880 j 

1*0866 

' 1*0846 

1*0826 

1*0803 , 

1-0780 

1*0766 

i 1*0706 j 

1*0661 

13 

1*0962 1 

1*0942 

' 1*0920 

1*0898 ' 

1*0874 ! 

1-0831 , 

1*0826 

1*0774 

1*0719 

14 

1*1039 { 

M017 1 

1 1*0994 

1*0971 i 

1*0947 

1-0922 • 

1*0897 

1 1*0844 

1*0788 

15 

1*111^ 1 1*1093 1 

1 1*1069 

M045 

M020 

1-0994 

1*0968 

1*0914 

1*0867 




0*000 

0*206 

0*413 

0-624 

0*837 

1*053 

1*272 

1*494 

1*719 

1*947 

2*178 

2*412 

2*649 

2- 889 
3*132 

3- 378 




SULPHUR 


H,SO 
per eent. 

0 ** 

5'’ 

10 " 

16" 

16 

M194 

M170 

1-U45 

11120 

17 

1-1272 

M247 

1-1221 

M195 

18 

1-1361 

M325 

M298 

M270 

19 

M430 

M403 

1-1375 

M347 

20 

M510 

1*1481 

1-1463 

11424 

21 

M590 

M560 

M531 

1*1601 

22 

1-1670 

1-1640 

1-1609 

1*1579 

23 

1-1751 

M720 

M688 

1*1067 

24 

11832 

1-1800 

M768 

M730 

25 

M914 

M881 

1-1848 

1*1816 

26 

1-1996 

M9C2 

1-1929 

M896 

27 

1-2078 

1-2044 

1-2010 

M976 

28 

1-2161 

1-2126 

1-2091 

1-2067 

29 

1-2243 

1*2208 

1*2173 

1-2138 i 

30 

1 2326 

1 2291 

1*2266 

1-2220 

31 

1-2410 

1-2374 

1-2338 

1-2302 

32 

1-2493 

1-2457 

1 2421 

1-2385 

33 

1-2577 

1-2541 

1 2504 

1-240S 

34 

l-2f.Cl 

1*2625 

1-2588 

1-2552 

36 

1-2740 

1*2709 

1-2672 

1-2036 

30 

1-2831 

1-2794 

1-2757 

1-2720 

37 

1*2917 

1-2880 

1-2843 

1-2800 

38 

1-3004 

1-2966 

1 1-2929 

1-2891 

39 

1-3091 

1-3053 

1-3016 

1-297S 

40 

1-3179 

1-3141 

1-3103 

1-3065 

41 

1-3267 

1-3229 

1-3191 

1-3153 

42 

1-3357 

1-3318 

1-3280 

1-3242 

43 

1 3447 

1-3408 

1-3370 

1 1*3332 

44 

1-3538 

1-3500 

1-3461 

1-3423 

45 

1-3631 

1-3592 

1-3553 

1*3514 

46 

1-3724 

1 3685 

1-3646 ! 

1-3607 

47 

1-3819 

1*3779 

1-3740 

1-3701 

48 

1-3916 

1-3875 

1-3836 

1-3796 

49 

1-4012 

1 3972 

1-3932 

1*3893 

60 

1-4110 

1-4070 

1-4030 

1-3990 

61 

1-4209 

1-4169 

1-4128 

1*4088 

62 

1*4310 

1*4209 

1*4228 

1*4188 

53 

1*4411 

1*4370 

1-4330 

1-4289 

54 

1*4614 

1 4473 

1-4432 

1-4391 

56 

1*4618 

1*4577 

1-4536 

1-4494 

56 

1*4724 

1*4681 

1*4640 

1*4598 

57 

1*4830 

1*4787 

1*4745 

1*4703 

58 

1*4937 

1*4894 

1-4851 

1*4809 

59 

1*5045 

1*6002 

1*4969 

1-4916 

60 

1-5164 

1*6111 

1*6067 

1-5024 

61 

1-5204 

1*5220 

1*6177 

1*6133 

62 

1-6376 

1*5331 

1-6287 

1*5243 

63 

1*6487 

1*6442 

1*6389 

1*5354 

64 

1*6600 

1*6655 

1*6510 

1*6465 

65 

1*6713 

1*6668 

1*5022 

1*5678 

66 

1-6828 

1*5782 

1*6736 

1*6691 

67 

1*6943 

1*6896 

1*6860 

1*5805 

68 

1-6068 

1*6012 

1*6965 

1*5919 

69 

1-6176 

1*6128 

1*6081 

1*6035 

70 

1-6293 

1-6245 

1-6198 

1*6151 


20" 

25" 

30" j 

40" 

r>(j" 

1-1094 

1-1067 

1-1040 

1-0985 

1-0927 

1-1168 

1-1141 

1*1113 

M057 

1-0998 

1-1243 

1-1215 

1-1187 

1-1129 

M070 

1-1318 

1*1290 

1-1261 

M202 

M142 

1 1394 

M305 

1-1335 

M275 

M215 

1-1471 

1*1441 

M411 

M350 

1*]288 

1*1648 

1-1517 

1*1486 

1-1424 

M362 

1*1626 

M594 

1*1663 

1-1500 

1-1437 

1*1704 

M672 

M640 

1-1576 

1*1512 

1*1783 

M751 

1-1718 

1-1653 

M588 

1*1863 

1-1829 

M796 

1-1730 

1*1665 

1*1942 

1-1909 

1-1875 

1-1808 

M742 

1---023 

1*1989 

J-1955 

M887 

1-1820 

1*2104 

1*2069 

1-2035 

M966 

1-1898 

1*2185 

1*2150 

1*2116 

1-204G 

1-1978 

1-2267 

1 2232 

1-2190 

1-2127 

1-2057 

1-2349 

1-2314 

1-2278 

1-2207 

1-2J37 

1-2432 

1-2396 

1-2360 

1-2289 

1-2219 

1-2515 

1-2479 

1-2443 

1-2371 

1-2300 

1*2599 

1-2563 

1-2527 

1 2454 

1-2383 

1-2684 

1*2647 

1-2610 

1-2538 

1-24G0 

1-2769 

1-2732 

1-2695 

1-2622 

1-2549 

1-2854 

1-2817 

1-2780 

1-2707 

1-2634 

1*2941 

1-2904 

1-2866 

1-2793 

1-2719 

1-3028 

1-2991 

1 2953 

1-2879 

1-2806 

1-3116 

1-3078 

1-3041 

1-2967 

1-2893 

1-3204 

1-3167 

1-3129 

1-3055 

1-2981 

1-3294 

1-3250 

1-3218 

1-3144 i 

1-3070 

1-3384 

1 3346 

1-3309 

1-3234 ! 

1-3160 

1-3476 

1-3438 

1-3400 

1-3325 

1-3250 I 

1-3569 

1-3530 

1-3942 

1-3417 

1-3342 

1-3663 

i 3624 

l-358b 

1 3610 

1-3435 

1-3757 

1-3719 

1*3680 

1-3604 

1-3528 

1-3853 

1-3814 

1-3776 

1-3699 

1-3623 

1-3961 

1 3911 

1-3872 

1-3795 

1-3719 

1*4049 

1-4009 

1-3970 

1-3893 

1-3810 

1*4148 

1-4109 

1-4069 

1-3991 

1-3914 

1-4249 

1-4209 

1-4169 

1-4091 

1-4013 

1-4350 

1-4310 

1-4270 

1-4191 

1-4113 

1-4463 

1-4412 

1-4327 

1*4203 

1-4214 

1-4557 

1-4516 

1-4475 

1-4395 

1-4317 

1-4662 

1-4620 

1-4580 

1-4499 

1-4420 

1*4767 

1-4726 

1-4685 

1-4004 

1-4524 

1*4874 

1-4832 

1-4791 

1-4709 

1-4629 

1*4982 

1-4940 

1-4898 

1-4816 

i-4735 

! 1*6091 

1-5048 

1-5006 

1-4923 

1-4842 

1*5200 

1-5157 

1-5115 

1-5031 

1-4949 

1*6310 

1-5267 

1-5224 

1-5140 

1-5058 

1*5421 

1-6378 

1*5335 

1-5250 

1-6167 

1*6633 

1*6490 

1-5446 

1-5361 

1-5277 

1*6464 

1 5602 

1-5658 

1-6472 

1-5388 

1*6760 

1*5715 

1-6671 

1*6584 

1*5499 

1*6874 

1*5829 

1-5784 

1-5697 

1*5611 

1*5989 

1-5944 

1-5899 

1*5811 

1*5725 

1*6015 

1-6059 

1-6014 

1-5925 

5 I-583S 


587 


3-G28 

3- 881 
4 137 
4 •396 

4- 659 

4 925 
5194 

5 467 
5*744 

6 024 

6-307 

6- 594 
6 884 
7178 

7- 476 

7-777 

S 

.s 39<» 
8 70 J 

9-01 S 

9-338 

9-662 

9-989 

10 322 

10-657 

10- 997 

11- 341 

11 690 

12- 043 
12-401 

12- 764 

13- 131 
13 504 

13- 881 
14*264 

14- 652 

15- 045 

15-443 

15- 846 

16- 255 

16- 670 

17- 090 

17-515 

17- 946 

18- 382 

18 824 

19- 272 

19- 275 

20- 183 

20- 647 

21- 117 

21-593 

i 22-075 
I 22-562 
i 23-054 
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im 


ler cent 


r>" 

10“ 

15“ 

20“ 

25“ 

30“ 

40“ 

.50“ 

N 

71 

1-6411 

1-6363 

1-6315 

1-6268 

1-6221 

1-6175 

1-6130 

1 0040 

1-5952 

23 553 

72 

1-6529 

1-6481 

1-6433 

1-6385 

1-6339 

1-6292 

1-6246 

1-6166 

1-6067 

24-057 

73 

1-6649 

1-6600 

1-6551 

lfi503 

1 6456 

1-6409 

1-6363 

1-6271 

1-6182 

24-567 

74 

1-6768 

1-6719 

1-6670 


1 6574 

1-6526 

1-6480 

1-6387 

1-6297 

25-082 

75 

1 6888 

1-6838 

1-6789 

1-6710 

1 6(i92 

1*6644 

1-6597 

1-6.503 

1-6412 

26*602 

76 

1-7008 

1*6958 

1-6908 

1*6858 

1-6810 

1-6761 

J-6713 

1-6619 

1-6526 

26*126 

77 

1 7127 

1*7077 

1*7026 

1*6976 

1-6927 

1*6878 

1-6829 

1-6734 

1-6640 

2G055 

78 

1*7217 

1-7195 

1 7144 

1*709.3 

1 704.3 

1 6994 

1*6944 

1-6847 

1-6751 

27-188 

79 

1-7365 

1-731.3 

l*726i 

1*7209 

1 71.59 

1*7108 

1-7058 

1*6959 

1-6862 

27-724 

80 

1*7482 

1 7429 

]-7.37() 

1 7324 

1*7272 

1 7221 

1-7170 

1*7069 

1-6971 

28-021 

81 

1-7597 

1*7512 

1*74<89 

1*74.35 

1 7383 

1*7331 

1-7279 

1-7177 

1-7077 

28-799 

82 

1*7709 

1 7654 

1*7.599 

1 7.54 4 

1 7491 

1-7437 

1 7.385 

1-7281 

1-7180 

29 336 

83 

1*7816 

1*7759 

1 7704 

1*7549 

1 •7r,s*4 

1-7540 

1-7487 

1-7382 

1-7279 

29*871 

84 

1*7916 

)-7H6() 

1*7804 

1-7748 

1 7693 

1 7r>3st 

1 7585 

1-7479 

1-7375 

30 401 

85 

1-8009 

1*795,3 

1*7897 

l*7^41 

1*7786 

I 77.32 

1*7678 

1 7571 

1-7466 

30-924 

86 

1-S095 

] 8039 

1*7983 

1 1*7927 

1 7872 

1-7818 

1 776.3 

1*7657 

1-75,52 

31-438 

87 

1-8173 

1 8117 

1*8061 

1*8006 

1 7951 

1*7897 

1*7813 

1*7736 

1-7632 

31*943 

88 

1 8243 

1*8187 

1*8132 

i 1*8077 

1 8022 

1*7968 

1*7915 

! 1*7809 

1*7705 

32*438 

89 

1*8.306 

1*8250 

1*8195 

1-8141 

1*8087 

! 1*8033 

1 7979 

1*7874 

1-7770 

32 922 

90 

1*8361 

l*830i) 

1-8252 

1 1*8198 

1 8144 

1 1*8091 

1 

I 8038 

1 1*7933 

1-7829 

33-397 

01 

1-8110 

1-8356 

1*8,302 

1*8248 

1*8195 

1-8142 

1*8090 

1-7986 

1-7883 

33-862 

92 

1-8453 

' 1-8399 

1 8346 

1*8293 

1*8240 

1-8188 

1-8136 

! 1-803.3 

1*7932 

34*318 

93 

1-8490 

1*8437 

1*8384 

1*8331 

1 8279 

1-8227 

1-8176 

1-8074 

1-7974 

34*764 

94 

1-8520 

1*8467 

1*8415 

1*8363 

1-8312 

1-8260 

1*8210 

1-8110 

IHO'II 

,35*199 

05 

1*8544 

1*8491 

1*8439 

1-8388 

1-8337 

1-8286 

)-823C 

1*8137 

1-8040 

35*622 

96 

1-8560 

1*8.508 

1*8457 

1-8406 

1-8.355 

1-8305 

1*8255 

1*8157 

1-8060 

36-030 

97 

1-8569 

1 8517 

1*8466 

1-8414 

1-83G4 

1-8314 

1*8264 

1*8166 

1-8071 

36-421 

98 

1-8567 

1*8515 

1*846.3 1 

1*8411 

1-8.361 

1-8310 

1-82G1 

1 1*8163 

1-8068 

30 791 

99 

1-8551 

1*8498 1 

1*8445 

1*8393 

1-8342 

1-8292 

1-8242 

1 1*8145 

1-8050 

37-132 

100 

(1*8517),(1-8463) 

i 

(1*8409) 

(1-8357) 

(1-8305) 

(1-8255) 

(1-8205) 

(1*8107) 

i 

(1-8013) 

(37-433) 


values at 15"^, and the data at 15® were determined with reference to water at 4® 
when the sp. gr. of water at 15® is 1*CHX)868. D. I. MendelcVff observed that for 
H 2 S 04 -f- ?^H20 the s]). gr. at 0®, referred to water at 4®, in vacuo, are : 

n . .400 200 100 GO 25 12-5 10 6 

Sp.gr. . lOOOO 1*0192 1*0372 1*0716 M336 M2345 1*2760 1-4314 

n . 2 5 2 1 0-5 0 -~0*2 -0-4 

Sp.gr. . 1*6102 1 6055 1-7913 1-8435 1-8528 1-9075 1-9793 

He represented tlie sp. gr., S, of the sola., water at KKK), ranging from water to 

n-.150, >S=-9998-7+76*51p~-L325;?2^ where p 
denotes the percentage amount of H2SO4 ; and 
for n Wtween 150 and 6, S=9998-7-f 71*16jj 
-f0*02035^2 j for between 6 and 2, /S=9998*7 
f61 *908^+0*3980^2; for n between 2 and 1 , 
326*65j 3“-J*3525;>2 ; for n between 1 and 0, 
S = 18528 + 20*445(100~-/?)- 3*746(100 --p)^; 
and for the fuming acid, S="18628+129{jp—200) 
+3*9(p—100)-. J. L. R. Morgan and C. E. Davis 
found that when the sp. gr. and the deviations 
from the mixture rule are plotted, Pig. 81, the 
resulting curve shows breaks corresponding with 
the hydrates H28O4.H2O and H2SO4.I2H2O. 
E. H. Loomis gave 1*0306 for the sp. gr. of 
JV-H2SO4 at 15®. For soln. of a very low cone, F. Kohlrausch gave for the sp. gr. 
of soln. at 5*96® containing iV-grm. eq. H2SO4 per litre : 



40 60 so /oo 

/^r ce/7t sulphur/c 

Fig. 81.—Specific Gravity Devia¬ 
tions of Sulphuric Acid from 
Mixture Rule. 
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N . 0 000203 0 000007 OOOIOU 0002010 0 005037 0 010020 00-1094 009908 

Sp.gr. l OjSB I O 42 OO I O 4442 1*04870 1*082132 1*084158 1*0019 0 003609 

S. U. Pickering^s differentiation of sp. gr. curve furnishes seventeen straight lines 
indicating that the sp. gr. is a complex of 17 parabolic components which were 
assumed to represent the sp. gr. curves of 17 hydrates in soln .—vide supra. 
J. R. Pound measured the sp. gr. of mixtures of sulphuric acid and ether. F. Kohl- 
raiisch found that the maximum density of mixtures of sulphuric acid and water 
occurs with 2 per cent, of water; II. 1). Richmond said 2-5 per cent, of water ; 
R. Knietsch, 2*31 per cent, of water ; and J. Domkc and W. Bein, 2*75 per cent, 
of water when the sp. gr. is 1*8415. C. M. Despretz said that with p per cent, of 
sulphuric acid the temp., 6'\ of maximum density is : 

V . . 0*62 1-23 2*45 3-57 6 81 

d . . 2*18'* 0-60® -1-92® -5 0® -13*7® 

G. Tammami discussed the effect of pressure on the temp, of maximum density. 
According to A. Bineau, the effect of temperature is such that if the s]). gr., #S, 
be determined at 6^, the sp. gr., Sq, at 0 *^ is So--14l*38>Sf/( 114*38— ^). C. E. Line.- 
barger gave the following data : 


cent. H8SO4 

QO 

i(r 

20'* 

30* 

40* 

3(r 

CO* 

70* 

2*65 

1*021 

1 019 

1*017 

1*015 

1*013 

1011 

— 

— 

11*87 

1*081 

1*078 

1*075 

1*072 

1*069 

] -066 


—. 

18*33 

M38 

M33 

M28 

M25 

M23 

1*118 

M13 

1*108 

35*13 

1*275 

1*268 

1*262 

1 255 

1*248 

1*242 

1*235 

1*228 

58*05 

1*494 

1*486 

1*478 

1*470 

1 *462 

1*454 

1*446 

1*438 

65*27 

1-675 

1*567 

1*559 

1*531 

1*543 

1*535 

J *527 

1*519 

80*45 

1*752 

1*743 

1*734 

1*725 

1*716 

1*707 

1*698 

1*689 

o3*23 

1*783 

1*774 

1*704 

1 755 

1*746 

1*737 

1*728 

1*718 

95*02 

1*843 

1*833 

1*824 

1*814 

1 805 

1*790 

1*786 

1*775 


1). I. Mendeleeff said that the variation of the .sp gr. with temp, follows the rule 
S xSo(l— a^), where a is the coeff. of expansion. For 99*5 per cent. H2SO4, 
J. Domke and W. Bein gave for the sp.* gr, S at 6^, S 5 —0*001035(^—15) 
“|-0*(KK)0015(^—15)‘^. For an acid of sp. gr. S at 0 ^ the decrease, S, in the sp. gr. 
for a rise of lO'’ is: 

8- 1*04 1*07 MO M5 1*20 1-30 1-45 1*70 1*85 

8 . 0 002 0 (K)3 0 004 0*005 0 006 0 007 0 008 0*009 0*0096 

or, in an analogous way, for an acid of sp. gr. S, at 15"^, a correction S per degree 
must be made: 

S . 1*000-1*170 1*170-1*450 1*450-1*580 1*580 1 750 1*750-1*820 •1*820-1*840 

B . 0*0000 0*0007 0*0008 0*0(M)9 0*0010 00008 

The sp. gr. in the tables refer to purified sulphuric acid, the ordinary com¬ 
mercial acids always contain impurities which usually raise the sp. gr. Thus, 
R. Kissling found that sulphuric acid containing arsenic trioxide had the following 
sp. gr. at 15*^ and the indicated percentages of H 2 S 04 > and AS 2 O 3 : 


Sp. (?r. . 1-8307 

1 8373 

1*8393 

1*8412 

1*8413 

1*8414 

1*8415 

HjSO. ■. lKJ-83 

!»3*J2 

92*87 

94*25 

93*6(» 

93 93 

93*77 

Ak,0, . 0-024 

0*028 

0*192 

0*219 

0*254 

0 231 

0*231 

when G. Lunge and B. NaeFs values for the purified acid 



Sp. gr. . 1 -833 

1*834 

1 836 

1*837 

1*838 

1*830 

1*840 

H,S 04 • 92-76 

93*05 

93-43 

94*20 

94*60 

95*00 ' 

95*60 


J. T. Dunn measured the effect of sulphur dioxide on sulphuric acid of sp. gr. 1*841 
and found that with 33‘73 vols of SO 2 at n.p. 6, the sp. gr. was 1*823 ; with 19*27 
vols., 1*822; and with 4-54 vols., 1*809, A. Marshall found that witli mixtures 
of nitric acid the sp. gr. increases up to 1*862 and 7*5 per cent, of HNO 3 , and there- 
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after the sp. gr. decreases, 0*1 per cent, of lead sulphate raised the sp. gr. 0*0015; 
of arsenic trioxido, 0*0013 ; of nitrosulphuric acid, 0*00027 ; and of the sulphates 
of sodium, calcium, niagnesium, aluminium, and iron, 0 * 001 . H. Grunert studied 
this subject. J, Kolb examined the effect of foreign gases on the sp. gr. of sulphuric 
acid : and J. R. Pound, the sp. gr. of mixtures of ether and sulphuric acid. 

The molecular volumes of sulphuric acid per gram-equivalent in I litres of water 
at 6 °, given by F. Kohlrausch, were: 

/ . . 00002 0002 0*01 005 0-1 1 5 

Mol. vol. . 01 5 0 7-71 10*75 12*03 15*54 17*57 

S. Sugden discussed the mol. vol. W. Grunert found the sp. gr. of mixtures of 
sulphuric acid and ammonium sulphate increase proportionally with the amount 
of salt added over the whole range examined at 20"^, 40°, 60°, and 80°. The sp. gr. 
of soli), of the Hul})hates was discuvssed by J. G. McGregor, P. A. Favre and 
C. A. Valson, and L. F. Nilson and 0. Pettersson ; the mol. vol., by G. N. Wyrouboff, 
W. W. J. Nicol, J. H. Loiig, T. E. Thorpe and J. I. Watts, J. W. Ketgers, 
A. E. H, Tutton, an<l L. F. Nilson and 0. Pettersson ; and H. Schroder, the vol. 
r(‘lationsof the sulphites, chromates, and sclenates.and the so-called density modulus 
of the sulphatcvs, by C. A. \"alson, C. Bender, J. Wagner, and J. C. G. do Marignac. 
N. S. Kiiniakotf discussed the spatial relations of the atoms in sulphuric acid. 

J. Geissler gave for the ionic volume of HSO 4 ', 12-]. 

The contraction which occurs when suljduiric acid is dilut(*d with water was 
found by A. lire to reach a maximum with the formation of ILSO 4 . 2 H 2 O—73*13 

per cent. H 2 SO 4 . Analogous observations were 
made by 0 . Langberg. J. L. Gay Lussac, 
G. T. Gerlach, J. K. Pound, E. B. 11. Wade, 
J. N. Rakshit, II. Kopp, J. Kolb, G. Lunge, 
J. P. Rogers, and P. T. Meissner made obser¬ 
vations on this subject. A. Bineau vStated that 
at 0'^ the greatest contraction occurs with 75*5 
per cent. H 2 HO 4 . I). I. Mendel 6 e£f said that 
tlje relative position of the maximum does not 
change as the temp, rises from 0° to 40()° 
although the actual magnitude alters; but 
S. U. Pickering, in agreement with J. Doriike 
and W. Bein, found that the maximum is displaced by a change of temp. 
S. U. Pickering gave 67*0 per cent. H 2 SO 4 at 8 °; 67*5 per cent, at 17*9° ; 69*1 
per cent, at 28*1° ; and 70*1 per cent, at 38*2°. J. Domke and W. Bern’s Tesults 
at 10 ° arc plotted in Fig. 82. The following is a selection from the data for the 
contraction, C o.c., on mixing sulphuric acid with water to furnish a litre of soln. 
containing p per cent. H 2 SO 4 . 

p . l 10 20 40 GO 67 70 80 00 00 

(7 . 2*4 19*0 343 53*0 61*6 62*49 62*4 58*7 40*8 5*0 

Observations were also made by R. Kremann and R. Ehrlich, and J. N. Rakshit. 

K. Dieterici measured the contraction which occurs with very dil. soln. 
J. A. Wanklyn and J. Rubinson found that if 100 c.c. of water aUd 200 c.c. of 
sulphuric acid be mixed in a 300 c.c. flask, the contractions, G c.c., corresponding 
with p per cent. H 2 SO 4 arc : 

p . . 8r> 88 00 02 94 96 98 

C . 10*4 J20 13 0 16*1 18*5 21*2 24*1 

and they suggested determining the cone, of a given specimen of sulphuric acid 
from the contraction which occurs on mixing these volumes of acid and water. 
G. A. Haegmann made some speculations on what he called the KemtraJUionsenergie^ 
zaTil. According to J. Holmes and P. J. Bageman, the expansion which occurs 
on mixing soln. of sulphuric acid and various sulphates so as to yield 100 mobs of 



Fra. 82.—Contraction of Mixtures 
of Water and Sulphuric Acid. 
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acid and salt are represented by Fig. 83. Tlu^ results arci taken to be due to the 
action of physical forces, and independent of the action of chemical affinity or the 
formation of hydrosulphates. The sulphates 
of potassium, sodium, ammonium, copper, 
magnesium, and zinc are assumed to ]»e 
aggregated in soln. The maximum with 
aluminium sulphate occurs with a mixture 
A 1 jj(S 04 ) 3 . 2 H 2 S 04 , so that if aluminium sul¬ 
phate is Al 2 ( 804 ) 3 , the mol. of sulphuric acid 
is ( 112804 ) 2 - Observations were also made 
by G. Muntemartini and L. Losana. 

T. Graham® found that when water is 
added to cone, sulphuric acid, the viscasity 
of the liquid increases to a maximum—cor¬ 
responding with 112804 .HoO'-and then de¬ 
creases ; and, added 11. F. d’Arcy, this applies only for temp, up to 65"^, for, at 
higlier temp., the viscosity decr(*ases continuously with increasing proportions of 
water. The phenomenon was attributed to the formation of hydrates in soln. 
K. Knietsch found that the speeds of outflow of fuming sulphuric acid at 23° when 
referred to water 100 , for soln. of H 2 SO 4 containing p per cent. SO 3 , are . 

p . 0-9 4-2 15-1 30-3 49-9 58-6 00 5 BO-l 98-9 

Time U6-7 147 0 151 0 160 9 198-7 1920 145-0 100-9 100*7 

For 100 per cent. 110804 , at 0°, 33‘’, and G3*5°, R. Kremann and R. Ehrlich gave for 
the viscosity t/- 0 * 6 ] 8 , 0*172, and 0*076 respectively ; T. Graham, t 7~~0*2193 at 20° ; 
F. Bergius, at 25° ; J. L. M. Poiseuille, 7;=0*3195 at 11*2° ; J. R. Pound, 

rj- 0*210 at 30°. For N-, 0*5iV-, 0*25A^-, and 0*125A'-aoln. of sulphuric acid at 25°, 
, 1 . Wagner found the sp. viscosities (water unity) to be respectively 1*0898, 1*0433, 
1*U216, and 1*(K)82. The results of A. E. Dunstan, and K. Drucker and R. Kassel 
(marked with an asterisk) are : 

0 ^ 13 8“’ 1.5 0*’ 25® 50" 70® 76-6® 90® 

rj . 0-4813’“ 0-360 0-2694* 0*235 O-IOG 0*0635 0-0503* 0*0426 

J. R. Pound gave for the soln. with p per cent. H 2 SO 4 , at 30°, 

p , 99*924 05*723 93*410 85*070 80-243 58-356 26-492 0 

T/ . 0*2134 0*1074 0-1691 0*1905 .0*1568 0*0414 0*01426 0*0077 

A. E, Dunstan and R. W. Wilson gave the following results at 25° as corrected by 
A. E. Dunstan: 

p . 99-924 95-723 90*437 85*070 82*580 67*209 43*234 15*699 

ri . 0-24682 0*193567 0-20578 0-22040 0-20888 0*07515 0*02626 0*0136 

There is a minimum for the 95 per cent, acid corresponding with 3 H 28 O 4 .H 2 O. 
The results are plotted in Fig. 84. 8 , B. Stone, A. Smits and co-workers, and 

F. H. Rhodes and C. B. Barbour made observations on this subject. A. E. Dunstan 
and R. W. Wilson also found that with soln. of p per cent. SO 3 in H 0 SO 4 (water 
7 ?-0*00474), at 60-: 

p .0 16 3 21*5 27*72 40*6 46*0 70*0 

77 . 0*0832 0*1383 0*1488 0*1753 0*2045 0*1791 0*1147 

The sharp maximum corresponds with H 2 SO 4 .SO 3 , and it agrees with the results 
of R. Knietsch’s observations. W. Grunert found that the viscosity of mixtures of 
sulphuric acid and ammonium sulphate at 20°, 40°, 60°, and 80° increases slowly 
with the oonc. of the acid until the conversion of the sulphate into hydrosulphate 
is completed, when the viscosity remains constant. 3. L. R. Morgan and C. E. Davis 
found that when the viscosities are plotted with the deviations from the mixture 
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Fig. 83.—Volume Changes on Mixing 
Solutions of Sulphuric Acid and 
Sulphates. 
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rule. Fig. 84, the results agree with the existence of the hydrates H 2 SO 4 .H 2 O, 
3 H 2 SO 4 .H 2 O, and 4 or 5 H 2 S 04 ,H 20 . J. Wagner, and H. Grunert investigated the 



Fig. 84.— Tbe \ iscoeity of Solutions 
of Sulphuric Acid at 25°. 



viscosity of soln. of the sulphates. L. J. Simon found the viscosity of mixtures 
of sulphuric acid and sodium hydroxide gave a minimum corresponding with 
NaHS 04 > with potassium and rubidium hydroxides, with K 2 SO 4 and Rb 2 S ()4 
respectively; while H. Grunert found that an increased viscosity attends the forma¬ 
tion of ammonium hydrosulphate, L. J. Simon measured the viscosity of mixtures 
of chromates and sulphates. J. R. Pound also measured the viscosity of mixtures 
of ether and sulphuric acid ; K. Drucker and R. Rassel, mixtures of sulphuric and 
acetic acids ; E. C. Bingham and S. B. Stone, mixtures of nitric and sulphuric acids ; 
M. Bobtelsky and M. Janowskaja, mixtures of potassium and aluminium sulphates 
and sulphuric acid ; and F, H. Rhodes and H. 15. Hodge, mixtures of sulphuric and 
nitric acids. 

G. Meyer ^ found the surface tension in contact with mercury of sulphuric acid 
of sp. gr. 1*0559 to be cr=t316 dynes per cm. at 20 ^^; and M. Limekcwitz, for acids 
of sp. gr. 1*015 and 1*071, a—337*5 and 319*7 dynes per cm. respectively at 19°~20'^. 
Other observations were made by P. de Heen, P. Volkmann, A. Valson, G. Quincke, 
L. Grunmach, W. C. Rontgen and F. Schneider, C. Christiansen, W. H. Whatmough, 
etc. K. Ebeling gave the following values for the surface tension, a dynes per cm., 
and the specific cohesion, sq. mm,, at 18^ of sulphuric acid with p per cent, 
H 2 SO 4 , and in contact with air : 



P • 


8-0 

27*80 

41 

•00 

60-50 

85*00 


a 


"3-58 

76*13 

77 

•80 

76*62 

67*( 



. 

. 14-25 

12-87 

12 

•08- 

10*13 

6*' 

76 

C. E. Linebarger gave the 

following 

values 

for the 

surface 

tension, 

cr dy 

per cm. 









Per cent. H2SO4 

0® 

10® 

20® 

80® 

40® 

50® 

00® 

70® 

2*65 


73-60 

72*09 

72*02 

71*13 

70*07 

69*01 


11-87 


74-75 

74*10 

73*48 

72*58 

71*52 

70*45 

■ 


18-33 


75-30 

74*44 

74*39 

72*75 

71*90 

70*90 

69-95 

68-89 

35-13 


77-19 

76*68 

76-34 

75*45 

74-48 

74*06 

73*16 

72*25 

58-05 


77-80 

77*44 

77*2,5 

77*08 

76*76 

76*49 

76-03 

76*65 

65*27 


77-4 J 

77*34 

77-29 

77*13 

76*99 

76*89 

76*74 

76*31 

80*45 


(> 6(>0 

66-40 

66*32 

66*00 

65-92 

66-79 

65*67 

65*50 

83*23 


64/18 

64 00 

63*89 

63*70 

63*54 

63*48 

63*37 

63*10 

115*02 


58-26 

57*97 

57*76 

57*63 

67*43 

57*36 

57*28 

56*89 


The results for 0 , 20 ®, and 50® are plotted in Fig. 86 . With increasing proportions 
of sulphunc acid, the cuirvea rise to a maximum when the proportion is nearly 
f S'the surface tension falls with increasing proportions 
01 The effect of temp, becomes les.s and less marked as the cone, of the 

acid increases. This is taken to mean that the molecules of the acid are poljrmerised 
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to a high degree. J. L. R. Morgan and C. E. Davis measured the surface tension 
of soln. of the acid and found that when the results are plotted, Fig. 87, with the 
deviations from the mixture rule, there is a singular point corresponding with the 
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Fig. 86 . —Tlie Surface Tension Fjg. 87.—Tlie Eflfoct of Tem- 

of Sulphuric Acid. perature on the Surface 

Tension of Sulphuric Acid. 


]»ydrate H 2 SO 4 . 3 H 2 O. G. Tammann, L. Abonnenc, and A. Smits and co-workers 
made observations on this subject. W. Herz and E. Knaebel measured the effect 
of ammonium and zinc sulphates on the surface tension. R. Knietsch measured 
the capillary rise, h mm., water 100 , for sulphuric acid with p per cent. SO 3 , at 22 "^, 
and found : 


p . . 00 4-2 15 1 30-3 49-9 69*5 89 1 98-9 

. . 3823 38 23 37-64 36-47 36*29 29*41 24*70 23*62 

F. Eotvos measured the molecular surface energy ; and E. Aston and W. Ramsay 
found for an acid of cone. H 2 SO 4 + 2 H 2 O, at temp.: 



10 2“’ 

40 4° 

78-6* 

132-6* 

184 0* 

237-7* 

281-0* 

a 

55*26 

53-94 

62-86 

61-35 

49*49 

46-84 

43*80 

o{Mv)i 

787*6 

778-8 

772*6 

763-8 

749*7 

724-9 

690*1 

da(Mv)hld6 

0-209 

0-209 

0*209 

0-297 

0*599 

1*072 


Association 

32 3 

32-3 

32 3 

19-1 

6*7 

2*8 



This corresponds with the fornuila (H 2 S 04)32 for temp, below 132*5° ; and for temp, 
near 281°, (H 2 S 04 ) 3 . W. Ramsay and J. Shields found that a soln. of constant 


boiling acid, I 2 H 2 SO 4 .H 2 O, gave mol. wts. for temp, 
ranging from 132*5° to 281°, from 32*3 times the normal 
value. This was taken to mean that the decrease in 
mol. wt. above 132*5° may be due either to a breaking 
up of the complex mols,, or to a dissociation into sulphur 
trioxide and water. A. Christoff studied the effect of 
absorbed gases—hydrogen, oxygen, nitrogen, methane, 
and carbon monoxide—on the surface tension of sulphuric 
acid. J. R. Pound measured the surface tension of mix- 
t ures of sulphuric acid and ether; and the int(‘rfacial 
ii'usion of 42 organic liquids against sulphuric acid. 

The rate of diffusion of sulphuric acid into water was 
measured by T. Graham,^ who found that the rate of 
diffusion is more than half that of hydrochloric acid. 
The diffusivity with acids of different concentrations is 
fairly constant, but increases a little with the more cone, 
acid. J. J. Coleman found the speed to be slower than 



Percent Si/iphi/r/c aarf 

Fig. 88.-™Surface Ten¬ 
sion Deviations of Sul¬ 
phuric Acid from the 
Mi.vture Kule. 


that of nitric or hydrochloric acid, or a soln. of potassium 

hydroxide, but faster than a soln. of ammonia, sodium hydroxide or chloride, or 
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magnesium sulphate. The rate of diffusion was measured by J. C. G. de Marignae, 
J. Stefan, and N. A. Umoff. G, Tammann examined the diffusion of sulphuric 
acid through a membrane of copper ferrocyanide against soln. of the alkali 
sulphates. Y. Tcrada measured the rate of dialysis. F. E. C. Scheffer gave for 
the rates of diffusion of soln. with 0*030, 0*162, 0*240, and LON-H 0 SO 4 , respec¬ 
tively, i*==:l‘04, 0*099, 1*02, and 1*07 gram-equivalents for sq. cm. per day at 7*5 
to 8*5. G. Thovert gave for 18^ 

N- . 0-005 0:^.> 0-85 2-85 4-85 9-85 

k . l-:iO 1-32 1-34 100 1-00 2-36 


S. R. Carter and F. M. Lea studied the diffusion potentials at the boundaries involv¬ 
ing hydrochloric and sulphuric acids and potassium chloride soln. Whil(‘ 
L. W. Oholm gave for 20 ^: 2 iV-soIn.. k 1*297 ; 1-5.V-, /l;-l*350; A-, /l*--l*369 , 
0*5iV-, ^ ^rl-SOO ; and O-liV-, /(’--^l*f98. F. Hintercgger, and J. C. G. de Marignae 
studied the rate of diffusion of soln. of the sulphates. P. de Keen calculated the 
radius of the sphere of molecular action of sulphuric acid to be 718 X 10 ”"® mm. 

W. C. Rbntgen and F. Sclineider,^ and 0. Schmidt found the compressibility 
coefficient, / 3 , of sulphuric acid, containing p per cent. HoSO^, to be, at 17*3^ to 
17*98°, and 8 atm. press. * 

p . . . 6-57 12-7 35-76 47-58 62-37 

P , . . OO44158 004 1246 OO43386 OO43I89 0-042917 

between 18*2° and 22 ^ r 


p . 7-0 20 

p OO4I31 OO4365 


3li 44-7 63-0 72-0 91-7 

004314 OO4276 004242 OO4228 OO425O 


and for dTjdf, C. 1. Burton and W. Marshall gave 0*0051. The subject was studied 
by G. Tammann. J. L. R. Morgan and C'. E. Davis found that when the results 
are ])Iotted, Fig. 89, with the deviations from the mixture 
rule, a singularity app(‘ars corresponding with the 
hydrate H 2 SO 4 .H 2 O. J. II. Hildebrand gave 5300 atm. 
for the internal pressure. 

J. C. G. de Marignae ^ gave for the coeff. of thermal 
expansion, cubical, a, for H 2 S 04 .nH.> 0 , when 71 —0, 
a-0-0005758-0*06864^; n- 5, a-:- ()*00(}5726- O‘O^33Q0 ; 
71-10, a - 0*0005858-0*0636761; 7i-=15, a-0*0005618 
~ 0*06397<9; 71-25, a-0*00046254 0*0617520 ; 7i-50, 
a - 0*0002a35 + 0*0551600 ; ti - 100, a - 0*0001450 
+0*0582860; -200, a-0*0000629-f 0*0598660 ; 71-400, 

a-O*OOOO333+O*O4lOO3O0. C. Forch found that for 
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Fig. 89.— Compressibility 
Deviations of Suiphuric 
Acid from the Mixture 
Rule. 


A^-HcS 04 , a 
to 10°; a= 
to 20° ; a 
25° to 30° 


: 0*05147 from 0° to 5° ; a-O-OglOG from 5° 
0*05245 from 10 ’ to 15° ; a-0*05287 from 15° 
0*05326 from 20° to 25° ; a-O-OgSGl from 
a— 0*05392 from 30° to 35°; and a=0*06426 


from 35° to 40°. W. Kohlrausch gave for 96, 98, and 
10 per cent. H 2 HO 4 , respectively a- 0 * 0355 , 0 * 0355 , and 0*0857. R. Kremann and 
R. Ehrlich found that the thermal expansion of mixtures of sulphuric acid and 
water has a well-defined maximum corresponding with H 2 SO 4 .H 2 O ; a dilation 
due to the dissociation of this hydrate is observed between 0 ° and 87*9°, and is 
greater at the lower temp., so that only a small proportion of this hydrate exists 
at 87*9°. Observations were also made by A. Bineau, G. Tammann, J. Kolb, 
G. Lunge, and A. Schertel; while D. I. Mendel^ff, in accord with his theory of 
hydrate formation, worked out a number of maxima and minima values of a— 
vide supi'a. The thermal expansion of sulphuric acid has been also discussed in 
connection with the sp. gr. 

According to H. F. Weber,® the thennal eonduotivity of sulphuric acid of 
sp, gr. 1*831 at 12 °, is i=0*000765 cal. per cm. per sec. per degree; G. Jaeger 
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gave for 30, 60, and 90 per cent. H 2 SO 4 , at 32^ i=-0-001244, 0-001047, and 0-000846 
respectively ; and C. Chree gave for sulphuric acid of sp. gr. 1-054, 1 - 10 , 1*14, and 
1*18, between 19*7° and 21°, A;=0-00126, 0*00128, 0-00128, and 0-00130 respectively, 
W. von Beetz also made some observations on this property. 

Observations on the specific heat, c, of sulphuric acid were made by 
L, Pfaundler,® J. Thomsen, J. C. G. de Marignac, F. Bode, G. Tammann, C. C. Per¬ 
son, etc, Besults by E. Biron for sulphuric acid, HgSO^.nllgO, or p per cent. 
H 2 SO 4 , are : 


n 

. 0 

0-2976 

0-4866 

0-9246 

1-0 

1-5439 

2 

3 5 


. 100 

94-82 

01-81 

85-48 

84-48 

77-91 

7313 

64*47 52-13 

c 

. 0-3352 

0-3554 

0-3786 

0-4345 

0-4408 

0*4517 

0-4628 

0-5012 0-5805 

n 

6 

7 

10 

13 

16 

20 

60 

200 1600 

V 

. 47 57 

43-75 

35-23 

29-52 

25-30 

21-38 

9-82 

2-65 0-3.391 

c 

0-G152 

0-6175 

0-7231 

0-7717 

0-8041 

0-8339 

0-9171 

0-9763 0-9967 

F. 

Bode gave : 









Sp.gr. . 

1-842 

1-711 

1-530 

1*383 

1-263 

M62 

1-075 1-0.37 


Sp. ht. , 

0-3315 

0-41 

0-49 

0-00 

0-73 

0-82 

0-90 0-95 


(h Agdc and H, Holtmanu gave for the sp. ht. of aq. soln. of sulphuric acid, 
between 25° and 45° ; 


113804 . 1 10 20 40 GO 80 100 per coni. 

Sp. lit. . 01H)0 0 918 0-839 0-G80 0-535 0-424 0-338 


Th(‘ results are plotted in Fig. 90, where the dotted line represents values calculated 
by the additive rule. S. U. Pickering gave 0-2349 for 
solid H 0 SO 4 at “30°, and 0-2721 at 0° ; and for the liquid 
0-345 at 20 ° and 0-358 at 50° ; J. C. G. de Marignac gave 
0-331 at 16°-20°, and 0-336 at 20°-56° ; and C. Cattaneo, 

0-332 at 5°"-22°. For 50 per cent. H 2 SO 4 , C. Cattaneo 
gave 0-593, and for 5-2 per cent., 0*959 at 5°~22°; while 
J. C. G. de Marignac gave 0*975 for 2*2 per cent. H 2 SO 4 at 
16°*-20°. H. Schlesinger gave for 65 per cent. H 2 SO 4 , 

0-467, 0-443, and 0-458 respectively at 0°, 35°, and 70°; 
and for 85 per cent. H 2 SO 4 , 0-388 at 0° and 0-406 at 70°. 

L. Pfaundler gave the following values for the sp. ht., c, 
and the molecular heat, C, of H 2 SO 4 : 



cerrt 


Fio. 90.—Specific Heat 
of Sulphuric Acid. 



22‘=’-'80“ 



ior-iio“ 

lll'’-120® 

Sp. ht. 

0-356 

0-366 

0-358 

0-369 

0-360 

Mol. ht. . 

. 34-790 

34-888 

35-084 

35-182 

35-280 




14r-150* 

151®-160’ 

10 : ^ -170'’ 

Sp. lit. 

. 0-362 

0-366 

0*366 

0-367 

0-370 

Mol. ht. . 

. 35-476 

35-672 

35-770 

36-966 

35-260 


L. Pfaundler gave 0-470 for the sp. ht. of the dihydrate, H 2 SO 4 . 2 H 2 O ; and for the 
monohydrate, H 2 SO 4 .H 2 O, 0*448. J, Thomsen, and J. C. G. de Marignac calcu¬ 
lated the sp. ht. of a soln. containing WH 2 O per mol, of H 2 SO 4 from the formula 
c(7-3n)=~“2*5+«. M. Berthelot said that when a compound forms a hydrate in 
aq. soln., the thermal capacity diminishes, but E. Biron co\ild not confirm this 
hypothesis in the case of sulphuric acid. R. Kremann and R. Ehrlich showed that 
the hydrate, H 2 SO 4 .H 2 O, is stable only in the range of temp, between 0° and 130°. 
Hence, the sp. ht. of the mixture obtained by cooling from 130° should be greater 
than the sp. ht, determined by cooling from temp, above which the hydrate is com¬ 
pletely decomposed. R. Kremann and F. Korschbaum found evidence of this; 
they observed that the average sp. ht. of H 2 SO 4 .H 2 O, between 33*7 and 207*1° is 
0*430, and it increases slightly as the initial temp, rises; R. Auerbach gave 0*294 
for the sp. ht. of liquid pyrosulphuric acid at 12°; and 0*154 for the solid acid. 
N. de Kolossowsky discussed the sp. ht. of the acid. R. Knietsch obtained the 
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following values for the sp. ht., c, of fuming sulphuric acid containing per cent, 
of free SO 3 , at 35° : 

p . .20 12-89 23-78 34*07 51*00 72-78 89*12 100*0 

c . . 0*345 0-340 0-340 0-350 0*370 0*495 0*660 0-77 

J. R. Pound examined the sp. ht. of mixtures of ether and sulphuric acid. 

G. Lunge,19 J. Thilo, M. Altschul, E. Puchot, W. Hilln^ayr, R. Knictsch, 
E. Biron, R. Pictet, L. Pfaundler and E. Sehnegg, S. U. Pickering, etc., made 
observations on the beessing points, and the melting points of binary mixtures 
of sulphur trioxido and water, in their bearing on the existence and properties of 
sulphuric acid and its hydrates. The data have been discussed in a special section 
—vide supra. Fig. 78. According to W. Ostwald, the f.p. of soln. of sulphuric 
acid shows that the acid is ionized in aq. soln. E. H. Loomis, 8 . U. Pickering, 
A. A. Noyes, and K. G. Falk, T. G. Bedford, W. Hillmayr, K. Driicker, A. Ponsot 
H. Hausrath, M. Wildermann, M. Randall and G. N. Scott, T. S. Price, and 
H. C. Jones and co-workers measured the molecular lowering of the freezing point, 
and their results, if C denotes the number of grams of H 2 SO 4 per UX) grras. 
of water; 6 °, the f.p.; C\ mols of H 2 SO 4 per KXX) grms. of water; SO, the mol. 
lowerings of the f.p., are : 


c . 

000299 

0*04095 

0-U>14 

0-4520 

105G 

4-360 

11-712 

24*520 

e . 

--oooier 

-0*02102° 

-0-07669° 

-0-1888^ 

-0*425° 

-1-716° 

- 7-265° 

-16-275° 

cr . 

0*000305 

0-004175 

0 01640 

0-0161 

0*1077 

0*445 

1-500 

2-000 

se . 

6*275° 

5-03° 

4-60° 

4*10° 

3*95° 

3-86° 

4*843° 

6*610° 


This means that the mol. wt. at first decreases rapidly as the concentration increases, 
reaches a minimum, and then rises again. H. C. Jones and co-workers showed 
that the results agree with the assumption that solvation occurs with soln. more 
cone, than 0 * 5 iV’-H 2 S 04 —vide supra, the hydrates of sulphuric acid. E. Cornec 
found that the curve showing the lowering of the f.p. of sulphuric acid during its 
progressive neutralization with a soln. of potassium or ammonium hydroxide 
shows one break corresponding with the normal salt. F. M. Raoult determined 
the effect of sulphuric acid on the f.p. of ethylene bromide ; E. Mameli, acetic 
and chloracetic acids; G. Ampola and E. Carlinfanti, nitrobenzene ; and G. Oddo, 
phosphoryl chloride. In nitrobenzene, acetic and chloracetic acids, formic acid, 
and in phosphoryl chloride, the computed mol. wt. agrees with (H 2 S 04 ) 2 . 
F. M. Raoult discussed the mol. lowering of the f.p. of soln. of the suljdiates. He 
found that the mol. wts. of freshly prepared soln. of sulphuric acid in acetic acid 
correspond with (H 2 S 04 ) 2 , and that the molecules depolymerizc on standing. 
6 . Oddo and E. ^andola gave 6*81 for the ciyosoopic constant of H 2 SO 4 
(f.p. 10*43°); R. Auerbach, 10-5° for pyrosuiphuric acid; and A. Hantzsch, 7*(X} 
(with f.p. 10*46°). The mol. condition of various substances dissolved in absolute 
sulphuric acid were studied by G. Oddo and co-workers, and A. Hantzsch. 
R. Lespieau gave 4*8 for the cryoscopic constant of H 2 SO 4 .H 2 O (f.py 8*4°); and 
he found the mol. lowering of the f.p. in liquid hydrogen cyanide to be 19*5. 

J. L. Gay Lussac said that when the vapour of sulphuric acid is passed through 
a white-hot porcelain tube, the sulphur trioxide is broken down into sulphur dioxide 
and oxygen, and H. St. C. Devillc and H, Debray, and C. A. Winkler utilized the 
reaction for jirepafing oxygen. The acid was dropped into a red-hot retort filled 
with platinum scraps, or fragments of pottery; the sul]>hur dioxide was removed 
by washing the mixed gases with water. According to T. B. Redwood, some sulphur 
dioxide is formed when sulphuric acid is distilled in a platinum retort. J. A. Wanklyn 
and J. Robinson showed that the vapour of sulphuric acid decomposes into sulphur 
trioxide and water, and the two gaseous components can be separated by atmolysis 
owing to their different rates of diffusion. M. Bodenstein and M. Katayama studied 
the dissociatioil of the vapour of sulphuric acid : H 2 »S 04 ^H 20 "fS 0 jj, at tem]>. 
above 600°, and found that the dissociation constant, A'" in A"fH 2 S 04 ]—[SO 3 XH 2 O], 
can be represented by log A"=~-4)/4'571T+0-75 log T+4*086, when the concentra- 
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tions are expressed in mols per litre. Th(' t(*inp, of lialf dissociation at atm. press, 
is 623^ K., when the calculated value is 599"^ K. By adding cT to the equation to 
allow for the difference in the sp. ht., c, of the substances formed and destroyed 
in the change, log --22850/4*571 T+0-75 log J-0*00057^+4*086, fits the 

observed results very well for acid vapour containing 85*05“100*5 per cent. H 2 SO 4 . 

Observations on the vapour pressure of sulphuric acid in aq. soln. have been 
made by W. Mliller-Krzbach,^*^ M. Faillebin, K. Schech 0. A. JVirkins, T. Tate, 
K. von Helmholtz, F. L. Kortright, E. Aston and W. Ramsay, J. N. Bronsted, 
W. C. Ferguson, E. Baur, A. Vogel, W. Daudt, H. E. Koscoe, Lord Rayleigh, 
R. E. Wilson, and R. W. Gray and H. Whitaker. The results of II. V. Regnault arc 
indicated in Table X for temp, ranging from 5^ to 35'', and for cone, ranging from 


Table X.—Vabour J^reshures of Water over Mixtures of Sulphuric Acid 
AND Water (H. V. Regnault), 


CJ 


5"! 

0° I 
7" 
8 ^ 
ir 

ir 
12 " 
IT 
14" 
If)" 
18" 
17 ‘ 
18 " 
IT 
20" 
21" 
22 ° 
23° 
24° 
25° 
26° 
27° 
28° 
29° 
30° 
31° 
32° 
33® 
34° 
35° 


r«T cent. II 2 SO 4 (Pressures In mrn.) 


H4 48 

73 13 

04 47 

57 05 

52 13 

43 75 

37 G9 

.3 i -10 

24 26 

O 3 ‘JHoO 

803 . 311^0 

S()j 4 II 2 O 

SO 3 51*20 

SOjGH/J S()j. 8 H 20 

SOj.lOlTjO 

_ 

SO,. 12 H ,0 

83 ISHjjO 

0105 

0-388 

0-861 

1-204 

2-137 ' 

3-168 

4-120 

4-428 

5*478 

0100 

0-409 

0-922 

1-300 

2-296 

.■i;»98 

4-416 

4-787 

5-870 

0-108 

0-430 

0-985 

1-51(» 

2-164 ! 

3-643 

4-728 

6-164 

()-3(H) 

0-110 

0-452 

1-053 

1-62.S 

2-641 . 

3-902 

6-059 

6-562 

6-745 

0-112 

0-176 

1-126 

1-753 

2-829 1 

4-176 

5-408 

5-980 

7-216 

0-116 

0-501 

1-200 

1-885 

3-029 

4*466 

5-777 

6-420 

7*712 

0-118 

0-527 

1-280 

2-025 

3-240 

4-773 

6-160 

6-883 

8*237 

0-121 

0-556 

1 364 

2-17.3 

3-463 

5*098 

6 578 

7-371 

8-790 

0 124 

0-586 

1-464 

2-331 

3-699 

f. 443 

7 013 

7-885 

9-374 

0-127 

0-617 

1-548 

2-498 

3-950 

6*808 

7-473 

8-425 

9-991 

0 131 

0-651 

1-648 

2-674 

4 215 

6*104 

7-058 

8-995 

10-641 

0 135 

0 687 

1-763 

2H61 

4-405 

6 603 

8 471 

9-592 

11*329 

0-139 

<)-725 

1-865 

3*050 

4- 79.3 

7 036 

0-014 

10-222 

12-054 

0-144 

0-765 

1-983 

3 270 

5-107 

7*495 

9-586 

10-885 

12-820 

0-149 

0-808 

2-108 

3 492 

5-440 

7*980 

10-191 

11-583 ' 

13*628 

0-154 

0-853 

2-241 

3 728 

5-792 

8*494 

10-831 

12-317 ! 

14*482 

0-159 

0-001 

2-380 

3 977 

6-166 

9*039 

11-506 1 

13-090 1 

16-383 

0-166 

0-952 

2-528 

4-243 

i 6-661 

9-615 

12-220 1 

13-904 

16*334 

0-171 

1-006 

2-684 

4-523 

1 6-979 

10-226 

12-974 

14-760 

17-338 

0 177 

1-064 

2-849 

4-820 

7-422 

10-872 

' 13-771 

15-661 

18-397 

0-184 

, 1-125 

3 024 

6-135 

7-802 

11-557 

14-613 

16-610 

19*516 

0-191 

' 1-190 

3-209 

5-469 

8-388 

12-282 

16-503 

17-608 

20*697 

0-199 

1 1-268 

3-405 

5-822 

8-914 

13-050 

16-443 

18-659 

21*944 

0-207 

1-331 

3-611 

6-197 

9-471 

13-862 

17-436 

19-766 ! 

23-260 

0-216 

, 1-408 

3-830 

6-594 

10060 

14-723 

18-485 

20-929 ; 

24-660 

0-225 

i 1-400 

4-061 

7-014 

10-684 

15-636 

19-594 

22-164 

26-117 

0-236 

1-577 

4-306 

7-459 

11-345 

16-600 

20-765 

23-443 1 

27*666 

0-246 

1 1*670 

4-564 

^ 7-933 

1 12-045 

17-622 

22*003 

24-300 

29*300 

0-266 

1-767 

4-838 

I 8-432 

12-786 

18-704 

23-311 

26-228 

31*025 

0-256 

* 1-871 

6-127 

1 8-962 

13-669 

19-850 

24-692 

27-732 

32*847 

0-280 

1 1-981 

, 6*432 

! 9-624 

! 14-400 

21-063 

26*152 

1 

29-314 

34*770 


SO 3 . 2 H 2 O to SO 3 .I 8 H 2 O, or from 24-26 to 86-48 ^ cent. H 2 SO 4 . B. C. Burt 
gav(i for the vap. press., jt) mm., of water over mixtures of sulphuric acid and 
water—for 24*92 per cent. H 2 SO 4 : 


es* 60 * 

p . 95*5 120-7 

for 30*46 per cent. H 2 SO 4 : 

05* 60* 

p . 86-8 111-0 


70“ 

192-7 

76' 

240-2 

85* 

363*3 

95* 

532-6 

100* 

640-8 

70* 

170-6 

76' 

219-8 

86* 

332-8 

05* 

488-2 

100* 

689-9 
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for 41*01 per cent. H 2 SO 4 : 



60* 

70“ 

80“ 

90“ 

100 “ 

105“ 

110 “ 

p 

. 84-2 

136-6 

211-8 

317-2 

465-8 

660-2 

670-2 

for 54*24 per cent 

. H 2 SO 4 : 







60* 

70“ 

80“ 

90“ 

100 “ 

116“ 

126“ 

P 

. 44-1 

74-0 

1181 

182-9 

267-4 

470*9 

662*6 

for 62*81 

per cent. 

H 2 SO 4 : 







70" 

85“ 

95" 

110 “ 

120 “ 

130“ 

140“ 

P 

. 36*4 

73-6 

115 8 

210-8 

308*0 

438-3 

612-8 

for 70*78 

per cent. 

H 2 SO 4 : 







90“ 

100 “ 

110 “ 

120 “ 

185“ 

150“ 

160“ 

P 

. 35-5 

57-0 

89-0 

140-4 

246-3 

426-9 

589-0 

for 8M5 

per cent. 

H 2 SO 4 : 







136“ 

146“ 

150“ 

166“ 

160“ 

165“ 

170“ 

V 

. 52-8 

82*6 

101*7 

124*0 

150*4 

180-9 

218 9 

for id -01 

j>(‘r cent. 

. H 2 SO 4 : 







176* 

185* 

195’ 

205“ 

215* 


230“ 

P 

45*.*) 

07*9 

98*1 

]:i 8 2 

190 3 

223*6 

263-5 

for 95*94 

per e<‘Mt. 

H 0 SO 4 : 








21<i“ 

215" 

220“ 

225“ 

2.30“ 

235“ 

P 

:ui 

4(»*S 

50*1 

00-S 

72*2 

85*9 

106*0 

B. C. Burt showed that the ; 

mol. wt. 

calculated from the 

vap. press. 

never rise 


above 32*7 and arc usually below 32*7 ; they increase with temp., and decrease 
with greater concentrations. Inversion points frequently occur in the mol. wt.— 
temp, curves. It is therefore inferred that combination occurs in soln. forming 
new complexes, but there is no satisfactory evidence to show that definite hydrates 
exist in the soln. Using the data of B. Briggs in Table XI, and from those of 
E. Sorel in Table XII, A. W. Porter found that when E. Sorel’s data are com¬ 
bined with J. Bertrand’s vap. press, formula, and Clapeyron’s equation, impossible 
values are obtained for the heats of soln. of sulphuric acid and water —vide infra. 
A. W. Porter represented B. C. Burt’s results by p=(l•4455 — 1 *447for 
sulphuric acid ; and R, Knietsch’s results for fuming sulphuric acid by (1*295 
—94r“^)^<^ on the assumption that the mol. wt. of the vapour of sulphur trioxido 
is 80. C. H. Greenewalt compiled the following data for the constants a and b in 
the equation logp=a—for soln. containing iv per cent. H 2 SO 4 : 


W 

0 

10 

20 

10 

60 

80 

90 

96 

a . 

. 8-946 

8*925 

8-922 

8-841 

8*841 

9*293 

9*255 

9-790 

6 . 

. 2260 

2259 

2268 

2299 

2458 

3040 

3390 

3888 


E. Kuietsch measured the vap. press, of fuming sulphuric acid in an iron vessel 
three-quarters filled with the oleum, and the remainder with air. The manometer 
readings are indicated in Table XIII. J, W. McDavid also measured the vap. 
press, of fuming sulphuric acid. Observations on the molecular lowering rf the 
vapour pressure of water, 8 , by sulphuric acid were made by G. Tammaiin, A. Groll- 
man and J. C. W. Frazer, M. C. Boswell and R. C. Cantelo, A. Sjuits, and C, Hacker. 
C. Dieterici found that at 0^, for soln. of normality N, the mol. lowerings of the vap, 
press, are: 


. 0*9605 

0-4483 

0-2323 

0-1472 

0-1106 

0-0624 

. 0-1680 

0-0767 

0*0391 

0-0246 

0*0199 

0*0106 

. 0-177 

0*171 

0-108 

0-167 

0*180 

0*168 


The results show that the mol. wt. increases with increasing concentration. A. Groll- 
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Tabui: XI. —Vapoub Pri:8.suiie of Watkb over Mixtitbes of Sxjlphobio 
Acid and Water (B. Bbigos). 


Temperatures (Pressures In mm.) 


H^Oi 
per cent. 

— 

' 



— 


— 



— 

— 


lOO** 

110*’ 

120“ 

130“ 1 

140“ 

150“ 

160“ 

170“ 

180“ 

190“ 

200“ 

77-51 

20-2 

42-5 

71-0 

112-5 

168-5 

300-0 





__ 

79-17 

14-3 ' 

33-8 

56-2 

86-2 1 

132-0 j 

210-0 

335-0 

— 

_ 


_ 

81-81 

8-5 

18-8 

32-5 

51-0 1 

75-7 

126-5 1 

207-5 

322-5 

“■ — i 



84-26 

5-3 

IM 

18-5 

29-5 

40-0 

76-7 , 

118-5 

180-0 

282-5 i 

- 

_ _ 

87-32 

2-4 

5-0 

8-7 

15-0 1 

26-3 ' 

43-5 

63-8 I 

92-5 

132-5 1 

191-0 

367 

91-22 

1 



6-9 

10-0 1 

15-0 

25-0 

40-6 

92-6 1 

92-5 

149 


Table XIT. —Vapour Pressure of Water over Mixtures of Sulphuric Acid 

AND Water (E. Sorel). 


H,SO. 
l>er cent. 

44 

10“ 

4 4 

20“ 1 

1 8 5 

80“ 

15 5 

Temperatures (Pressures in mm ) 

1 40“ 50“ j 00“ , 70“ 

! 

1 28-1 48-3 1 — 

80“ 

j 90" 

05- 

46 

4-0 

7 7 

14-5 

i 26-3 

, 44-4 


76-5 

—. 

— 

— 

— 

48 

3-7 

7-1 

13-4 

23-9 

40-1 


69-0 

107-2 

— 

— 

— 

50 

3 3 

0-5 

12 0 

21-4 

35-9 


61-3 

1 95-6 

152-0 

236-7 

— 

62 

3-0 

5 8 

10 9 

18-9 

' 31-5 


54-0 

84-5 

131-2 

j 207-9 

251-5 

64 

2-6 

5 0 , 

9 5 

16-5 

27-8 


47-2 

74-8 

116-1 

183-5 

222-0 

56 

2-2 

4-3 

8 1 

14-2 

24 1 


41-6 ' 

65-0 

100-9 

160 0 

195-0 

58 

1-9 

* 3 0 

7 2 

12-0 

20-4 


34-5 , 

55-4 

86-2 

1 138-5 

169-5 

60 

1 6 

1 3-0 

6-1 

10-0 

10-9 


28-7 ' 

46-1 

72 3 

1 118-7 

146-0 

62 

1-4 

2-6 

5-0 

8-1 

13 9 


23-9 ' 

37 7 

59-7 1 

I 100-7 

125-0 

64 

1-2 

1 2 2 1 

40 

6-5 

10 9 


18-7 

30 3 

48-0 j 

83-7 

105-0 

66 

1 1 

1 1-8 

3-5 

i 5-4 

1 8-9 


15-2 , 

24-2 

39-0 

70-0 

88-0 

08 

0 9 

1 1-5 

3 0 

1 4-5 

> 7-2 


12-3 ' 

19 4 1 

31-4 

56-0 

72-0 

70 

0-8 

13 1 

2-5 

3-8 

5-9 


9-5 I 

15-5 1 

25-5 

44-4 f 

570 

72 

0-7 

' 1 0 ' 

2-0 

! 3-2 

4 8 

I 

7-5 

12-0 

20-0 

33-7 

43*4 

74 

0 5 

0-6 

1-7 

2-6 

3-9 


6 0 ' 

9-5 

15-4 

24-5 

31-5 

76 

0-4 

0 5 ’ 

1-4 

2-1 

3-0 


4-8 

7-5 

11-8 

18-5 

22-0 

78 

0-3 

' 0-4 1 

1-1 

1-7 

2-4 


3 5 t 

5-7 

8-5 i 

13-0 j 

15-8 

80 

0-2 

0-3 

0-8 

1-3 

1-9 

1 

2 9 

4-1 

6-2 

9-3 1 

11-0 

82 

0-1 

0-2 , 

0-5 

0-9 

1-4 

! 

2-0 

2-7 

3-9 

5-6 ; 

6-8 


Table XIII. —^Total Vapour Pressure of Fuming Sulphuric Acid, 


Temp. 



I’lT cent, oleum (Pressures In atmosphere). 


80 

40 I 

50 

1 

60 

70 

i. 

60 1 

100 

35® 


i 

1 


1 

1 _ 

0-150 1 

0-400 

40® 

_ 

0*075 


0-225 ! 

I 0-376 

0-500 

0-650 

60® 

0-100 

0*176 

0-360 1 

0-625 

1 0-776 

> 0-876 

1-200 

60® 

0-200 

0-276 

i 0-66() 

0-825 

' 1-400 

1-500 1 

1-850 

70® 

0-275 

0*400 

0-825 

1-275 

1 2-050 

2-300 

2-725 

80- 

0-400 

0-575 

1-160 

1-850 

1 3-100 

i 3-500 

4-000 

90® 

0*630 

0-826 

1-700 

2-675 

1 4-400 

5-050 

6-900 

100® 

0-730 

—J 

MOO 

2-400 

3-700 1 

6-000 




man and J, C. W. Frazer also measured the lowering of the vap. press, of soln. 
up to 2 ‘ 9 M-H 2 S 04 . N. de Kolossowsky gave 5*35~ r)’95 for the ebullioscopic 

eonatant 




400 


INORGANIC AND THEORETICAL CHEMISTRY 


A. Bellani said that no sulphuric acid vapour is given off at ordinary temp., 
and T. Graham, that the dil. acid can be concentrated at a temp, not exceeding 
190® without the loss of a particle of acid. G. A. Koenig, and A. Colefax stated 
that sulphuric acid is itself slightly volatile at temp, below 30®; and H. C. Gore 
also said that in vacuum desiccators sulphuric acid may lose 0*00656 mgrm. per sq. 
cm. per day owing to its volatility ; but G. S. tiohnson showed that the acid is not 
volatile at ordinary temp, even in a good vacuum, if no reducing vapours are pre¬ 
sent. H. Rebenstorff’s statement that cone, sulphuric acid evaporates very slowly 
in dry air, but more quickly in moist air, has not been confirmed; and the same 
thing applies to V. M. Delacharionny s statement that cone, sulphuric acid at 65®- 
70® gives off acid fumes. At higher temp., as shown by H. N. Morris, the acid may 
give off white fumes —vide infra, chemical mist. F. Krauss also said that a volatile 
compound is formed wh(‘n barium sulphate is dissolved in cone, sulphuric acid. 
B. C. Burt’s observations show that the observed vap. press, up to 200® are in all 
probability due to water alone ; but J. S. Thomas and A. G. Ramsay have shown 
that the partial press, of the sulphuric acid is measurable at 140®, with 97*6 per cent. 
H 2 SO 4 ; but with dil. acids the partial press, of H 2 SO 4 is too small to measure 
accurately below 200®. The following is a selection from their results when the 
l)artial pres.s. of the sulphuric acid vapour are expressed in mm. of mercury ; 


Per cert 


HaS04 

100 ^“ 


200 * 

220 ® 

230 ® 

250 ® 

260 ® 

86*76 

0*006 

0*02 

0*08 

0-39 

- 

- 

- 

91*43 

0*01 

0*03 

0*125 

0 50 

MO 

4*58 

— 

97*58 

0-40 

1-05 

2*45 

4*95 

7*00 

14 00 

20*00 

99-62 

0*70 

1-50 

3*50 

6*85 

9-55 

19 00 

26*20 


The results can be represented by log p—0*01457—6*3258, or log p •=7*8315 

— 39597^^ for the 99*67 per cent, acid ; by log p -0*01587 -7*1161, or log p--8*5993 
-38997-1 for the 97*58 per cent, acidi'; bylogp-0*03l77 - 15*8923, or log p =15*3259 

— 81837—1 for91*43 percent.acid; andbylogp -0*03247 16*4089,orlogp“-=17*7644 

—89677—1 for the 86*76 per cent. acid. Where the press, are small, these relations 
are not reliable— infra. The vapour is probably present in the more or less 
dissociated form H 2 S 04 ^S 03 -f HoO. J. S. Thomas and W. F. Barker measured 
the partial press, of both the water and the sulphuric acid. Selecting a few numbers 
from their tables 


Per cent. 

Ha804 e 

^fl*804 


P 

.4<)Hiimiag complete dissociation, 
^-'so, J>H.O 

1 

1183-0° 

0*5 

78*8 

79*3 

0*1 

79*2 

79*3 

89*25i 

216*5° 

2*1 

233*1 

235*2 

2*1 

2.34*6 

236*7 

1 

1 241-5° 

5*3 

414-8 

420-1 

5*3 

417^2 

422*6 

1 

1191*0° 

0*6 

50*7 

51*3 

0*6 

61*3 

51*9 

91*26. 

242*6° 

6*4 

271-6 

278-0 

6-4 

275*7 

282*1 

1 

1262*5° 

16*3 

41M 

427*4 

15-9 

419*0 

434*9 


[180*0° 

2*1 

10*1 

12*2 

2-1 

12*2 

14*3 

96*06 

244*5° 

19*9 

120*1 

140*0 

19-4 

136*4 

166*8 


1 282*0° 

62*6 

360-2 

402*8 

49 2 

376*6 

426*7 


(204*0° 

6*9 

0*0 

5*9 

5-9 

6*9 

11*8 

98*06 

249*0° 

28*5 

2-6 

31*1 

27*5 

200 

67*5 


1296*0° 

132*3 

14*7 

147*0 

112*7 

126*2 

237*0 


(211*0° 

33*2 

— 

33 2 

33*2 

33*2 

66*4 

99*23 

244*0° 

84*1 

— 

84*1 

84*1 

84*1 

168*2 


[290*0° 

381*6 

— 

381*6 

381*6 

381*5 

763*0 


The partial press, can be represented by an equation of the type logjoplog T. 
For 89*25 per cent. log,75*5303 -f8529'90T-»-f 21*4909 log T; iogj^pj^ 

— 32*6120+216*857-1-13*114 log 7; andlogi<>7= -33*6236+166*6637-1 —13*443li 7. 
For 91*26 per cent. H,S 04 ,log,o FHjSO* = 48*2388 + 7026*677^1 « 12*4310 log 7; 

log7; and iogipP == 66*8040 + 7483*287-i 
+ 18*3669log7. For 95*06 per cent. H, 804 , logPHt 804 =^ —106*6692 —4828*267 —1 
-36*2946log7; log,pPH,0=-22*4406 +4641*07-1 4*2726log7; and logP«:8*4668 
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+ 3616-977^>-0 1707Iog7’. For 9806 por cent. H.SO,, logpjj --=8-2878 = 1319-7r 
-0-S169Iogr; log.apg Q = 20-7109 + 6415-313’-‘-f 3-63531og 7’ and log„P = 10-8170 
-f4618-217^<-f 0-2571 logV. For 99-23 ixr cent. H,SO«, log 20-0946-fl 695-867^* 
— 9-3427 log T. 

The isothermal curves arc plotted in Figs. 01 to 93. With the curves for the total 



Fig. 91,—Total \’’a[)our Fig. 92.— Partial 
Pressure over Sul- J’ressure of 
phuric Acid. Water Vapour 

over Sulphuric 
Acid. 


Fig. 93.—Partial 
Pressure of 
Acid over Sul- 
Iihuric Acid. 


press., and for the partial press, of H 2 SO 4 , there is an abrupt change of direction 
when the soln. contains 98*2 per cent. H 28 O 4 . J. R. I. Hepburn, and 
I. R. McHaffie also measured the vap. press, of the water over 65‘9--83‘5 per cent, 
sulphuric acid between 15*5° and 17*5”, and the results agree with those of 
R. E, Wilson, and J. N. Bronsted. Formulae proposed by P. Dubem,!^ M. Mar- 
gules, J. von Zawidzky, and R. A. Lehfeldt, express the relationship between the 
composition of the liquid, and the partial vap. press, of its constituents. The 
results with the so-called Duhem-Margules' formula— 1 . 10 , 10 —are very fair in 
view of the complication arising from the dissociation of the acid. For the dis¬ 
tillation of mixtures of sulphuric and nitric acids, vide nitric acid. A. Sanfourche 
and L. Rondier discussed the vap. press, of mixtures of sulphuric acid with 
nitrous and nitric acids. A. W. Porter, and J. R. Pound studied the vap. press, 
of mixtures of ether and sulphuric acid. 

If a drop of sulphuric acid, H 28 O 4 , be placed in a flask containing dust-free air, 
sat. with water vapour, a dense cloud appears. The chemical mists or chemical 
fogs produced by a reaction in the vaporous state— e.g. air containing ammonium 
chloride, phosphorus pentoxide, iodic acid, and sulphur dioxide—can be passed 
many times through water without the dissipation of the mist. H. N. Morris 
showed that the white fumes given of! when cone, sulphuric acid is heated in a 
closed retort, are exceedingly difficult to absorb or condense. For instance, the 
white cloud persists after it has passed through a series of pipes immersed in water, 
and then through a coke scrubber moistened with water; after it has passed 
through water, dil. sulphuric acid, soda-lyc, sodium carbonate soln., lime-water, 
ammonia, etc. ; also through tubes packed with many of these solids. The 
sulphuric acid fumes wore not visibly affected after passage through a 10 per cent, 
soln. of barium chloride, and the soln. becomes turbid only after 15 minutes’ action. 
The cloud disappears after it has stood a long time in contact with water. The 
mists from chemical reactions were studied by H. Remy and co-woiKers. In the 
case of the burner gas of the contact process for sulphuric acid, the temp, is so high 
that the sulphuric acid must be dissociated into sulphur trioxide and water. It 
is not settled whether the two vapours on cooling form liquid sulphuric acid, or 
whether sulphuric acid vapour is formed and subsequently condensed. When the 
mist is formed, the vapours may condense on solid particles of dust, or on ionized 
gas molecules. The droplets are presumably larger the more slowly the gas is 
cooled, and R Knietsch showed that with alow cooling tlie more readily the mist 
is clarified. It lias been shown— 1 . 9, 6 —^that the smaller the droplets tin* greater 
von. X, 2 I) 
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the vap. press. As shown by J. S. E. Townsend, the vap. press, of the droplets may 
a})proach that of the water or dil. acid with which they arc to be washed or scrubbed, 
so that the washing may be slow, and depend on the vigour of the mechanical 
agitation of gas and liquid. V. Rothmund’s observations on these mists indicated 
that the mean diameter of the particles is lO”'^ cm., and A. Delasalle obtained a 
similar value for the sulphuric acid mist. H. Remy found that the absorption 
of ammonium chloride mist is greater in water than in a nearly sat. soln. of that 
salt; with sulphuric acid mist, the absorption of water is visibly incomplete, 
whereas, with 98 per cent, sulphuric acid, the mist is cleared. Actually, however, 
the absorption by water is greatest, and the 98 per cent, acid is a bad solvent, but 
it renders the mist invisible—if the gas be then pSiSsed through water, the mist 
reappears. This is taken to mean that tin; sulphuric acid and sulphur trioxide 
mists must not be confused ; the 98 per cent, sulphuric acid is tlie best absorbent 
for sulphur trioxido. The stability of the mists was discussed by W. E. Gibbs, 

5. Lehner and G. B. Taylor, E. Regener, H (). Askew, and M. Pailly. Althougli 
the vap. press, increases as the (Iro]>lets become smaller, an eh^ctrie charge may 
act in the converse way. W. D. Bancroft said that the ixumammco of the mist 
may be due to a film of absorbed air on the surface of the particltvs, but E. Edser 
was unable to support the hyjiothesis. P. Pascal, and A. Didasaile discussed 
the electrostatic precipitation of sulphuric acid mist; and V. Kohlschtitter, 

6 . Nonhebel and co workers, and A. Stiiger, the properties of aerosols. 

According to W. Beyerinck,^^ a drop of sulphuric acid, placed U])on a glass 

plate, can absorb water vapour from its immediate neighbourhood, and thus sur¬ 
rounding itself with a sphere which is apj)arcntly fre<^ from moisture. The size 
of the sphere varies with the nature of the liquid taken ; with sulphuric acid it is 
2 or 3 cms. The size probably depends on the surface tension. The dBsiCCfttillg 
power of sulphuric acid of sp. gr. 1-838 is sucli that a litre of moist gas in contact 
with the acid retains 0-0525 grm. of moisture--rw/c 1 . 7, 2. I’he subject was 
investigated by R. Fresenius,i^ E. W. Morley, 0. H. Gr(‘cuewalt, J. H. Yoe, 
G. P. Baxter and R, D. Warren, J. W. Marden and V. Elliott, F. M. 0. Johnson, 
etc. R. E. Wilson, and W, K. Lewis and W. H. McAdams studied the control 
of the humidity of atmosphere by soln. of sulphuric acid. 

J. Dalton gave a table of the boilmg point of sulphuric acid, and G. Lunge 
also gave a tabic from which the following data have been selected ; 

H 2 SO 4 . 96*3 84*3 73-9 64*3 60*3 41*5 27-6 15*8 8*5 per cent. 

B. p. . 297^ 228® 180° 161*5® 124® 116® 107® 103*6® 101*6® 

Press. . 718-8 720*6 726*2 730*1 730*1 730*1 732*9 732*9 736*0 

A. Bussy said that fuming sulphuric acid begins to boil at 40®-50® ; and R. Knietsch 
gave for the b.p. of fuming sulphuric acid at 759 mm. press.: 

Free SOs 3*64 9*03 26*23 42*84 63*20 97*20 

B.p. , 212® 170® 126® 92® 60® 43® 

T. Graham said that when the dil. acid is heated, water alone is first given off, 
and no acid vapour is evolved until the liquid has the composition H 2 SO 4 . 2 H 2 O. 

C. 6 . Gmeliu, C. Julin, and H. Hess found that an acid of sp, gr. 1*8436 giv^ off 
dil. acid until the residue has a sp. gr. 1-85. As previously indicated, the most 
cone, acid obtained by boiling down the ordinary acid contains a quantity of water 
and is variously stated by J. C. G. de Marignac, L. Pfaundler and A. P 5 lt, 
A. Bineau, H. E. Roscoe, W. Dittmar, G. Lunge and P. Naef, etc., to i^ve 97*86- 
99*0 per cent, of H 2 SO 4 . G. Lunge, and R. Knietsch agree that the concentration 
of the constant boilmg acid is 98*3 per cent. H 2 SO 4 . W. Dittmar said that the 
composition approximates to J. C. G. de Marignac’s value H 2804 . 1 y’ 5 H 20 , even 
when the press, ranges from 30 to 314 mm., while L. Pfaundler and A, Polt ob^rved 
that if a current of dry air be passed through soln. of sulphuric acid of different 
concentrations, at a temp., , the ]^rcenfag(* amount of the monohydrate formed 
is 100 - 0*005^. The b.p. of this acid given by R. Knietsch is ‘130'^, and this is the 
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so-called maximum b.p. An acid of less cone, than 98*3 per cent. H 2 SO 4 gives off 
water or dil. sulphuric acid until the b.p. 330*^ is attained ; and an acid of greater 
cone, gives off sulphur trioxide until it has the constant boiling composition. The 
vap. press, of this acid in vacuo is immeasurably small. \^en sulphuric acid, 
below 80-82 per cent. H 28 O 4 , is heated it gives off water vapour alone, or an 
inappreciable amount of sulphuric acid. J. S. Thomas and A. G. Ramsay showed 
that the partial vap. press, of sulphuric acid with soln. containing less than 92 per 
cent. H 2 SO 4 is very small, but increases in magnitude with more cone, acids. 

The bompillg of the boiling acid has been discussed in connection with its 
concentration— vide supra. P. Vaillant studied the rate of evaporation of soln. of 
sulphuric acid. E. Beckmann gave 5*33 for the cbullioscoiuc constant of H 2 SO 4 of 
b.p. 331*7°. 

6 . Oddo and E. Scandola,^^ 8 . U. Pickering, and A. Hantzsch, gave 24*03 cals, 
per gram, or 2*358 Cals, per mol for the latent heat of fusion of sulphuric acid, 
H 2 SO 4 , at about 10° ; and R. Knietsch, 22*82 cals, per gram or 2*239 Cals, per mol. 
M. Berthelot gave 3*68 Cals, per mol or 31*72 cals, per gram for the heat of fusion 
of the monohydrate, H 28 O 4 .H 2 O ; H. Hammerl gave 4*05-4*18 Cals.; S. U. Picker¬ 
ing, 4*63 Cals.; W. F. Luginin and G. Dupont gave for pyrosulphuric acid, 
15*4 cals, per gram at 21° ; and for sulphuric acid, 4*52 Cals.; while J. N. Bronsted 
gave 4*45 Cals, at about 8 °. A. W. Porter calculated from R. Knietsch^s observa¬ 
tions the latent heats of fusion for fuming sulphuric acid with p per cent, of SO 3 : 

p . . 90 92 94 96 98 100 

Heat fusion 25 26 24 25 23 22 

E. Beckmaim, and C. C. Person found the heat of vaporization of sulphuric acid, 
H 2 S 64 , to be 122*1 cals, per gram, or 11*98 Cals, per mol at 326°. J. S. Thoinas 
and A. G. Ramsay found that the heat of vaporization increases by dilution with 
acid ; and that of water decreases ; while below 220 °, the latent beat of vaporization 
is fairly constant, but above that temp, it increases slowly with rise of temp. Thus, 
the heat of vaporization of sulphuric acid in Cals, per mol is : 


Per cent. H 1 SO 4 

200 * 

210 * 

220 " 

230* 

240* 

99-62 , 

18-00 

16*84 

16-25 

15-93 

16-07 

97*58 

1819 

16-88 

16-57 

16-20 

16*22 

91-43 

— 

37-38 

33-55 

— 

— 


The high values are due to heat effects att<^nding the dissociation of the 
acid for the mol. latent heat (16,500 cals.) is compoimded of the heat of 
evaporation of a mol of H 2 SO 4 (16,100 cals.) plus the heat of formation of 
p/p mols of SOg (0*045 x 26600 cals.) less the heat of vaporization of pjP mols of 
water from the liquid (0*045x18000) cals. M, 8 . Vrevsky found the latent heat of 
vaporization of 53*07 per cent, sulphuric acid at 96*5° is 595* 1 cals., whexi that of 
water at 79*3° is 552*4 cals. M. 8 . Vrevsky and P. B. Nikolsky found the difference 
in the latent heats of vaporization of water and 17 per cent, sulphuric acid is 
1*2 cals.; between water and 57 per cent, sulphuric acid, 62*6 cals. If n denotes 
the num^r of mols of water per gram of acid ; 7, the latent heat of the acid ; and 
/o, the latent heat of water; then if n>7*3, l—lQXl26Snr^, and if n<7*3, 
i^--ZoX62n“ix793n““2 ; and {8QI8n)tfi—{8QI8n)n ~RT log^ (PiM- 

According to A. W. Porter, the latent heat of evaporation, i, of the solvent of 
a soln. is obtained by adding the true heat of dilution, ^ 4 , to the latent heat of 
evaporation of the pure solvent LsoivcntXQrf; and hence, at 15°, for soln. with 
p per cent, of SOg: 

p . 20 50 55 60 70 75 80 

L . 595 659 687 724 - 844 045 1088 cals, per gram 

J. Bertrand’s equation p==:(<i —where a, b, and n are constants, and p 
denotes the vap. press, of water from the soln,, the latter equation bec>omcs 
p-‘(l*4466 —114*7T-i)^»o. Combining this result with Clapeyron’s equation 



40i 


INOROANK’ AND THEORETICAL CHEMISTRY 


L~^T(u — v)dpldT from 1 . 9, 4, it follows that L--50Rp where R is the gas 
constant. Hence, Z/=^632’57)~o 02 cals, per gram. The latent heat of evaporation 
of a gram of water from a soln. of sulphuric acid : 


Ter cent. SO, 


100“ 

150“ 

200“ 

20 .' 

505 

545 

510 

467 

50 . 

tiotl 

G12 

570 

538 

00 . 

724 

881 

G50 

611 

70 . 

84t 

810 

784 

750 

80 . 

1088 

1077 

10G4 

1044 

The latent heat for the total evaporat 

ion of water from dil. is 

lulphuric acid : 

Per cent. SOa 

l.y 

100“ 

150“ 

200“ 

20 . 

2852 

2G0G 

2501 

2455 

50 . 

1008 

lOlG 

1005 

1108 

GO . 

771) 

801 

811 

815 

70 . 

505 

G27 

C43 

656 

80 . 

42G 

4GS 

482 

500 


For the evaporation of sulphur trioxide from the fuming acid, J. Bertrand’s formula 
becomes (1-295 —and from Clapcyron's equation, the latent heat of 
evaporation of liquid trioxide becomes when the mol. wt. of the 

vapour of 8ul})hur trioxide is 80. The heat of total evaporation or condensation of 
sulphur trioxide : 


Per cent. SO, 


0“ 

.50“ 

100“ 

150“ 

80 


. 1-500 

1-684 

1-790 

1-891 

8,5 . 


. 1-003 

2-023 

2-156 

2-206 

00 . 


. 2-400 

2-548 

2-717 

2-898 

95 


. 3-816 

3 058 

4-145 

4-357 

08 . 


. 7-632 

7-606 

7-695 

7-849 


From Clapeyron*s equation, and R. Knietsch's vap. press, determinations, the 
latent heat of evaporation, of a gram of sulphur trioxide, as well as the values of 
a and h which fit J. Bertrand’s equation are : 


Per cent. SO3 

a 

h 

40* 

50“ 

00“ 

70“ 

80“ 

0(i“ 

100“ 

87-15 

. I 2082 

80-0 



102-5 

101-9 

lOM 

100-5 

09-9 

80-00 

1-2440 

00-0 


115 6 

114-6 

113-8 

113-0 

112-1 

— 

90-80 

1-2464 

92-0 


116-6 

115 6 

114-6 

113-0 

113-0 

112-2 

92-6.5 

1-2800 

04-5 


118-8 

117 8 

116-7 

115-9 

115-1 

114-2 

94-50 

. 1-2800 

94-0 

-- 

- . 

115 8 

114-9 

114*0 

113-2 

112-5 

96-30 

. 1-3240 

105-6 

132-8 

131-4 

130-0 

128-8 

127-8 

126-9 

— 

KKJ-OO 

. 1-2950 

04-0 

117-0 

116-2 

116-3 

114*4 

113-5 

112-6 

— 

Excepting the 87*15 and 96*30 per cent, soln.. 

the latent heats are 

virtually the 


same. This would im])]y that the heat of dilution is zero or else R. Knietsch’s 


data arc not unimpeachable. 

For the heat o! formation, (S02,0,H20), J. Thomsen 1® gave 53*502 Cals., and 
M. Berthelot, 54*4 Cals. ; for (S02,02H2), J. Thomsen gave 121*84 Cals.; for 
(S03,H20 ), j. Thomsen gave 21*32 Cals., and M. Berthelot, 21*92 Cals.; for 
(kS,30,H20), j. Thomsen gave 124*574 Cals., and M. Berthelot, 124*00-133*0 Cals, ; 
and for (8,202,Hg), J- Thomsen gave 192*91 Cals., and M. Berthelot, 193*00-202*0 
(’als. For t]»e monohydrate, (H2S04,H20), all solid, M. Berthelot gave 7*5 Cals., 
and S. r. J^ickering, 6*533 Cals.; if all liquid, M. Berthelot gave 6*12 Cals., 
J. Thomsen, 6*272 Cals., F. A. Favre and C. du Quaillard, 6*507 Cals,, L. Pfaundlcr, 
6*75572 Cals., and 8. U. Pickering, 6*667 Cals.; and if the initial products are 
liquid, and the final product .solid, M. Bertlielot gave 9*0 Cals. For the dihydrate, 
(H2S04,2H20), all liquid, P. A. Favre and C. du Quaillard gave 9*751 Cals., 
J. Thomsen, 9*364 (’als,, and li. Pfauiuller, 9*99796 Cals. For tlie trihydrate, 
(H2S04,3H20), all liquid, J. Thomsen gave 11*108 Cals., L. Pfaundlcr, 11*7845 Cals., 
and P. A, Favre and (\ du Quaillard, 11*593 Cals. It will be oWrved that while 
th(* fixation of one mol of water to .sulphur trioxid<» involves the evolution of 
21*3 (Jals., that of the second mol of wat<*r involves the evolution of 6*4 Cals., and 
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that of the third mol, only 3*0 Cala. For the heat of foriuatiou of dil. sulphuric 
acid, (H 2 S 04 ,Aq.), J. Thomsen gave 17*848-17*850 Cals., and M. Berthelot, 17*00 
Cals.; for (S03,Aq.), J. Thomsen gave 39*170 Cals., and M. Berthelot, 37*40 Cals., 
for (802gas,0,Aq.), J, Thomsen gave 71*332-71*350 Cals., and M. Berthelot, 72*()0 
Cals.; for (S02,Aq.,0), J. Thomsen gave 83*634 Cals., and M. Berthelot, 64*30 (’als., 
for (SjOgjAq.), J. Thomsen gave 142*404 Cals., and M. Berthelot, 141*00 Cals, ; aiul 
for (8,262,H2,Aq.), Thomsen gave 210*76 (’als. M. Berthelot said that 47 Cals, 
are liberated for each atom of oxygen. G. N. Lewis and M. Randall estimated the 
free ener^ of the sulphate ion in M-soln. to he —176,500 cals, at 25“, and 
D. F. Smith and J. E. Mayer obtained —176,540 cals., while the fn‘e energy of 
5‘441M-H2S04 is 169,850 cals, at 80^^ and —175,010 cals, at 25^^. H. 8. Harned 
and R. D. Sturgis studied this subject. 

The mixing of cone, sulphuric acid with water is attended by the development 
of much heat. F. Gobel noticed that when sulphuric acid is poured into water in 
successive portions, rapidly following one another, without stirring, phosphor¬ 
escence is sometimes produced which lasts for some seconds. J. J, Berzelius, and 
H. Hess observed that if sulphuric acid be mixed with one-fourth its weight of 
water, the temp, rises from 0^ to 100®. Hence, water contained in a bulb, immersed 
in a flask in which the acid and water are mixed, will boil. J. Thomsen said the 
maximum rise of temp. 159® occurs when a mol of H2SO4 is mixed with a mol of 
water, or when one part by weight of the acid with 0*338 part of water. According 
to D. I. Mendeleeff, the maximum amount of heat is develo}>ed when the proportion 
of water corresponds with the dihydrate, H2SO4+2H2O. He observed no exact 
proportionality between the quantity of heat developed and the contraction. 
M. Berthelot denied the statement of E. J. Maumene that there is any difference in 
the heat of soln. of freshly prepared and aged sulphuric acid. K. Knietsch found 
from the smoothed curve that the heat of solution, Q Cals., fuming sulphuric acid, 
containing p per cent, of SO3, is for liquid and solid: 


p 

80 

82 

80 

88 

90 

92 

94 

96 

98 

100 

Liquid 

178 

199 

250 

27H 

.308 

344 

3S1 

421 

465 

515 

Solid . 

. 

-- 

— 

— 

286 

322 

360 

402 

442 

486 

A. W. Porter showed that R. Knietsch’s 

results 

agree 

better with 



Liquid 

. 166 

196 

265 

285 

317 ; 

349 

382 

419 

459 

504 

Solid . 

— 

~ 


.— 

296 

325 

359 

396 

437 

482 


The heats of soln. or dilution, Q Cals., of a mol of H2SO4 with n mols of water 
were measured by J. Thomsen, P, A. Favre and J. T. Silbermann, T. Graham, 
H. Hess, J. J. B. Abria, J. C. G. de Marignac, P. A. Favre and C. du Quaillard, 
S. U. Pickering, G. Riimelin, H, von Steinwehr, L. Pfaundler, and J. N. Bronsted, 
and the results are indicated in Table XIV. J. A. Muller gave for the heat of 
dilution of a soln. with a mol H2SO4 per litre to infinite vol. 19*60 cals, at 14® ; and 
M. Berthelot gave 10*06 Cals, for the heat developed by the soln. of a mol of crystal¬ 
line H2SO4 in 50-100 parts of water, and for the liquid, 16*92 Cals. G. Rousseau 
and G. Tito said that the heat of soln. rises with temp, from 16*06 Cals, at 8® to 
18*48 Cals, at 100®. J. Thomsen represented the heat, Qh2804» evolved on mixing 
a mol of H2SO4 with n mols of water by the hyperbolic formula QH28O4 
=17860«/{n+l*798) cals.; and L. Pfaundler, <?h 2804-= IT•92dw/(n+0*001588) Cals. 
G. Rilmolin found that the differential heat of soln. from J. Thomsen’s expression, 
ciC/dn= 32150 (n+l* 798 )“^ cals., is not reliable when n is greater than 10 ; and for 
values of n below 32 and above 10, he obtained better results with dQjdn 
—28l20n~^—558n“‘^ cals. There is here no reference to temp. M. Berthelot said 
that the change 8Q in the quantity of heat developed on mixing H2SO4 with water 
at temp. 6x and ^2 can be represented by SQ==(c+Ox+C2){fli~®2)> where c, and 
C2 respectively denote the mol. sp. ht. of the components and of the mixture. 
M. Croullebois represented the quantity of heat Q liberated when x of water is 
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added to a system containing xg of water, and the vap. press, of the water and soln. 
are respectively p and p„ is Q=Ll* {l—(p/ipM^)l(pdp,ldd)}; but M. Berthelot 

questioned the accuracy of the result. If the above data be calculated to allow 
for the heat of formation of H 2 SO 4 from SOs and H 2 O, namely, 21*3 Cals., then 
the heats of dilution of sulphur trioxide, QsOs Cals., with n mols of water, are : 

n . . 1 1-5 2 2-5 3 5 1600 

Qbo^ • 2130 2501 2804 3003 21-31 34-14 40-34 

and the data of J. Thomsen were represented by A. W. Porter to show the heat, 
feog Cals, liberated when a gram of SO3 is diluted with w grms. of water, Qso^ 
-^489-2tt)/(w?+0*180) Cals., or from L. Pfaundler’s and J. N. Bronsted’s data, 
C8O3=504*2tf?/(t<;+0*2013) Cals. The differential coefficient of Q with respect to 
w represents the heat set free when a large amount of soln. containing a gram of 
SO3 and w gnus, of water is diluted with a gram of water. From the last expression, 
101 *5/(f^’+0-2013)2. Expressing the data in terms of the percentage 



Table XIV. — Hkats 

OF Solution of H^SO* 

IN Water. 



Per cent. 


Cals, per mol. of HjSO^ 








ftHjO 

HtS04 in soln. 

L Pfaimdler, * 
11* 1 

J. Thomsen, 
20* 

i P. A. Favre, 

‘ etc. 

J. N. Brunsted, 
16* 

8. U. Pickering. 

0-5 

91-59 

1 

3-66618 > 


3-644 

3-760 

3-706 

1 ; 

84-48 

6-77572 , 

6-272 

6-612 

6-710 

6-667 

1-6 * 

78-40 

8-67986 

— 

' 8-364 

8-790 

— 

2 j 

73-13 

9-99799 i 

9-364 

9-756 

10-020 

9-906 

2-5 

3 

68-53 

64-47 

10- 95642 

11- 78460 

1M08 

! 11-593 

11-640 

11*698 

4 

67*65 

12 86760 

— 

' 12-750 

12-830 

12-902 

5 

6 1 

52-13 

47-67 

13- 66222 

14- 39522 

13-082 

; 13-642 

' 14-396 1 

13- 710 

14- 370 

13- 742 

14- 407 

^ ! 

43-76 

— 

— 

16-008 

14-890 

— 

8 - 

40-49 

— 

— 

16-474 

16-260 

— 

9 

37-69 

— 

14-952 

1 

16-580 

15-676 

19 ^ 

22-28 1 

— 

16-256 

__ 

— 

16-916 

49 I 

10-00 

— 

16-684 

— 

— 

17-361 

99 ^ 

6-21 

— 

16-858 

— 

17-600 

17-610 

199 i 

2-66 

,— 

17-066 

— 

17-760 

17*748 

399 

1-34 

— 

17-313 

— 

18*120 

18*073 

799 r 

0-67 

— 1 

17-641 

— , 

18-506 

18-560 

3599 J 

0-34 

1 

17-867 

— 1 

19-040 

18-967 

1 


17-920 

17-994 

t 

J 



amount, p per cent., of SOg present in the final soln. containing a gram of 
SO 3 , e8O3=-504*2(100-~p)/{100--0*7987p), or dQldw^lOVbp^KlOO-O-mip)^. 
A. W. Porter represented the difference in the thermal capacity of soln. containing 
a gram of SO 3 , before and after mixing, by diV/d0~O*714w/w+O*O62). Hence, 
the above expression for L. Pfaundler’s and J. N. Bronsted’s data applicable for 
temp, about 15^ assumes the form for any other temp., 6, and the heat of soln. of 
a gram of 80g in w grams of water at constant temp, is Cgo3=^'2ti^/(w+0-2013) 
+0-714w(d—15)/(t(?+0*062); and the corresponding value for the differential 
heat of soln. is dQ/dt£?=:101-5/(u?+0'201S)2+0-0443(i9—15)/(w+0-062)*. Trans¬ 
forming the expression for QsOg to suit the case of W grms. of SOg in w grms. of 
water, at 0 ®, WQfio^^i93-5wW/{W^O*2OUW)+O*lliwW0l{w+O^O62W). The heat 
required to evaporate w grms. of water is WL, so that the quantity of heat rMuired 
lor the total evaporation of a soln. containing W grms. of SO^ is wL+WQsot* 
moaning that this quantity of heat is set free when w grms. of water vapour condense 
at constant temp, into W grms. of SOg so as to produce sulphuric acid of the corre- 
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spouding concentration; or the amount which would be required to re-evaporate 
this soln. and leave only SOs behind. In practice only differences of heat are 
required, namely, the difierence corresponding with the evaporation from any 
stated concentration to any other attainable concentration. To dilute an infinite 
amount of soln. containing W grms. of SO 3 with an extra gram of water, heat is 
set free equal to 99-331fV(t^+0-2013ir)HO*044»f25/(w+0*044TF)2. 

L. Pfaundlcr represented the heat, Q cals., evolved on mixing a mol of 
with a mol of 

HjS 04 .Hg 0 H*S 04 . 2 Hj 0 H,804.aH,0 H,S04.4H20 

Q . . 0-708 3-528 5-614 7-365 8-252 

of H2SO4.H2O with H2SO4.2H0O, 0-272 Cal.; with H2S04.3H20,I-791 Cals ; with 
H0SO4.4H2O, 2-308 Cals.; and with H2SO4.5II2O, 2-664 Cals.; of H.8O4.2H0O 
with H2SO4, 3-528 Cals.; with H2SO4.H2O, 0-272 Cal.; with H2HO4.3ILO, 0*266 
Cal.; with H2SO4.4H2O, 0-248 Cal.; and with H2SO4.GH2O, 1*169 Cals.; and of 
H2SO4.3H2O with H2SO4, 5-614 Cals.; with H2SO4.H2O, 1*794 Cals.; and with 
H2SO4.2H2O, 0-266 Cal. 

M. Berthelot gave for the heat of soln. of the solid monoliydrate H 2 SO 4 .H 2 O 
-h400H20, 7-12 Cals., and of the liquid, 10*80 Cals. J. Thomsen gave 11-58 Cals, 
for a mol of the liquid monoliydrate and 1600 mols of water. R. Kremann and 
F. Korschbaum showed that the heat developed on mixing sulphuric acid and water 
in equimolar parts is probably due to the process of soln. and not to the formation 
of the liydrate. D. P, Konowaloff gave 0*05949 Cals, per gram H 2 SO 4 .H 2 O for 
the heat developed when the monoliydrate is diluted to H 2 SO 4 . 5 H 2 O ; and 

L. Pfaundler gave Q Cals, for the heat of dilution of a mol of H 2 SO 4 .H 2 O with 
n mols of water 

n . . 1 2 3 4 5 00 

Q . . 3-305 4-816 6*077 6-966 7-680 10*921 

For the heat of soln. of the dihydrate, H 2 SO 4 . 2 H 2 O, with one mol of water, 1-510 
Cals.; with 2 mols, 2*772 Cals.; with 3 mols, 3-661 Cals.; with 4 mols, 4-376 Cals.; 
and with an indefinitely large amount 7-617 (^als. For the heat of soln. of the 
trihydrate, 112804 . 3 H 2 O, with one mol of water, 1*262 Cals.; with 2 mols, 2-157 
Cak.; with 3 mols, 2-866 Cals.; and with an indefinitely large amount, 6-106 Cals. 

M. Berthelot gave for the heat of soln. of a mol of small proportions of water H 2 SO 4 
with n mols of H 2 O, 7-5 Cals, for n—0-05 ; 7-25 Cals, lor «= 0 - 10 ; 7-07 Cals, for 
n™0-15 ; and 6-93 Cals, for n--0-20. J. Thomsen found that the minimum heat 
is developed on mixing the acid with an amount of water equal to that already 
present. For S 03 ,nH 20 +wH 20 : 

n . 20 30 40 50 60 100 200 400 800 

Q 0*389 0-236 0-193 0-174 0-202 0-206 0-248 0-328 0-216 

According to L, Pfaundler, the heat of soln. of H 2 S 04 .nH 20 with an excess of 
water is: 


n . 0 0*5 1 1-5 2 2-5 3 4 5 6 

Q . 17-764 13-984 10-921 9-133 7-617 6*729 6-106 4-844 3-956 3-24J 


He also observed that when H2SO4.4H2O is mixed with 


H,0 2H,0 ooHtO H^04 

Q . 0-889 1-603 4-844 7 365 

and when H2SO4.5H2O is mixed with 

HjO ooHgO H,S 04 

Q . . 0-714 3-965 8-252 


H4SO4.H4O 

2*308 


H2S04 .Hj 0 

2-664 


H2S04.8 Hj|O 

0-248 


H 2 S 04 .aHgO 

0-373 


S. M. Naude measured the heats of dilution of sulphuric acid; J. Thomsen, 
M. Berthelot, and P, A. Favre and C. A. Valson, the heats of soln. of various 
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sulphates in water; and D. D. Karve, the heat of soln. of sulphuric acid in aq. 
and non-aq. solvents. 

J. B. Richter observed that a mixture of equal parts of cone, sulphuric acid 
and snow evolves heat, but no change of temp, occurs with a 4 : 5 mixture, and with 
a larger proportion of snow, intense cold is produced by the freezillg 
L. Pfaundlermixed sulphuric acid—^HoS 04 ~f* 2 *B 74 H 20 or 66*19 percent. H 2 SO 4 — 
with snow, so that a kilogram of the mixture, made at O"', contained p per cent, 
of the given acid, and found that the tern}), fell to and when all the snow had 
melted, it rose to whereby Q (^als. of heat were absorbed : 


p • 

. 47-7 

391 

31*0 

2.3 9 

18*8 

14*3 

9*9 

7*0 

. 

. 37° 

-34° 

-31° 

-28° 

-25° 

- 22 ° 

-19° 

-16° 

9t • 

. 37° 

-21*5° 

-14*6° 

9*5° 

-7*0° 

-3*9° 

- 2 * 8 ° 

- 2*1 

Q 

0 

18*4 

33 2 

43*0 

61 3 

68 2 

09*3 

68*6 


According to M. Bert helot, a mixture of a mol of H2SO4 with 18 mols of H2O as 
snow at 0° absorbs 8*5 Cals, and lowers the temp, to -—28*7°. A mixture of 3 parts 
of snow with one of liquid H28O4 mixed with one-fifth of its weight of water lowers 
the temp, to —32*5°, and if the constituents be first cooled to — 7°, the temp, drops 
to —51°. He also found that the heat absorbed (—18*03 Cals.) when the mono- 
hydrale, H2SO4.H2O, is mixed with snow is a resultant of the fusion of a mol of the 
monohydrate (—3*68 Cals.), the fusion of 17 mols of H2O (—24*31 Cals.), and the 
union of a mol of the monohydrate with 17 mols of water (9*960 Cals.). Starting 
from 0°, the temp, drops to —52*6° ; and for each degree below 0° at the start, the 
quantity of heat absorbed increases by ^{7^. J. I. Pierre and E. Puchot observed 
that by mixing 3 jiarts of the crystalline monohydrate with 8 parts of snow or 
pulverized ice, the temp, falls to —26*2°, and with the liquid acid, to —19*5°. 
1, A. Bachman found that 100 c.c. of a mixture of sulphuric and nitric acids with 
340 grins, of snow or pulverized ice lowers the temp. 30°“-32°. 

For the heat ol neatralizatioii of a mol of lithium hydroxide with JH2SO4, 
R. Varet gave 15*654 Cals,; M. Berthelot gave for sodium hydroxide, 15*69-15*87 
Cals.; potassium hydroxide, 15*645-15*7 Cals.; ammonium hydroxide, 14*075- 
14*5 Cals. ; E. Petersen gave for thallium hydroxide, 15-65 Cals. ; M. Berthelot 
for calcium hydroxide, 15*57 Cals.; strontiuni hydroxide, 15*355 Cals.; barium 
hydroxide, 18*45 Cals. ; magnesium hydroxide, 15*1-15*61 Cals.; zinc hydroxide, 
11*7-11*705 Cals.; cadmium hydrox'de, 11*91 Cals.; manganese hydroxide, 
13*24-13*5 Cals.; ferrous hydroxide, 12*46 Cals.; cobalt hydroxide, 12*336 Cals.; 
nickel hydroxide, 13*055 Cals.; cupric hydroxide, 9*22 Cals.; cupric oxide, 9*40 
Cals. ; silver oxide, 7*245 Cals. ; lead monoxide, 11*69 Cals. ; aluminium hydroxide, 
10*495-10*57 Cals. ; chromic hydroxide, 8*22 Cals.; and ferric hydroxide, 5*64- 
5*70 Cals.; R. Varet gave for mercurous oxide, 5*9 Cals.; and for mercuric oxide, 
1*3 Cals. ; and J. Aloy gave for uranyl hydroxide, iU02(OH)2, 4*75 Cals. For 
mixtures of a mol of sulphuric acid in aq. soln. and 1, 2, and 4 mols of NaOH in 
aq. soln., M. Berthelot gave 14*754, 31*378, and 31*365 Cals, respectively; for 

1 and 2 mols of KOH in aq. soln., 14*7 and 31*4 Cals, respectively; and for 1 and 

2 mols of ammonium hydroxide in aq, soln., 13*6 and 29*05 Cals, respectively. 
P. Dutoit and E. Grobet measured the rise of temp, during the pre^ressive neutrali¬ 
zation of bases with sulphuric acid with the idea of detecting the formation of basic 
salts, etc. J. W. McDavid measured the heat developed on mixing sulphuric acid, 
nitric acid, and water. 

B. Powell 1 ® first measured the rdraetive index of soln. of sulphuric acid and 
obtained ^—1*835 for an acid approximating 94*5 per cent, H 2 SO 4 . V. S. M. van 
der Willigen observed that the index of refraction of sulphuric acid increases with 
the addition of water until a maximum is attained with HgSO^.HgO. The results 
showed that the mixture formula: ( 100 —p){u 2 —l)/d+p(/tii 2 — 
where p denotes the percentage amount of sulphuric acid, and and and df, 
dj, and ^2 denote the refractive indices and sp, gr, of sulphuric acid, water, and the 
mixture respectively, is not applicable. For dil. soln. the empirical formula 
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can be used. The coefficients of the standard dispersion formula 
show a marked change at about 72 per cent. H 2 SO 4 . The data 
were recalculated by the Kaiserlichen Normal-Eichungs Kommission, and by 
S. U. Pickering. The latter said that breaks in the curve occur corresponding with 
the hydrates 84*5 per cent. H 28 O 4 , or H 2 S 04 .H 2 ^ i H 28 O 4 . 4 H 2 O with 57*7 per 
cent. H 2 SO 4 , or with 24-30 per cent. H 2 SO 4 . C. Fery reported breaks corre¬ 
sponding with the hydrates H 2 SO 4 : H 20 “l : 4, J : 2, 1 : IJ, and 1:1. R. Nasini 
gave for the index of refraction, /x, of sulphuric acid H 2 SO 4 .JH 2 O, and sp. gr. 
1*827, respectively 1*437, 1*434, 1*429, and 1*427 for the JTy*, 1)-, and O-lincs 
B. Wagner gave for the Z)-line at 17*5^ for soln. containing p per cent. H 2 SO 4 : 

p . . \ 6 10 16 20 25 30 

ft . . 1-33449 1*33912 1-344C5 1-34999 1*35513 1-30007 1-36475 


while for more cone, soln., V. F. Hess gave for sulphuric acid : 


V • 

Sp. gr. 




C’-line 

D'line 

F-line 

O'Ain^i 


0 

0-9991.3 
1-33184 
1 -33364 
1-33775 
1-34100 


19-981 
1 13814 
1-35588 
1-35782 
1-36223 
1 -36563 


39-757 
1-29359 
1-379.59 
1-38169 
1 .38632 
I3m>2 


59-980 
1-480.32 
1-40429 
1 -40653 
1-41139 
1-41520 


80-096 
1 -69550 
1-42854 
1-43083 
1*4.3586 
1-43958 


100 

1-84167 

1-42.564 

1-43772 

1-43226 

1*43577 


Observations were also made by W. Haliwachs, F. Kohlrausch and co-workers, 
W. Haliwachs, C. Cheneveau, K. Fajansand co-workers, J. Dinkhauser, M. le Blanc, 
A. Handl and A. Weiss, H. Kohner and M. L. Gress- 


mann, and H. Becquerel. V. H. Veley and J. J. Manley 
obtained the results indicated in Table XV. V. H. Veley 
and J. J. Manley plot the results to show that the result¬ 
ing curve can be resolved into half a dozen straight 
lines, but, as they remark, the points of discontinuity 
are to some extent ideal, in that an apparently abrupt 
change of events can be resolved into a gradual transition 
stage.*’ There is a well-defined maximum corresponding 
with H 2 SO 4 , and less well-marked points with the hydrates 
H 2 SO 4 .H 2 O, and» H 2 SO 4 . 2 H 2 O. J. L, R, Morgan and 

E. Davis found that the indices of refraction observed 
by V, H. Veley and J, J, Manley when plotted. Fig. 94, 
to show deviations from the mixture law, gave a curve with 
breaks corresponding with the hydrates H 2 SO 4 .H 2 O, and 
and A. Marescotti measured the index of refraction of s 
colloidal sulphur. 

J. H. Gladstone calculated the molecular refraction, R, 
H 2 SO 4 , for the D-, and H^-lines : 




0^0/2 

^ ^ 0^008 
^ 0004 

^0 20 40 60 80 m 
cent. 

Fio. 94.—Index of Re¬ 
fraction Deviations of 
Sulphuric Acid from 
the Mixture Rule. 

H 2 SO 4 . 2 H 2 O. G. Rossi 
ulphuric acid containing 

for soln. with p per cent. 


V 

• * 

98-00 

89*76 

80*05 

71*91 

63 20 

37-20 

21-00 

11*30 

6-80 


Itfa- • 

22 32 

22 44 

22*49 

2256 

22-61 

22 73 

22-86 

22*96 

23-00 

R 

/)- . 

22*47 

22*55 

22*61 

22*66 

22-65 

22-80 

22*96 

22*94 

22*75 



22-66 

22-80 

22*87 

22*92 

22-94 

22-20 

22-07 

23*22 

22 96 


The refraction equivalents of J. H. Gladstone were calculated from the formula 
(p,—l)/(i=:constant; but V. H. Veley and J. J. Manley calculated values from the 
(p 2 -~.i)/(p 2 + 2 )<f~constant. They found that with soln. between 3 and 95 per 
cent. H 28 O 4 , the sp. gr. is a complicated function of the concentration, yet the 
factor (u 2 —l)/(p 2 -f 2 ) is a linear faction of the density or “ in other words, the 
ethereal elasticity is in simple direct relation to the density.” W. J. Pope gave 
17*08 for the refraction eq. of the S 04 -radicle. The subject was discussed by 
J. A. Wasastjerna, and A. Hautzach and F. Diirigen. C. V. Raman said that the 
observations on the scattering of light by sulphuric acid indicate that the S 04 -ion 
is nearly isotropic. 8 , Venkatoswaran, and C. W. Sweitzer discussed the scattering 
of light; and J, Moir, the colour of substances in sulphuric acid soln.; 1. 1 . Kanonni-> 
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koff gave 16‘84 for the refraction equivalent of the S04-radiclc. C. V. Raman 
found that dust-free sulphuric acid almost completely polarizes the scattered light. 


Table XV,—^Indices of Kk fraction for Solution of Sulphurio Acid. 




Indices of Refraction 


Per cent. 







1 




£r^“lme 

D-llne 

j H^-llno 

f/y^Une 

0-84 

1*332806 

1*334664 

1 

1-338807 

1*342020 

1*76 

1*333944 

, 1*336794 

I 1*339984 

1*343181 

3‘88 

1*336416 

1*338313 

1*343490 

1*346704 

51 

1*337896 

1*339855 

1*343964 

1*347326 

9-58 

1*343485 

1*346361 

1*349633 

1*362955 

14-0 

1*349001 

1 1*350953 

1*356233 

1*358676 

18-31 

1*346322 

1*356297 

1*360653 

1*363939 

22-16 

1*359194 

1 361248 

1-365598 

1*368854 

26-9 

1*364061 

1 1*366050 

1*370506 

1*373882 

29-24 

1*368110 

1*370196 

1 374726 

1*378211 

30-86 

1*370161 

1*372280 

1*376830 

1*380248 

34-35 

1*374213 

l-37fi332 

1*380948 

1*384426 

34*48 

1*379184 

I 1 38138H 

1*386002 

1*389530 

42-46 

1 384119 

! 1 386350 

1*390090 

1 394507 

40*04 

1*388987 

1*391184 1 

1*395934 

1*399608 

62*24 

1*396336 

1*398589 

1*403405 

1*406851 

66*22 

1*401665 

1*403907 

1-408767 

1-412274 

69*65 

1*406267 

1*408682 

1*413446 

1*416976 

62*88 

1*410636 

i 1*412860 

1-417767 

1*421437 

66*44 

1*416487 

1*417822 

1*422782 

1*426462 

69*6 

1*419838 

1*422166 

1*427177 

1*430848 

72*28 

1*423549 

1*426960 

1*430943 

1-434584 

74*86 

1*426868 

1*429185 

1*434234 

1*437933 

76*3 

1*428767 ! 

1*431132 

1*436185 

1*439887 

76*69 

1*429030 ) 

1*431388 

1*436494 

1*440167 

78*09 

1*430841 

1*433203 

1*438242 

1*441983 

80*05 

1*432946 

1*435290 

1*440335 

1*444079 

80*43 

1*433230 

1*436628 

1*440058 

1*444380 

81*77 

1*434442 

1*436818 

1*441871 

1*446582 

83*2 

1*436469 

1*437820 

1*442875 

1*446670 

84*66 

1*436051 

1*438403 

1*443417 

1*447071 

85*50 

1*436267 

1*438632 

1*443603 

1*447277 

86*92 

1*436272 

1*438632 

1*443661 

1*447384 

86*37 

1*436246 

1*438591 

1*443670 

1*447324 

87*40 

1*436066 

1*438410 

1*443410 

1*447031 

90*53 

1*434180 

1*436468 

1*441361 

1*449978 

95*33 

1*430862 

1*433061 

1*437836 

1*441402 

97*3 

1*426367 

1*427482 

1*432064 

1*435420 

98*7 

1*419470 

1*421668 1 

1*426026 

1*429396 

99*3 

1*418387 

1-420450 

1 

1*429845 

1 

1*428206 


J. L. R. Morgan and R. H. Crist found the extinction coefi&cient —k in 1— 
or i={log (lQjl)}jd, where d, the depth of the soln., is 2 cms.—^for light of wave-length 
\ia mft: 

A . . .01 03 0-5 0-7 0-9 M 1-3 1-5 

. |0^6ilf-8oln. . 201 200 199 199 198 198 197 197 

'^\5-00Jf-solii. . 221 207 203 200 200 200 200 200 

V. 8 . M. van der Willigen found that the absorption spectmm of sulphuric acid 
attains a maximum wiHi soln. containing 81-41 per cent. H2SO4. W. N. Hartley 
observed that a normal soln. of the acid, through a column of liquid 200 mm. long, 
exhibits a spectmm which is continuous to A~^=4413, and but slightly enfeebled 
from this point to A~a= 4665 ; the same soln. in a 100 mm. column transmits a 
spectrum which is practically that of water. W. W. Coblentz found that the nttia- 
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red transmiarion spectnim of sulphuric acid, Fig. 95, shows no water bands. The 
opacity of the substance makes it difficult to decide on the SO 4 band at ; there 
is a broad shallow band at 3‘6^. The 
bands at 6 '^ and may be due to SO 4 ; I 
they were conspicuous in the many sulphate 
soln. which were examined and which also 5 ^ 
have a common band at 6-5/ut. The ultra- ^ 
red reflecti 0 n spectrum, Fig. 95, has I 
maxima at 8 - 6 ^, 9-56^, 10*42/a, and 11*35^. | 

The bands 8 ’ 6 ^ and 9*55^ occur both in | 
hydrated and anhydrous sulphates, and ^ 
are due to the S 04 “radicle. The 10-4/x | 

band is due to SO 3 . W. W. Coblentz, ^ ^ 

A. M. Taylor, K. Rolan, and R. Schachen- 2 y s 8 /o 

meier also studied both ultra-red spectra of 96 .— Ultra-red Transmiaaion and 

a number of sulphates. C. Schaefer and Reflection Spectra of Sulphuric Acid. 

M. Schubert found that the ultra-red reflec¬ 
tion spectrum of the sulphates shows two well-developed maxima at about 9/i and 
16/a. In the case of the isotropic sulphates (alums), the maximum at 9/a appears to 
correspond with a single frequency, although the employment of greater dispersion 
may disclose complex structure. For uniaxial crystals the maxima at both 9/a 
and 16/a show the existence of two characteristic frequencies, corresponding with 
the ordinary and extraordinary rays respectively. In the case of biaxial crystals 
the maximum at Syx consists of three separate vibrations corresponding with the 
three refractive indices. It is probable that the structure of the maximum at 16/a 
is of the same type. The two selective frequencies which are shown by all the 
sulphates examined are obviously connected with the SO4 group. The optical 
properties of the sulphates were studied by A. Arzruni, H. Reinsch, H. Topsoe 
and C. Christiansen, A. E. H. Tutton, C. A. Valson, and G. N. Wyroubofl 
A. M. Taylor, R. Q. Dickinson and R. T. Dillon, and S. K. Mukherjee and 
P. N. Sengupta, and P. Pringsheim and M. Yost studied the R ama n effect with 
sulphates; and S. J. Wawilofl and L, A. Tummermann, the photolumiliBS^nce. 

The magnetio-optic rotatory power was measured by 0. Wachsmuth ,20 and 
J. Forchheimer. W. H. Perkin found that for soln. with p per cent. H 2 SO 4 , 
at a temp. 6 °, the electromagnetic rotation of the plane of polarization, Jf, 
amounted to 

p . . 9-179 47*41 47-41 73-00 93-66 99-92 

Q . . 14 7" 15-6" 901" 16-9" 16-3" 17-1 

M . 1-921 1-983 2-011 2 114 2-258 2*304 

S. U. Pickering said that the results are in accord with the presence of the hydrates 
H 2 SO 4 .H 2 O, and H 2 S 04 , 4 H 20 . W. H. Perkin considered that his results were not 
in accord with the theory of ions, but J. Walker said that there is no contradiction 
if it be assumed that the increased conductivity with rise of temp, is due to the 

increased mobility of the ions. tt 

A. Kailan examined the effect of radium rays on sulphuric acid; H. Shiba 
and T. Watanabe, the X-ray diffrection; and T. Swensson, the change in the 
conductivity, etc., on exposure to light. , 

F. Kohlrausch 2 * measured the daotrical conductivity of sulphunc acid in 
aq. soln. at 18®, and his results are indicated in Table XVI. There is a maximum 
in the conductivity curve with 30 per cent. H 2 SO 4 ; below this concentration the 
conductivity decreases as the concentration diminishes, and above this con^ntra- 
tion, the conductivity slowly decreases as the concentration increases up to 84-5 ]^r 
cent. H 28 O 4 , corresponding with the monohydrate, H 2 SO 4 .H 2 O. The conduc^vity 
slowly increases as the concentration increases above 84*5 per cent, 
cent., above which the conductivity rapidly decreases to that of pure sulphunc acid. 
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Tablb XVI.— ^The Electrical Conductivities of Aqueous Solutions of 

Sulphuric Acid. 


HjSO. 
per cent. 

n X 10* OTin. eq, 
per litre 

Sp. gr. 

K mhos 

X 10^. 

Eq.conduct 

A ""kin 

1 

1 

6 

1*063 

1*0331 

2085 

; 198*0 

0-0121 

10 

2*176 

1-0073 

3915 

1 179*9 

0*0128 

15 

3*376 

1*036 

r>432 

1 160*9 

0*0136 

20 

4*655 

M414 

6527 

140*2 

0*0145 

25 

6*019 

1*1807 

7171 

119*2 

0*0154 

30 

7*469 

1*2207 

7388 

98*9 

0*0162 

35 

9*011 

1-2025 

7243 

80*4 

0-0170 

40 

10*649 

1 1-3050 

6800 

63-8 

0*0178 

45 

12*376 

1 1*3608 

6164 

49*7 

0*0186 

60 

14*266 

i 1-3984 

5405 

37*9 

0*0193 

55 

16*248 

1 1*4487 

4576 

28*16 

0-0201 

60 1 

18*375 

, 1*5019 

3726 

' 20-27 

0*0213 

6l5 

i 20177 

, 1-6677 

2905 

14-40 

00230 

70 : 

23*047 

' 1*6146 

2152 

9*36 

0*0266 

75 1 

25-592 

j 1-0734 

1522 

5*95 

0*0291 

78 1 

27*18 1 

, - 

1238 

, 4*65 

0*0323 

80 

28*25 

' 1-7320 

1105 

3*91 

0*0349 

81 

28*78 

— 

1055 

3*67 

0*0369 

82 

29*31 

— 

1016 

3*46 

0*0365 

83 1 

29*84 

— 

989 

3*32 

0*0369 

84 

30*37 

— 

979 1 

3*225 

0*0369 

85 1 

30*90 

1*7827 

980 

3*172 

0*0365 

86 1 

31*41 

— 

992 

3*161 

0*0357 

87 

31*90 

— 

1010 , 

3*169 

0*0349 

88 i 

32*39 

— 

1033 

3*193 

0*0339 

89 ' 

32*87 


1065 1 

3*212 

0*0330 

90 1 

33*34 

1*8167 

1076 

3*224 

0*0320 

91 1 

33*80 

— 

1093 ‘ 

3*236 

0*0308 

92 1 

34*26 

— 

1102 

3*220 

0*0296 

93 

34*71 

— 

1096 

3*160 

0*0286 

94 

35*16 

— 

1071 

3049 

0*0280 

95 

35*98 

1*8368 

1025 

3*881 

0*0279 

96 

35*99 

— 

944 

2*624 

0*0280 

97 

36*38 i 

1*8390 

800 

2*199 

0-0286 

99*4 

1 

37*20 , 

1*8354 

86 

1 

0*228 

0*0400 


When sulphur trioxide is 



Percent si/ip^ur/c dad 

Flo. 06.—Electrical Condiic 
tivity Deviations of Sul¬ 
phuric Acid from the Mix¬ 
ture Rule. 


added to sulphuric acid there is first an increase in the 
conductivity which attains a maximum and then 
falls rapidly to zero—^the value for sulphur trioxide. 
The three maxima occur between water and 
H 2 SO 4 .H 2 O, between H 2 SO 4 .H 2 O and H 2 SO 4 , and 
between H 2 SO 4 and H 28 O 4 .SO 3 ; and the two minima 
at H 2 SO 4 .H 2 O and H 2 SO 4 . J. L, R. Morgan and 
C. E. Davis found that when F. Kohlrausch’s data 
are plotted, Fig. 96, with deviations from the mix¬ 
ture rule, singularities appear in agreement with the 
hydrates 3 Hj^ 04 .H 20 , and H 28 O 4 .I 2 H 2 O. 

E. H. Loomis found the conductivity of a normal 
soln. bf the acid at 18® to be 183x10^^ when re¬ 
ferred to mercury at 4®. R. Knietsch observed that 
with Bulphuric acid containing p per cent, of free 
SO 3 , the resistance, J? ohms, exhibits a minimum 
; with between 140 and 16-7 per cent, of free SO*, 
at 25®: 


P 

R 


. 0-34 9*8 

. 615 2-20 


140 lC-7 29*6 45*0 60*3 75*0 90*0 

215 2*15 4 05 23-4 22*0 1265 61850 (36°) 
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E. Bouty fouiid for dil. Holn. a maximum with H2S04.50()H20 ; and with cone, 

soln. a minima for 2H2SO4.H2O, and H2SO4.I5H2O, and maxima for H2SO4.H2O. 
H. Crompton represented F. Kohlrausch's results for the electrical conductivity, 
Ky of H2S04 ,'wH 20, by A^=-—34396—758*97p—3*87Bjt?2—0-(X)205p3 when 71 ranges 
from Yith to unity; by “ 860+617*5jp—13*88p2-f0*0807^3 for n—l to a—2 ; 

by jfiC“5321+252‘9jt>—7*38^2>|.o.()44p3 for n=2 to n=6 ; by 1456+624’bSp 

— 14-191p2+0.()866p3 for n=:^6 to ?i~24; and by iiL™69-3+386*22p—l'494p^ 
—0*14182>3 for «~24 to w = 150. For the breaks m the curve for the second 
differential coefficient, d^Kjdp^, corresponding with H28O4.SO3, 2H2SO4.SO8, 
H2804,H2S04.H20, H2SO4.6H2O, H28O4.2H2O,and H2SO4.I5OH2O. W. C. D.Wbet- 
ham gave for the conductivity, Ky of very dil. soln. with M mol of H28O4 per litre 
at 18° : 

M , .0 OO42877 004(5100 O'OaHlO 0-0,2835 0-0,(5144 

K . . OOglOOr) OO4IO75 0042324 OO45445 0-0,1077 0-0,2277 

The eq. conductivity at infinite dilution was found by F. Kohlrausch to be 370 at 0°. 
Observations on the electrical conductivity were also made by 8. Arrhenius, 
R. Lenz, 0. Grotrian, A. Paalzoff, C. Marie and W. A. Noyes, E. Becker, 
A. Eucken, J. R. Pound, M. Randall and G. N. 8cott, G. Tammann, 

F. Kohlrausch and W. A. Nippolt, H. V. Jones and co-workers, A. A. Noyes and 
co-workers, H. G. Klaassen, 8. U. Pickering, W. Ostwald, K. Winkelblech, 

G. A. Hulett and L. E. Allen, F. L. Hunt, etc. D. M. Lichty gave 0*01041 mho 
for the conductivity of absolute sulphuric acid at 25°. R. T. Lattey studied the 
resistance and capacity of a pair of platinum electrodes immersed in a soln. of 
sulphuric acid of maximum conductivity for alternating currents of periodicity 
varying from 25 to 500. F. G. R. Bergius measured the conductivity of soln. of 
many salts in absolute sulphuric acid. The electrical conductivity of soln. of 
various sulphates was measured by A. F. Berggren, J. H. Long, etc. J. H. Long 
also discussed the relation between the electrical conductivity, the heat of soln., 
the velocity of diffusion, and the mol. vol. of sulphate soln. 

F. Kohlrausch’s observations on the effect of temperature on the electrical con¬ 
ductivity are indicated by the values for the temp, coefi. (dkjd6)/K in the last 
column of Table XVI. For a normal soln.y F. Kohlrausch and co-workers 
obtained a regular increase in the conductivity as the temp, rose from 0° t-o 36° : 

0® 30® 15® 20® 25® 30’ 35® 30® 

K . 0-5184 0-5792 0 (5408 0-7028 0-7(545 0-8257 0-8860 0-9453 0-9570 

C. Deguisne, O. Bock, 8. II. Pickering, H. Rieckhoff and H. Zahn, and F. Exner 
and G. Goldschmidt also made observations on this subject. A. A. Noyes and 
co-workers obtained the following results for the effect of temp, on the eq. electrical 
conductivity of soln. of sulphuric acid containing C milliequivalents per litre : 


V 

IS® 

25® 

50® 

75® 

100® 

128® 

156® 

218® 

306® 

0-0 . 

383 

(429) 

(591) 

(746) 

891 

(1041) 

1176 

1505 

(2030) 

0-2 . 

374-9 

418-5 

566-9 

(593 (5 

779-6 

807 

769 

— 

— 

0-5 . 

371*8 

413-7 

553- i 

657-0 

706-3 

696 

644 

586 

— 

2-0 . 

353-9 

390-8 

501-3 

5(50-8 

571-0 

561 

53(5 

563 

637 

10-0 . 

(309) 

(337) 

(406) 

(435) 

(446) 

(460) 

(481) 

533 

— 

12-5 , 

301-3 

327-5 

393-1 

421-9 

434-9 

452 

475 

629 

— 

50-0 . 

253-5 

273-0 

323-4 

356-0 

384-3 

417 

448 

(502) 

___ 

80-0 . 

(240) 

(258) 

(306) 

(342) 

(373) 

(408) 

(440) 

(488) 

474 

100-0 . 

2333 

251-2 

3(K5-3 

33(5-4 

368-8 

404 

435 

(483) 

— 


The results are plotted in Fig. 97. B. ('. Felipe found that the conductivity-temp, 
curve of soln. of sulphuric acid is convex towards the temp, axis at higJi cone, 
and concave at low cone. With increasing dilution, the point of inflection is dis¬ 
placed more and more toward.s the lower temp. The existence of these points is 
explained by the antagonistic influence of the temp, on the mobility and on the 
degree of ionization. If the conductivity at each temp, be expressed as a function 
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of the cone., the conductivity maxima appear most sharply defined at high temp. 
Occasionally two maxima are observed. K. Rogoysky and G. Tammann measured 
the effect of pressure^ p atm., on the conductivity of sulphuric acid and found 
the resistance, R ohms, to be: 

p » . . . . 1 101 200 300 400 498 atm. 

„/3'941 per cent. HjS 04 .(112 00) 108*70 105*80 103*22 100*81 98*582 

7*688 per cent. H,S04 • (60*12) 68*723 67*470 56*261 66*059 54*077 

The subject was studied by 6 . Tammann and A. Rohmann. A. de Hemptinne found 
that exposure to X-rays had no influence on the electrical conductivity of sulphuric 

acid. P. Walden observed that electrolytes 
dissolved in sulphuric acid conduct better 
than in a(j. soln. J. R. Pound studied the 
conductivity of mixtures of ether and sul¬ 
phuric acid. W. C. D. Whetham measured 
the effect of impurities on the electrical 
conductivity of sulphuric acid, and found 
that with dil. soln. the conductivity is not 
affected by addition of a trace of potassium 
chloride or by boiling under diminished 
press,, but that it is appreciably diminished 
in presence of a little carbon dioxide, and 
in this case the maximum conductivity is 
reached at a higher concentration. The 
abnormally low conductivity of dil. soln. 

Fia. 97.-The Effect of Temperature on however, W wholly attributed to 

the Electrical Conductivity of Suh the presence of carbon dioxide in the water 
phurio Acid, used as solvent. S. Arrhenius found that 

the presence of non-electrolytes — like 
alcohols and sugars—^reduces the ionization; H. C. Jones, and G. Murray showed 
that sulphuric acid is more strongly ionized by hydrogen dioxide than it is by 
water. I. Kablukoff found that a mol of H 2 SO 4 in v litres of alcohol at 25° had 
the mol. conductivities, p : 

r-4 l ?«8 

Alcohol . 10 20 60 80 10 30 60 80 per cent. 

li . . 69-64 61-61 47-66 63-80 69-23 62-43 46-61 67-28 



The eq. conductivity of soln. of a neutral salt in water approaches a limiting 
value as dilution is increased, and this value corresponds with complete ionizatioil; 

with soln. of acids and alkalies, tho eq. conductivity, 

-§ _> with increasing dilution, reaches a maximum at a 

_ oonc, of 0*(X)1-^*(X)2 grm. eq, per litre, and then falls 

^__rapidly with ipreasing dilution. The final drop in the 

' ^.5 __ 6 q. conductivity at extreme dilutions has been attri- 

-buted to the interaction between the solute and the 

^ j ] 1 L1 .. J residual impurities in water, W. C. D. Whetham and 

Paine showed that carbonic acid alone will 
not account for the phenomenon. H. H. Paine and 
^ifte believe the impurity ia ammonium 

^ . ' carboimte. If the water contains an impurity leading 

to an association of ions, then, if a little strong acid be added, some acid is 
u^ up and removed from activity so that the conductivity of the now soln. 
will be IcM than the sum of the constituents taken separately. This will continue 
until all the mpraty is neutralized, and subsequent additions of acid will behave 
normally. Hotting the simple conductivity of the dil. acid after subtracting 



SULPHUR 


415 


that of the solvent, against the cone., a straight line will be obtained for the region 
of normal behaviour if the acid be completely ionized. If this straight line be 
produced, it will cut the conductivity axis below the origin at a point B, Fig. 98 , 
corresponding with the loss of conductivity involved in the association of the ions 
as above described. This agrees with the observations of H. H. Paine and 
G. T. R. Evans for very dil. soln. illustrated in Fig. 98 , where the loss is nearly 
0*8xl0“~® mho. F. Kohlrausch found 2 ’ 7 xl 0 ~® mho. This loss could never be 
made to disappear by working with pure soln. because of the ionization of water 
itself, and of the recombination of the H’- and OH'-ions on the addition of the 
acid. 

F. Bergiufl, A. HoUard, M. Wien, and J. Kendall and co-workers studied the 
conductivity of mixtures of sulphuric acid and various sulphates ; K. Fredenhagen, 
mixtures of sulphates and in hydrofluoric acid ; L. Mazza and E. Piccini, mixtures 
of sulphuric and nitric acids ; H. K. Richardson and F. D. Taylor found that the 
addition of copper sulphate increases the conductivity of sulphuric acid with less 
than 3 grms. H2SO4 per 100 c.c.; if more be present, the conductivity is decreased. 
A. L. Ferguson and W. G. France found that the presence of gelatin reduces the 
conductivity of the acid. R. Kremann and W. Brassert measured the conductivity 
of alcoholic soln. of sulphuric acid ; H. Brintzwinger studied the effects of hydro¬ 
philic colloids— e.g. gelatin, gum arabic, salep, and dextrin—on the conductivity 
and H*-ion cone, of 0-01 iV- and 0*005iV-H2S04. 

J. E. Trevor 23 studied the ionization of sulphuric acid, and H. C. Jones and 
co-workers calculated the degree of ionization, a, from the mol. conductivity, jx, of 
soln. containing M mols of H2SO4 in v litres, at 0^ and from the sp. gr., and mol. 
lowering of the f.p., he calculated values // which were taken to represent the 
number of mols of water in combination with the acid at the concentration in 
question, when : 

V . 100 40 20 10 4 1-334 1 0 0-6007 0-5 

H . 398-34 353-41 335-56 314-42 296-30 281-53 259-05 234-38 209-28 

a . 0-8200 0-7280 0 0913 0-6478 0-6104 0-5588 0-5337 0-4828 0*4311 

2-00 5-00 7-50 0-40 

A. A. Noyes calculated values from the conductivity results indicated above and 
obtained for the percentage ionization, 100a, of aq. soln. of sulphuric fwjid con¬ 
taining C milliequivalents per litre : 


c . 

. 18*’ 

26 ^ 

60" 

75" 

100 " 

128" 

156" 

218" 

0-2 

. 98 

98 

06 

93 

87 

78 

65 

— 

10*0 

. 81 

79 

69 

68 

60 

44 

41 

36 

50*0 

. 66 

64 

65 

48 

43 

40 

38 

33 

100 

. 61 

69 

61 

45 

41 

39 

37 

32 


where these numbers may be regarded as the minimum values of a range extending 
6 to 10 imits larger. G. N. Lewis and co-workers, and Y. Kato made observations 
on this subject. Sulphuric acid in aq. soln. is less ionized than the corresponding 
potassium salt, and it is resolved into three ions: H2S04^2H*4-S04", probably 
passing through the intermediate stage H2S04^H’+HS04'. W, Starck said that 
at high concentrations the chief ions are H* and HSO4', and at low concentrations 
H* and SO4''. The proportion of H2SO4 mols. which ionize into H* and HS04'-ions 
probably falls with rising temp. J. A. Muller inferred that in dil. soln. the ions are 
H* and BBO4', these are produced with the evolution of heat; with soln. 

containing a mol of acid and of potassium sulphate the ions are 2H* and SO4" 
and 2 K* and SO4" respectively. A. A. Noyes computed that in 0-05M-H2S04, 
at 18 ®, there are 6 per cent, of H2SO4 mols., 61 per cent, of HS04'-ions, 33 per cent, 
of S04"-‘ion8, and 127 per cent, of H*-ions. A. A. Noyes and M. A. Stewart calcu¬ 
lated from the following percentage values from conductivity and f.p. data for 
soln. with M mols of H28O4 per litre. The last act refers to isohy<lric soln. 
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0 ’ 25" 


JV-acid 

H* 

H,SO* 

HSO*' 

8 O 4 ' 

H* 

H,S0* 

H 8 O 4 ' 

so*" 

(0050 

138 

6 

50 

44 

125 

6 

63 

31 

Conductivity . 1 0*025 

148 

5 

42 

53 

133 

5 

57 

38 

(0 005 

167 

2 

29 

69 

162 

2 

34 

64 

(0050 

122 

6 

66 

28 

117 

6 

71 

23 

Freezing point . < 0 025 

132 

5 

58 

37 

125 

5 

65 

30 

I 0 OO 5 

159 

2 

37 

61 

165 

2 

31 

67 

R. C. Tolman and L. H. 

Greathouse found the H ■ 

■ion cone. 

of sulphuric 

acid to 


108-111, 59*7-62*0, and 31*5-35*6 per cent, respectively for 2 iV-, 0 * 1 N-, and 
0*05Ar-soln. K. Drucker, and E. Allemaiin studied this subject. A. A. Noyes and 
M. A. Stewart calculated that a 0 *lM-soln. of sodium hydrosulphate at 25® contains 
68 per cent, of Na’-ions, 44 per cent, of H*-ions, 44 per cent, of HS 04 '-ion 8 , 34 per 
cent, of S 04 "-ions, 8 per cent, of NaHS 04 mols., 12 per cent, of Na 2 S 04 mols,, and 
2 per cent, of H 2 SO 4 mols. J. Holmes and P. J. Sageman inferred, from the contrac¬ 
tions which occur on mixing soln. of various sulphates and sulphuric acid that the 
mols. of hydrosulphates in aq. soln. have no individual existence, and this is in 
agreement with A. Colson s, and M. Berthelot’s observations on the thermal data 
of the mixtures. M. H. Fischer and M. 0. Hooker found that the electrical resist¬ 
ance decreases with rise of temp. ; for a given temp., the resistance decreases 
with increasing cone, of H 2 SO 4 until a minimum is attained with 50 c.c. cone, 
sulphuric acid of sp. gr. 1*84 and 200 c.c. of water; beyond this cone., the resistance 
increases rapidly and a second inflection indicates the presence of an excess of 
sulphur trioxide. The results indicate a change from a soln. of H 2 SO 4 in water 
to a soln. of water in H 2 SO 4 . 

The ioniasation constant was found by I, Traubo to be 2*08 for a normal soln. 
R. Kremann and W. Brassert- measured the degree of ionization of alcoholic soln. 
of sulphuric acid with Jlf-H 2 S 04 , the addition of water first diminishes and then 
increases the degree of ionization. Abnormal values with soln. containing a small 
proportion of water are attributed to the formation of the hydrate H 2 SO 4 .H 2 O. 
Ionization increases with rise of temp, except with very dil. soln. and of soln. con¬ 
taining much water it diminishes with rise of temp. The effect is small, and may 
be due to experimental errors. K. Jellinek calculated for the first*ionization con¬ 
stant, ATi, for H 2 S 04 ^H*+HS 04 ', or Ari[H 2 S 04 ]-:[HS 04 lH-], at 

25® for soln. with a mol of H 2 SO 4 in 2*5 to 747 litres; and K. Drucker, Ki^2 X 10 “^ 
at 18® for soln. with a mol in 25 litres. M. S. Sherrill and A. A. Noyes gave 0*0115 
for the first ionization constant in terms of the activities at 25®. K, Jellinek 
calculated the second ionization constant, for HS 04 '=H'-|-SG 4 ", or 

A^ 2 [H 804 ']-=[S 04 lH'], A 2 -1 *7 4 - ICrs, at 25® for soln. with a mol in 2*5 to 747 litres; 
R. Luther gave ^2=0*013 ; K. Drucker, A' 2 = 2 xlO” 2 , at 18®, for sola, with a mol 
in 25 litres; J. E. Enklaar, l*3xl0“2at 18®for iV-soln.; A. A. Noyes, A' 2 =l- 9 xlO~ 2 , 
at 18®; and A. A. Noyes and M. A. Stewart, A 2 ~ 3 x 10“'^, at 25®, for soln. with a 
mol in 10 to 40 litres. I, M. Kolthoff determined the H*-ion concentration by 
electrometric titration using methyl-orange as indicator, and obtained 
A 2 = 2 * 8 xlCr 2 , and when using tropaeolin 00, 3*2x10“^^. K. Petersen calculated 
the heat of ionization to be 2-3 Cals, at about 20 ° for soln. with a mol of H 2 SO 4 
in 3*6 litres; and for the second stage of the ionization, P. T. Muller and E. Bauer 
gave 5*02 Cals, at 18°-20®; J. A. Muller gave 1*44 cals, at 14®, 4*21 cals, at 26®, 
and 3*9 cals, at 36®; and A. A. Noyes, 3575-1-650 cals, between 18® and 158®. 
W. Ostwald calculated for the heat of formation of the S 04 "-ion from its elements, 
107*2 Cals. M. Randall and 0. E. Cushman gave for the free energy, jF, cals, of 
the reaction 2 H*-f-S 04 ''=H 2 S 04 at 25®, for soln. of normality N : 

N . 00*9009 0*009999 0 01 0 04 0*065 0*08 0*10 0*20 

F . -9382 -6547 -3702 -1456 -85 702 1645 5272 

Observations on the electrolytic migration of sulphuric acid were made by M, Fara- 
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day, J. F. Daniell, G. Wiedemann, W. Hittorf, E. Rourgoiu, O. J. Lodge, and 
A. Schrader; and A. A. Noyes and K. G. Falk calculated 80 for the mobility of 
the ISO^-ions at 25*^, an<l infiuiU^ dilution ; and F. Kohlrauscli, 68 at 18^^. The 
latter also gavt* for aq. soln. with M mols per litre, at : 

M , . . 0 0001 0 0005 0 001 0 005 0 01 0-05 0 1 

Ionic mobiUty . 66-6 65 63-H 58-7 55-5 45 40 

W. C. 1). Whetham found that the specific velocity of the S 04 "-ions is 0*00045 cm. 
p(‘r sec. R. Luther said that the mobility of the HS 04 '-iou 8 is nearly the same 
as half that of the S 04 "-ions, being 31*25 at 15^, 38*5 at 18’’, and 39 at 25^ ; 
K. Drucker gave 39 at 25'^. Observations on the transport numbers were made 
by M. Huybreclits, who found 0*176 at 18° for 0*06 to 0*0053f“8ola. ; O. F. Tower, 
who gave 0*1805 for 0*lM-soln. at 20° and 0*1809 for 0*01A/-soln. at 20° ; A. Eisen- 
stein gave 0*168 for 0*124Af-soln. at 18°, and 0*188 for O-OlM^soln. at 30°; 
W. C. D. Whetham and H. H, Paine, 0*184 for 0 05M-8oln. at 18° ; and A. L. Fer¬ 
guson and W. G. France, 0*1868 for 0*1 to O-OlAf-soln. at 25°; D. McIntosh, who 
found 0*174 at 18° for 1*0 to 0*001M-8oln. Observations were also made by 
W. Knothe, and A. Kendrick. For soln. with 2V^'gram-equivalentH per litre at 
19°, W. Starck gave : 

N , . . 0 06 0 12 0-5 1-1 3-3 7-6 

Transport No. 0 135 0*145 0*163 0 175 0*195 0*215 


W. Bein found for the transport numbers of soln. with 0*05 gram-equiv^alents of 
H 0 SO 4 at 11 °, 33°, and 96°, respectively 0*175, 0 * 200 , and 0*304. W, Nernst 
calculated for the ionisation pressure of the S 04 "-anion, in normal 1*9 volts, and 
for the HSO' 4 **anion, 2*6 volts. A. L. Ferguson and W. G. France found that 
th(‘ addition of 20 per cent, of gelatin increased the transport number of the sulphate 
ion from 0*187 to 0*685 to 0*1 to 0 * 01 M-H. 2 S 04 . V. H. Veley and J, J. Manley 
concluded from their observations on the indices of refraction, and J. Domke 
and W. Bein from their observations on the densities, that the substance represented 
hj/ the fonnula H^SO^ is an ideal compound for it is really a mixture of 'tnolecules 
of // 048 O 4 , NO 3 , and arid it may also contain H. S. Harned and 

R. D. Sturgis calculated the activity coefi. of sulphuric acid from the e.m.f. of cells 
Ho I M 2 S 04 ,HoS 04 I HgS 04 1 Hg, where M 2 =Mg, Kg, or Nag— vide infra, 

J. E. Enklaar measured the electrometnc titxation curve of sulphuric acid, 
when 10 c.c. iV-H 2 S 04 is diluted to 100 c.c., and titrated with 0 *lA"-NaOH at 18°. 
The H’-ion concentrations, expressed as pjiy are plotted as 
ordinates. There is no sign that the acid is dibasic, and —[—|— \ — r~iy- 

this recalls H. E. Armstrong and F. P. Worley’s hypothesis ^ |r~ 

that the acid is monobasic. J. E. Enklaar interprets the ^ j~ 

result to mean that the ionization is ternary in accord with J 

H 2 S 04 ;f^ 2 H*+S 04 ''. Neutralization is taken to occur when ^ j H \ 
7^H=Lb626, or the H*-ion concentration is 2*175x10”°. ^ ' 

R. Dubrisay studied the progressive neutralization of sul- ^ ^ 

})huric acid with sodium hydroxide and found points of ^ ^ , 

inflexion corresponding with sodium hydrosulphate, and Fig. 99.~ Ele^rometric 
normal sodium sulphate. F. Glaser found that by titrating ^ulphur^c ^ 

10 c.c. of 0 *liV-H 2 SO 4 with 0 *liV^-NaOH, methyl and ethyl 

orange as indicators showed neutralization occurred when 9*9 c.c. of alkali had 
been added ; Congo red, cochineal, laemoid, litmus, fluorescein, and phenolacetolin 
with 10 c.c.; gallein, with 10*05 c.c.; rosolic acid and tropasolin GOO, 10*07 c.c.; 
and with alizarin, curcuma, phenolphthalein, a-naphthol-benzoin, with 10*10 c.c. 
Again, with 0*01 A^‘H 2 S 04 , and methyl orange as indicator, 9*55 c.c. of O’OlN-NaOH 
alkali were needed; Congo red, 9*75 c.c.; laemoid, 9*90 c.c. ; litmus, 10*30 c.c.; 
and phenolphthalein, 10*70 c.c. I. M. Kolthofl worked with methyl-orange and 
tropaeolin as indicators. As emphasized by F. W. Kiister and M. Griiters, this 
VOL. X. 2 E 
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bliuwto tluil holii. standardized with one indicator are liable to err if used with 
another indicator. 

Tlie relative affinity of sulphuric acid was calculated by W. Ostwald on the 
assumption that that of hydrochloric acid is 100, and he obtained 73’9 at 25° from 
t be velocity constant of the hydrolysis of methyl acetate ; 73*2, from the velocity 
constant of the inversion of sugar— J. E. Trevor, and I. Spohr also studied this 
reaction; 594, from th(‘ vc^locity constant of the hydrolysis of acetamide; 654, 
<‘>54, and 594 from the electrical conductivities of the acid respectively at 25°, 
65°, and 100° ; and 66 from the partition of the two acids with alkali; while 
K. Hoepke gave 57*9 from the effect of the acids on the reaction between iodic and 
sulphurous acids ; and T, Kablukohf, 59*23-59*64 from the electrical conductivities 
of the acids in alcoholic soln, W. Ostwald examined the effects of the acids on 
other reactions. H. Colin and A. Chaudun discussed the hydrolysis of sucrose 
by tJie dil, acid. H. Frey found that the presence of neutral salts diminishes the 
activity of the acid. S. A. Kay made estimates of the free acid in a mixed soln. of 
sulphuric acid and normal alkali sul})hate from the effect on the hydrolysis of ethyl 
acetate. «1. Thomsen, and W. Ostwald also calculated values from the distribution 


of a base between two acids. 

The relative affinities of a few acids can be repre- 

sent(‘d by 

Suirar in^ 

Hydrolysis 

Hydrolysis 

Division 

Electrical 

CatalyslB 

Acid. 

verblon. methyl acetate. 

a<'etamide. 

of iiase. 

conductivity. 

Hl(), + SO,. 

Hydrocliloric . 

100 

100 

100 

08 

100 

100 

Hydrobromie 

105-5 

99-1 

98 

89 

101-1 

— 

Hydriodie 

. 

98-1 

.— 


— 

— 

Nitric 

. 100 

95-7 

98 

100 

99-6 

83 

C ’hloric 

101*8 

97-2 


— 



Sulphuric 

73-2 

73-73 

66-4 

66 

65-1 

58 

J*iiosphoiic 

24-9 

— 


26 

7-27 

9 

Arsemo 

21-9 


— 

— 

5 38 

— 


H. S. Harnod and R. D. Sturgis, M. Randall and C. T. Langford, M. Randall and 
G. N. Scott, G. N. Lewis and M. Randall, and G. Akerlof measured the activity 
coefficif'nts of sulphuric acid as tlie sulphates. 

W. H(‘nry,2& W. Cruickshank, P. L. Simon, and W. Hisinger and J. J. Ber¬ 
zelius observed that in the electeolysis of cone, sulphuric acid, with a platinum 
anode only a little hydrogen is evolved, the greatest part is consumed by secondary 
reactions in the reduction of the acid to s^phur and a little hydrogen sulphide. 
M. Faraday observed that in the electrolysis of cone, sulphuric acid, oxygen is 
evolved at th(* anodt*, and 8ul}»hur and hydrogen are formed at the jK)sitive pole ; 
and he wa.s impressed with the fact that if the acid be very strong, a remarkable 
disappearance of oxygen took place.” C. Luckow, however, showed that the 
results are diff(‘rent with the dil. acid, or with the acid formed during the electrolysis 
of aq. soln. of the sulphates. R. Weber observed that with cone, sulphuric acid, 
some sulphur 8<*8quioxjde may be formed, and also blue colloidal sulphur. E. War¬ 
burg found that in the electrolysis of sulphuric acid mixed with two-thirds its vol. 
of water, the theoretical amount of hydrogen is given off at temp, up to 80°, at 
higher temp, less hydrogen is given off and sulphur is formed. With a higher 
current density, a higher temp, is necessary for this change, and with a lower current 
density a lower temp. By diluting the acid still more, a higher temp, is necessary 
to produce sulphur, and with a mixture of equal vols. of water and the cone, acid, 
hydrogen alone appears at the cathode at all temp. A. Geuther supposed that the 
sulphuric acid is directly decomposed into sulphur, hydrogen, and oxygen, and 
with the less cone, acid, hydrogen and sulphurous acid are formed at the cathode. 
A. Guerout said that the sulphurous acid is broken down by the current into hypo- 
.sul]>hurous acid. W. R. Cousins, and V. Schischkin studied the electrolytic 
oxidation of sulphuric acid; and A. Klemenc found that the amounts of hydrogen 
anrl oxygen obtained with w coulumbs were : 
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. 01 

10 

20 

5-0 

100 

160 

n coulombs . 

. 658 

640 

718 

721 

810 

803 

Total 0 

. 4*0 

6-2 

8-9 

18*9 

18*2 

11*6 

Hydrogen 

. Ill 

115 

121 

145 

140 

J24 


The oxygen in the first case was obtained as gas ; in the second, partly as gas and 
partly in the electrolyte ; and in the other cases, wholly in the electrolyte” 
infra^ the persulphnric acids. A. Mazzucchelli and B. Eornani discussed the 
influence of perchlorate ions on th<‘ overvoltage at the anode in the electrolysis of 
sulphuric acid resulting in an increased yield of jiersulphuric acuL M. BcTthcdot 
distinguished between sulphur, insoluble in carbon disul])hide formed by secondary 
reactions at the cathode, and that deposited on the anode by the electrolysis of 
hydrogen sulphide which might be present in the liquid ; he called the for hut 
electropositive sulphur^ and the latter electronegative sulphur. For tin' electrolysis 
of dil. sulphuric acid, vide 1 . 3 , 6 . M. Berthelot discussed tlie smallest e.m.f ne(‘d<Ml 
to electrolyze soln. of the metal sulphates; and J. Vuillermoz, the rc'versible e.m i, 

J. W. Clark found that a pressure of 30() atrn. is not suffichmt to ])re\c*nt th<‘ 
electrolysis of dil. sulphuric acid when a sealed-tube of sulphuric acid is electroK /ed 
fixed vertically so that a lower electrode is positive and an upper electro(l(‘ 
negative, a layer of cone, sulphuric acid forms about the lower electrode and \Nat(T 
collects about the* upper electrode. If the electrodes be reversc'd, tlie eonc. sul 
phuric acid forms about the upper electrode, but it is then mixed with the Inpii i 
by rapid diffusion and by the agitation with tlie rising bubbles of gas. Nothing 
lias been done with J. W. Clark’s suggestion that this singular action affords 
a means of concentrating sulphuric acid without boiling.'’ Z. St ary studied the 
electro-osmosis of sulphuric acid in an electric field of high-tension. A (^xdia 
and R. Schniirmann studied the electric discharge in sulphuric acifl. 

According to J. H. Gladstone and A. Tribe, with 98*2 per cent. H 0 SO 4 , and a 
sufficient voltage, sulphur slowly forms a film over the platinum eatlirnh*. 1 'lus 
retards the occlusion of hydrogen by the metal, and the hydrog(‘ii eseap<\s. They 
observed no sign of the reduction of the sulphuric acid by th<‘ hydrogtm lilxu'ated 
when the film of sulphur has formed on tlic platinum ; on the other hand, if the 
voltage is weak enough, no hydrogen or sulphur appears at the cathode, but tln^ 
liquid contains sulphur dioxide in soln. This inference was confirmed by thmr study 
of hydrogenized palladium or platinum on sulphuric acid. They also observed 
that the evolution of oxygen from both electrodes could be d(‘tected for several 
days after the circuit had been broken , and they attributed the phenoimuion to 
the slow decomposition of M. Berthelot’s Vacide persuJfta ique formed during th(' 
electrolysis of the sulphuric acid. Persulphuric acid, S 2 O 7 , said M. Bertludot, is 
formed at the anode during the electrolysis of dil. sulphuric acid, say, at a cone. 
H 2 SO 4 : IOH 2 O ; if the cone, is H 2 SO 4 : 4 H 2 O, hydrogen dioxide is formed, arul 
this combines with Vacide per sulfur ique, forming S 2 O 7 . 2 H 2 O 2 , and a large yield of 
this substance is obtained when the cone, of the electrolyte is H 2 SO 4 : 2 to SHoO. 
With more cone, sulphuric acid, the yield is reduced. H. Marshall prepared per- 
disulphuric acid, H 2 S 2 O 8 , by the electrolysis of alkali sulphates. M. Traubc reported 
that in the electrolysis of sulphuric acid, say 40 per cent. H 2 BO 4 , the sulphur oxicle 
which decomposes potassium iodide is not S 2 O 7 , but rather SO 4 , because the ratio 
of H 2 SO 4 to active oxygen is greater than 2 :1 being nearer 1 : 1 . He called this 
compound sulphutyl Moxide, because he regarded it as a mol. comjxnind SO 2 .O 2 . 
M. Berthelot, and D. Carnegie showed that M. Traube’s holoxide was probably 
a mixture of perdisulphuric acid and hydrogen dioxide, an explanation which was 
later accepted by M. Traube himself. According to N. Caro, M. Berthelot’s original 
Vacide p^rsidjurique, and M. Traube’s sulphury! holoxide were probably pennono- 
sulphuric acid, H 2 SO 5 . According to A. von Bayer and V, Villiger, with 20 
cent, sulphuric acid, the perdisulphuric acid gradually changes into permono- 
sulphuric acid, but on electrolyzing more cone, acids, the |>ermono 8 ulphuric ackl 
is largely formed during the electrolysis. Consequently, both M. Berthelot, an«f 



420 


INORGANIC ANT) THEORETICAL CHEMISTRY 


]\ 1 . woie right, since all depends on the working conditions. F. Richarz 

explained th(‘ transport number, and the formation of Vacidc 'persulfuriquc by the 
('l(‘ctrolysis of sulphuric acid of medium concentration—about 50 per cent. H 2 SO 4 — 
by assuming that HS 04 dons ar(‘ formed. K. Elbs and co-workers suggested tliat 
in very dil. solii., sulphuiic acid is ionized : H 2 S 04 ^- 2 H'-| SO 4 ", and that on elec¬ 
trolysis, the hydrogen is discharged at the cathode, while at the anode, the S 04 -ion 
reacts: SO^-f-HgO-= 112804 -] 0. On the other hand, Buljihuric acid, of sp. gr. 1*4, 
is ionized ; H 2 S 04 ^-Hr 4 IlSO./, and on <‘lectrolysis the ji)'drogen is discharged at 
the cathode, and the two IlSO^'-ums arc doubled to form perdisul])huric acid : 
211804 =H 2 S 20 g. V. Kuriloil observed the formation of both hydrogen dioxide 
and Vacide persulfurique according to the conditions. Tlu' latter appears first 
when 10 per cent, of Ho 8()4 is])resent ; and hydrogen dioxide with 3 to 47 percent. 

E. Boutv said that a molecule of tla* type H28O4.H2O should s])lit up into 
)i\xlrogen, sulphur trioxkle, and hydrogen dioxide. As a mattiTof fact, hydrogen 
dioxide is a normal product of the electrolysis of acid of this strength. According 
to F. Richarz, the maximum amount of livdrogen dioxide is obtained when the 
acid has the coru])osition 112804-|-1*347H2(). With acid below GO per cent., very 
little hydrogen dioxide is formed, but persulphuric acid and ozone ar(‘ produced in 
considerable quantities. It may be assumed that the apparent limit at 
H 28 O 4 I 5 H 2 O or GH 2 O really corresponds with the comjilete disappearance of 
hydrogen dioxide from the ])rodiicts of electrolysis, or, in other words, with the 
complete destruction of moh'cules of tin* type Il 2804 ,Ho 0 , whilst the limit at 
H 2 S 04 -]- 15 H 20 corresjionds with th(‘ complete disapjiearance of persulphuric acid 
from the products, or with the destruction of the unknown hydrate intermediate 
lK'tw<'en the monohydrate and that which exists in very dil. sola. 

M. B(‘rtholot found that besides Vacide persulfurique, sulphuric acid of sp. gr. 
1*4, when electrolyzed wdth a thin platinum wire sealed into a glass tube, furnishi^d 
oxygen eoutainuig about 0*5 per cent, of ozone. The formation of ozone by the 
electrolysis of dil, sulpliunc acid was observed by (’. F. Sehonbein, J. C. G. de 
Marignac, A. W. Williamson, H. Meidinger, F. M. Baumert, T. Andrews, J. Tyndall, 
L. Sorct, B. C. Brodie, J. W. (lark, H. Hollmann, E. Schone, L. Carius, H. McLeod, 
etc. 

Lor J. Meyer and A. Pawletta’s observations on mixtures of sulphuric and 
])hosphoric acid, vide phosphoric acid. 11 . Hoftmaim electrolyzed 98*3 per cent, 
sulphuric acid—sj). gr. 1*841 at 187L--at various temp, by currents of various 
strengtlis. He found that at 50'^, independently of the current strength, hydrogen, 
hydrogim sulphide, and sulphur are produced on the cathode, whilst at higher temp, 
sulphur dioxide and sulphur are jiroduced, and in the neighbourhood of 30(F only 
sulphur is obtained. Oxygen is libi rated from the anode at these temp. At 
2 () 0 ^, the oxygen is mixed with sulphur dioxide, liroduced from sulphur which has 
diffused from the cathode chamber, and has been oxidized by the hot sulphuric 
acid and the nascent oxygen. From 280^ upward, sulphur dioxide and oxygen 
are liberated in quantities cornxspomling with Faraday’s law. I'he gas clement 
SO 2 1 O 2 , in consequence of incomplete charging of the electrodes, does not furnish 
the expected c.m.f., and also the velocity of reaction of the gases is too small for 
the production of large quantities of current. The decoiiqwsition voltage of hot, 
cone, sulphuric acid lies near to that of water, that is, higher than the calculated 
and obserwd values of the j.otential difference of the gas element. From this 
it follows that the primary products of electrolysis ar(‘ hydrogen and oxygen whilst 
sulphur dioxide is a secondary^ product —vuie 1. 14, 2 . 

K. Elbs showed that if the sulphuric acid has iron in soln., less electrolytic gas 
is produced than corresponds with Faraday’s law, with acid of sp. gr. 1*175 con¬ 
taining one per cent, of iron, 97*4 j)er cent, of the theoretical yield is obtained. 
According to J. A. Muller, in the electrolysis of a mol. soln. of sulphuric acid in a 
porous pot as cathode chamber, immersed in a vessel containing a mol. soln. of 
potassium hydroxide, the hydrogen liberated is in excess of the hydrogen eq. 
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of the potassium which has travelled to the cathode, and of tiu‘ sulphate which 
has passed to the anode. This is attributed to the partial ionization of the potas¬ 
sium hydroxide to H‘- and OK'-ions. If the alkali hydroxide soln. be replaced by 
l^ydrochloric aoich an excess of hydrogen is again obtained. This is attributed to 
th(^ formation of oxygenated chlorine compounds. If the alkali hydroxide be 
replaced by gold chloride, hydrogen is giv<‘n off at the cathode, and slightly ionized 
oxygen at the anode. No gold is deposited. F. Richarz observed that in the 
electrolysis of dil. siilplniric acid, with a rising strength of current, when a potential 
diflerencc of 1*08 volts is attained, there is not only a sudden rise in the strength 
of the curnmt, as ol)served by H. von Helmholtz, but hydrogen dioxide is formed 
at the cathode by the reduction of dissolved neutral oxygen. F. Kicharz and 
('. Lonnes observed that hydrogen dioxide is not produced when platinum and gold 
(‘lectrodes are used although they contain occluded hydrogen, but convection 
currents may result in the formation of hydrogen dioxide, but the quantity pro¬ 
duced is not si^fficient to account for the current, and it is in no way proportional 
to the current strength. F. H. Jeffery found that when sulphuric aei<i is electro- 
lyz(‘d with a gold anode a little gold passes into soln. and a complex salt is formed 
with gold in the anion. E. Elsasser found that hydrogen is developed at both 
electrodes when dil. sulphuric acid is electrolyzed with a magnesium anode and a 
platinum cathode ; and with very dil. acid, twice as much hydrogen is given off 
from the platinum electrode. H. llighton said that if the acid be electrolyzed 
with a zinc anode and carbon cathode, hydrogen sulphide is formed at the anode, 
but W. Skey attributed the hydrogen sulphide to the presence of sulphides in 
the carbon or to hydrogen sulphide adsorbed from the atmosphere. A. Bartoli 
and G. Papasogli observed that in the electrolysis of sulphuric acid with a carbon 
anode, besides carbon monoxide and dioxide, there is formed black mcUogen, 
(PuIIoO^),,, together witli traces of benzocarboxylic acids produced by the oxida¬ 
tion of mellogen ; with a graphite electrode, graphitic acid, (Ci|H 204 )„, is formed. 
F. Haber electrolyzed heated sulphuric acid in vacuo, with the cathode suspended 
a f<‘w mm. above the liquid, using a voltage of 600, and found more hydrogen is 
produced than corresponds with Faradaylaw—permonosulphuric and perdi- 
sulphuric acids were formed in the liquid, and more of these substances were formed 
wdien the anode was suspended above the liquid. The yield of active oxygen— 
hydrogen dioxide and the two persulphuric acids—increases with the cone, of the 
acid up to 45 per cent. H 2 SO 4 ; it then falls off until, with 75 per cent. H 2 SO 4 , none 
is }>roduced. If oxygen at a press, of 131 mm. is contained in the chamber, there 
is also a drop in the yield of active oxygen. It is inferred that at the electrode a 
strong oxidizing product is formed from the water ; this is taken up by the liquid, 
and it is sufficiently stable to oxidize the sulphuric acid, forming hydrogen dioxide, 
and the two persulphuric acids, 

J. Tafel and B. Eramcrt observed that when dil. sulphuric acid is electrolyzed 
with a platinum anode, the current density at that electrode being comparatively 
low, chemically recognizable quantities of platinum are dissolved. These small 
quantities of platinum suffice to account for the observed depressions of the cathode 
potential. The sensitiveness of different cathode metals varies considerably ; in 
the case of a silver cathode, 0*00001 mg. of platinum is able to produce the depression 
of the potential for a cathode surface of 10 sq. cms. The effect is produced by 
the precipitation of the platinum on the cathode, but even then it may remain 
latent. The action of the platinum is apparently not to convert the cathode 
into a platinum cathode, but to assist catafytically some chemical change of the 
cathode surface. The action of gold on the cathode potential of other metals is 
insignificant compared with that of platinum. J. Violle and M. Chassagny observed 
that if a positive electrode consisting of a platinum wire 4-5 mra. in diameter is 
plunged to a considerable depth in water containing 10 per cent, of sulphuric acid, 
and a negative electrode consisting of a platinum wire 1*5 mm. in diameter is 
gradually immersed in the liquid, then, if the difference of potential between the 
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two electrodes is not less than 32 volts, there is seen round the negative electrode a 
Inininous sheath which separates it from the liquid and in which alone the evolution 
of hydrogen takes place. This sheath offers a very high resistance, which gradually 
diminishes as the length of wire immersed increases and falls very suddenly at the 
moment when the luminous sheath disappears and gives place to a train of bubbles 
of hydrogen. The length of the luminous sheath increases with the electromotive 
force, and the quantity of energy ased up in the electrolytic cell is proportional to 
the length of the luminous sheath which the particular current can produce. The 
luminosity is not continuous, and at first it consists only of points of orange light 
at the extremity of the electrode, but these become violet in colour and extend over 
tlie whole of the submerged wire. The electrodes become very hot, and if the 
circuit is broken the luminosity does not disappear immediately, and there is a 
liissing sound when the water comes in contact with the hot wire. The displacement 
of the luminous sheatii by a train of bubbles of gas, which takes place when the 
electrode is immersed to a certain depth, is accompanied by a kind of explosion. 
IJ. Pomilio reduced some unsaturated aliphatic acids by the electrolyses of alcoholic 
soln. in the presence of sulphuric acid; and he found that dil. soln. of sulphuric acid 
in alcohol are reduced by electrolytic hydrogen liberated from a nickel or 
lead cathode, sulphur and hydrogen sulphide occurring among the products of the 
ri’duction. On the other hand, ethyl alcohol acidified with hydrochloric acid is not 
appreciably attacked by cathodic hydrogen under widely varied conditions. 

H. Jahn determined the e.m.f. of the polarization produced with soln. of 
sulphuric acid, and com])ared it with the e.m.f. produced with different pairs of salt 
soln. so as to get an idea of the magnitude of the secondary heat effect as distinct 
from that due to electrical resistance. The e.m.f of the polarization between 
platinum electrodes is 2*388 volt. The total heat effect is 0*11007 Cal., and the 
calculated secondary heat effect is 0*04171 Cal. These numbers are in agreement 
with the observed heat effects. J. B. Westhaver found that anodes of iridium, 
platinum, and rhodium behave differently in 0 *liV-H 2 S 04 . When the current 
di'Tisity is high, iridium is the least polarizable, followed by rhodium; at low 
values of the current density, platinum is less easily polarized than iridium, A 
considerable interval elapses before the stationary condition of affairs is reached. 
When the logarithm of the current is plotted against the electrode potential, curves 
are obtained for the various kinds of platinum and iridium electrodes, which all 
exhibit a break at 1*1:5 volts. Electrodes of iridium black, on account of their small 
polarization, are suitable for determinations of conductivity with alternating 
current and a telephone. According to E. Bouty, the e.m.f. of polarization of 
platinum electrodes is 1*2 to 1*3 volte with the strongest acid, but this gradually 
diminishes with dilution until it is only 0*7 to 0*8 volt when the composition is 
H 2 S 04 ,H 20 . It retains this value until the composition of the liquid becomes 
H2SO4 f 5 II 2 O or 6 H 2 O, and at this point it rises suddenly to 1*4 volts, but after¬ 
wards gradually although very slowly diminishes. The polarization effect was also 
studied by J. Tafel using dil. sulphuric acid, a platinum anode, and cathodes 
of various metals. The cathode potential, E, is related with the current density, I, 
by E-~ai-b log I, where a and b are constants for a given temp. The potentials 
all decrease as the temp, rises, but with mercury b increases with rise of temp. The 
applicability of the formula may be masked by secondary changes. The primary 
influence of the cathode surface, so far as its mechanical properties are concerned, 
appears to be comparatively slight; for example, polished and prepared lead 
electrodes have approximately the same polarization values. But the cathode process 
itself effects mechanical and chemical changes at the surface of the cathode, and 
these changes influence the potential values so that the latter are more or less 
dependent on the previous history of the cathode. Some metals (lead, cadmium, 
silver, and copper) exhibit two distinct polarization states when the anode liquid 
has access to the cathode, a state of “ elevation and a state of “ depression.*' 
The change from the one to the other takes place during electrolysis, and often 



SULPHUR 


423 


occurs suddenly —vide supra. The potential at all the cathodes (those of ])latiuiz(*<l 
platinum and mercury excepted) changes slowly during electrolysis. When tie* 
cathode is protected from the anode liquid, lead, cadmium, tin, and bismuth all 
reach a polarization maximum within a short time, up to half an hour in the last 
two cases. With copper, nickel, gold, and bright platinum, the cathode potential 
for a given current density goes on increasing for hours, and with platinum no 
maximum value can be reached at all. J. Tafel said that the observed data arc 
rather opposed to the view of varying polarization as due to th(‘ varying thickness 
of a gaseous layer on the electrode, and he regards the cathode surface as having in 
different cases a different catalytic effect on the process of formation of hydrogem 
gas. E. E. Zimmerman studied the effect of temp, on the polarization capacity of 
gold and platinum electrodes in sulphuric acid of different concentrations; 
1 ). Reichinstein and W. von Reyter, W. M. Pierce, L. J. P. Byrne, and I. Wolff 
also investigated this subject. S. Cxlasstone studied the anodic overvoltages of 
lead, iron, nickel, and platinum in ^^- 112804 —vide the overvoltage of nydrogen, 
1. 7, 8 . According to A. A. Noyes, the contra-electromotive force of sulphuric acid 
at 20° is 1 *68 volts, and diminishes at first inversely as the absolute temp. Between 
60° and 120 °, it diminishes more rapidly, and above the latter iemp. remams 
practically constant. This may be due to a difference in the mode of ionization 
which is at first into H f HSO 4 —and then 2H+ and SO 4 - . S. Glasstone measured 
the cathodic and anodic overvoltages of a number of metals in N-H 2 SO 4 . 

G. Tammann studied the electrolysis of sulphuric acid. According to B. G. Cobb, 
in the electrolysis of cone, sulphuric acid with aluminium electrodes and a current 
of 2 (K) volts through an external resistance of 3(KJ ohms, the resistance, is at first 
almost zero, but soon rises so that in half a minute only 0-021 amp. of current was 
passing. The resistance is due to a non-conducting film of hydrogen, forming on t h(* 
metal. The evolution of gas from the anode is accompanied by vigorous sparking, 
which becomes more marked with increasing amperage. The liquid gradually 
becomes turbid owing to the separation of a basic aluminium sulphate. If a dry 
glass rod be caused to touch the top of the anode during electrolysis, an arc is pro¬ 
duced under the liquid between the aluminium ])late and the glass rod held in th< 
hand. If the cathode be an aluminium plate, and the anode a stout aluminium wire' 
wound round with glass-wool, on passing the current, an arc starts b(‘tween the anode 
and the glass-wool beneath the surface. With copper electrodes th(‘ sparks are red ; 
with silver or ydatinuni there is no sparking. According to S. Marsh, in the 
electrolysis of sulphuric acid by an alternating current, and with electrodes of 
platinum foil, the amount of evolution*of gas decreases rapidly with time, and 
eventually no more gas is evolved. The amount evolved decreases with increasing 
frequency of the current; when thin platinum electrodes were used, the amount was 
less, but no simple relationship between the volume of gas evolved and the thickness 
of the electrode was observed. The time-volume curves resemble saturation 
curves obtained in radioactive measurements. With gold electrodes, the rate of 
evolution of gas falls off rapidly with time, but for frequencies less than 48, gas is 
still given off at the electrodes for a much longer time than with platinum, and the 
total vol. of gas are considerably smaller than in the case of platinum. In the case 
of nickel elfctrodes, a copious evolution of hydrogen occurred for twenty minutes, 
beyond which the experiment could not be continued, owing to soln. of the electrode. 

F. Streintz27 measured the contact electromotive torce between the metals 
and soln. of their sulphates. S. Pagliani said that mere contact of a soln. of copper 
sulphat /6 with a soln. of a sulphate of potassium, sodium, lithium, magnesium, 
cadmium, or zinc produces a current which flows from the sulphate soln. to the soln. 
of copper sulphate ; and with suitable concentrations, a current }>asses from a 
soln. of sulphate of potassium, sodium, lithium, magnesium, nickel, iron, manganese, 
cadmium, zinc, copper, cobalt, and aluminium to the soln. of the next sulphate 
in the sieries. The constant e.m.f. of sulphate soln. with cone, sulphuric acid 
decreases with increasing cone, of the acid ; and with dil. sulphuric acid, the e.m.f’ 
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increases with increasing cone, of the sulphate soln. J. A. Crowther and 
R. J. Stephenson measured the contact resistance between sulphuric acid and 
a polarizable electrode immersed therein. H. S. Harned and R. D. Sturgis measured 
the electromotive force of cells of the type H 2 1 M 2 S 04 ,H 2 S 04 | IIgi> 5 S 04 | Hg, where 
M represents Na or K ; and Ha | MgS 04 ,H 2 S 04 | Hg 2 S 04 1 Hg ; and 0, Akerldf, 
the e.m.f. of cells H 2 | H 2 S 04 ,M 2 S 041 Hg 2 S 04 with different concentrations of acid and 
of M 2 SO 4 represented by lithium or sodium sulphate. D. F. Smith and J. E. Mayer 
studied the e.m.f. of cells of the type : H 2 {Pt)' | Ft; 

and also concentration cells of sulphuric acid. Referring back to the redaction 
potentials of sulphur, hydrogen sulphide, and sulphur dioxide, sulphuric acid should, 
from the equilibrium standpoint, be ca]>ahle of reduction to sulphur and hydrogen 
sulphide by very mild reducing agimls, the fact that this does not occur in practice 
is doubtless due to marked passivity or slow reactivity of the sulphate ion. Any 
reducing agent strong enough to reduce sulphuric acid to sulphurous acid should be 
capable of reducing it completely to hydrogen sulphide, thus showing that it is 
impossible to realize stable equilibrium conditions between these two acids at 25'^. 
Sulphuric or sulphurous acid may, however, be reduced to sulphur, wit bout produc¬ 
ing hydrogen sulphide ; but the formation of the latter is favoured by large H’- 
concentration. A. Oberbeck and J. Edler measured the e.m.f. of amalgams of 
zinc, cadmium, tin, lead, and bismuth against mercury in dil. sulphuric acid and 
in various salt soln. The metals follow this order in the magnitude of the e.m.f. 
G. Gore observed that the thermoelectric force between sulphuric acid and a mercur)^ 
electrode increases with the cone, of the acid until with soln. containing one of acid 
to 39 of water the e.m.f. begins to increase, and with a concentration 1 :19, it 
again increases. L. G. Gouy studied the relation between the height, hy of a column 
of mercury balanced by electrocapillary forces and the difference of pot(‘ntial, 
between the mercury and soln. of sulphuric acid of different cone. The values of 
h decrease with concentration ; d^hjdE^ is always negative, so that the curve has 
no point of inflexion, and does not tend to any limiting value. T. Svensson, and 
J. Lifschitz and S. B. Hooghoudt studied the photoelectric effect, or change in 
potential of an electrode in sulphuric acid when illuminated—the Beeguerd ejfcd. 

According to J. Blake, no convection of electricity occurs during the evaporation 
of the charged acid. R. Sabine observed that when drops of dil. sulphuric acid are 
placed on the clean surface of amalgams of lead, tin, antimony, zinc, or copper, the 
drops are seen to move about with a more or less jerky motion, the area of the drops 
undergoing successive irregular contractions and expansions. He explains the 
phenomenon as being due to alternate oxidation by the air outside the drop, and 
deoxidation by electrolysis in the interior of the drop, of a portion of the surface 
of the amalgam. When the metal amalgamated with mercury is specifically 
lighter than that metal, the surface of the amalgam consists of mercury in which 
float innumerable particles of the foreign metal. When the drop of acid comes 
into contact with such a surface, currents are generated, through the acid, between 
the mercury and foreign metal. If the foreign metal be positive to mercury, the 
latter is deoxidized underneath the drop and therefore cleaned: the adhesion 
between the drop and this clean surface is less than that between the drop and the 
original surface, the drop therefore contracts, and in so doing exposes a clean 
surface of mercury to the air; this again becomes superficially oxidized, whereupon 
the original state of matters is restored. 8 . Wosnessensky measured the potential 
difference at the surface of contact of sulphuric acid with a non-aq. solvent with 
normal calomel electrodes. 

P. Walden said that the didoctric constant of cone, sulphuric acid is over 
84 for A=73 x 1CK cm. With mixtures of sulphuric acid ana water, R. Weber 
observed no relation between the conductivity and the dielectric constant, which 
ranges from 39 to 47*9. J. Dewar and J. A. Fleming found that the dielectric 
constant is a function of the frequency and temp., lowering the temp., and reducing 
frequency reduce the dielectric constant. G. Akerldf studied the dielectric 
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constants of sulphuric acid in the formula for the relation between the dielectric 
constants of a medinin and the solubility of electrolytes. J. Konigsberger gave 
--2-76 X 10“-« for th(* magnetic susceptibility at 22"^ ; and G. Quincke, —0*80 X10"“® 
at 19®. G. Jiiger and > Mt ver studied the magnetization of soln. of the sulphates 
of manganese iron, cobalt, and nickel. 
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§ 31. The Chemical Properties of Sulphuric Acid 

According to AV^. Vaubc],^ a number of the reactiojis of sulpliuric acid depend on 
the hydrates which are present in the soln., rather than on the degree of electrolytic 
ionization. Amongst these are the green coloration with phenylrosinduline at 
cone, below 95*2 per cent., the formation of hydrogen sulphide from sodium thio- 
sulphate at cone, above 84*1 per cent., and the series of colours produced at different 
cone, in safranine solutions. Estimates of the affinity of sulphuric acid have been 
previously considered. J. Fiedler said that sulphuric acid is decomposed, giving 
off oxygen when exposed to light, but this lacks confirmation. 

A. Christoff measured the solubility of bjdiogen [q^v.) in sulphuric acid; and 
J. A, Wanklyn and W. J. Cooper, in mixtures of nitric and sulphuric acids. Accord¬ 
ing to A. F. de Fourcroy, when the vapour of sulphuric acid mixed with hydrogen 
is passed through a red-hot tube, water and sulphurous or siilphuric acid or hydrogen 
sulphide are formed according to the proportion of hydrogen present; A. Vila also 
observed that when sulphuric acid vapour mixed with hydrogen is passed over 
silica heated to 700*^-900®, quantitative reduction to hydrogen sulphide occurs. 
According to S, Cooke, cone, sulphuric acid is not reduced by hydrogen at ordinary 
temp., but if finely divided platinum bo present, the hydrogen slowly contracts, 
and sulphur dioxide is formed. J, Milbaiier said that sulphur dioxide is formed . 
when impure hydrogen is bubbled through sulphuric acid, but not so with purified 
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hydrogen. F. Jones, however, said that if hydrogen be left in contact with sulphuric 
acid for a few days at ordinary temp., the vol. of gas gradually contracts owing to 
the reduction of the sulphuric acid to sulphur dioxide. C. J. Warner found that 
the reduction of sulphuric acid by hydrogen begins at 160'^, and sulphur dioxide is 
formed. R. H. Adie gave 170°, and observed no sign of hydrogen sulphide. 
According to M. Berthelot, a slow current of hydrogen can be passed for an hour 
through epne. sulphuric acid at the ordinary temp, without any appreciable pro¬ 
duction of sulphur dioxide, but if contact between the gas and the acid is prolonged, 
the gas is absorbed and the acid is reduced. Light has no distinct influence on the 
reaction. Dil. sulphuric acid is not reduced by the hydrogen. At 250°, with 
the cone, acid, reduction takes place somewhat rapidly, especially in presence 
of a considerable excess of acid. When mixtures of hydrogen and oxygen 
are hdt in contact with sulphuric acid either at the ordinary temp, or at 
250°, both gases are absorbed, but the rate of absorption of hydrogen is the same as 
in the absence of oxygen, and the absorption of oxygen is due to its combination 
with the sulphur dioxide that is formed. Dry hydrogen and sulphur dioxide do not 
interact at 100° or 280°. The reduction of cone, sulphuric acid by hydrogen is an 
exothermic reaction and develops 15*1 Cals, this value being increased to 30*1 Cals, 
in the presence of a large excess of sulphuric acid, owing to the heat of hydration. 
In the, case of dil. sulphuric acid, the reaction W'ould be endothermic. J. Milbaucr 
found that the rate of reduction of sulphuric acid, with between 91 and 97 per cent. 
H 28 O 4 , is constant when the gas is bubbled through the acid at 174°. The reaction 
between hydrog(*ri and sulphuric arid is increased by the presence of various catalytic 
agents—notably by metals of th(‘ platinum group, but also by gold, and selenium, 
the soluble sulphates of cojiper, mercury, cerium, and lanthanum, and the oxides 
of arsenic, antimony, and tantalum. The presence of the oxides of vanadium, 
molybdonuin, and tungsten, or other suspended substances like silica, diminishes the 
yield of sulphur dioxide, and the same result is obtained to a very slight extent with 
the alkali and alkaline earth sulphates. The catalytic effect increases with the 
concentration up to a limiting value which corresponds with the limit of the solubility 
of the sulphate ; with mercuric sulphate there is an appreciable action at 26°, and 
the action increases rapidly with rise of temp. Some substances— e.g. ferrous and 
mercurous 8 ulj)hate 8 , and tellurium—are oxidized in spite of the presence of hydrogen 
and sulphur dioxide ; selenium shows an alternate sequence of oxidations and 
reductions ; while osmium tetroxide, palladium and cerium sulphates, selenium 
dioxide, and the oxides of vanadium, molybdenum, and titanium are first reduced. 
Light has no appreciable influence on the reaction. J. Milbauer found that the 
maximum catalytic effect is obtained when the sulphuric acid is saturated, but not 
supersaturated, with soluble platinum sulphate. This occurs most readily if the 
sulphuric acid bo treated with platinum black. Arsenic trioxide retards the reaction. 
As indicated in connection with sulphur, hydrogen sulphide, and sulphur dioxide, 
these substances may be produced by the action of hydrogen in statu nascendi on 
sulphuric acid, M. Faraday observed that sulphur and hydrogen appear at the 
cathode in the electrolysis of sulphuric acid (q^v.). J. H. Gladstone and A. Tribe 
found that hydrogen occluded in platinum reduces sulphuric acid to sulphur 
<lioxide and sulphur. 

O. F. Tower 2 measured the solubility of air (q.v.) in sulphuric acid, and A. Chris- 
loff, and C. Bohr, that of oxygen iq^v.). The subject was studied by G. Tammann. 
Sulphuric acid has no chemical action on oxygen; according to C. D. Harries, 
moderately dry oasone is not affected by being passed through coiic. sulphuric acid, 
whereas, under the same circumstances, ozone which has been dried over phosphorus 
)>entoxide is decomposed to the extent of one per cent, by the acid. Sulphuric acid 
can be mixed with water in all proportions; and when the acid is exposed to an 
atm. sat. with moisture, J. L. Gay Lussac said that it can absorb fiiteen times its 
weight of water; and H. W. Hake found that the maximum deliquescence on 
ox])OwVir<' to air was to convert 95*8 per cent. H 2 SO 4 into 35*37 per eout, HoSO^. 
von. K. 2 i' 
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Tlio vap. press, of sulphuric acid of different concentrations has been previously 
discussed ; obviously, in any closed space, the concentration of the acid determines 
tlie humidity of the atmosphere. The distribution of the moisture between sub 
])biiTic acid and the atm. has been discussed by W. I. Busnikoff —'Vidc supra^ the 
desiccating power of sulphuric acid. The great affinity of sulphuric acid for water 
is evidenced by its hygroscopicity and its use in desiccators, and in the balance 
case for kee])ing a dry atmos})herc in these ve 8 S(*ls ; and also for drying gases. 
Hulphuric acid acts upon many solid and li<|uid substances depriving them water ; 
or even decomposing the substanc<‘—s])litting off the elements of water when no 
ready-formed water is present. Wood, pa|>er, sugar, starch, and many organic 
substances are blac*ken(‘d by cone, sulphuric acid owing to the separation of carbon 
which accom])anies the rciimval of th(‘ ehmients of water. This prop(‘rty is utilized 
for the pre])aration of carbon mono.xidt'; for the preparation of ethylene. The 
effect is easily demonstrated by stirring 10 grrns. of powdered cane sugar with 
12 grrns. of cone, sulphuric acid in a beaker. The sugar first becomes pale brown, 
rapidly dark(‘ns in tint, and finally becomes black ; at the same time, much steam 
is (n'olv(‘(l and tlie mass swells iij) considerably, According to A. von Bayer and 

V. Villiger, hydrogen dioxide react.s witli cone, sulphuric acid, forming permono- 
sulphuric acid, H.jSO;, ; and T. M. Jiowry and J. N, West studied the equilibrium 
conditions in tie* reactions Hot), j ll 2 J^fl 4 ~'^Ho 805 fll.^O, and H 2 O .2 | 2 H 2 SO 4 
' -H 2 S 20 <;<+ 2 HoO --ride infra ; and IL Glockcr and 0. Risse, the photochemistry of 

1 lie reaction. M. Bt'rthelot add<‘d : 

1 /aoide peiNulfurique se forme eaaleinerU, tt)ujours a I’otat dissoiiB, lorscpi’on im'dange 
a\ec [)n^eaution et en tndtanto tout(* elevation de temperature une solution d’oau ox>^g 6 n 6 e 
H\ e(‘ I'aeide siilfurique soit ronrentrt, soit (‘tendu d’uiie quantit<S d'eau inff'neure t\ rdquiva- 
I<‘nt. Mais la eombinaison ri'a point lieu qunnd I’acude sulfuriquo ost (^tendu a ravaneo do 

2 /equivalents d’eau, ou daxantage Hhun tons les ca.s, elle dorneun^ partit>llt‘, < ’estdi-diro 
qifil subsist 0 une portion de I'eau uxxgonee. 

H. Moissan ^ found that sulphuric acid is partly d(‘compo 8 (‘d by fluorine ; and 
F. Fichter and K. Humpert, and W. Bladergroen found that persulphunc atud is 
formed Bulpliuric acid dis.solves chlorine, and also bromine ; and K. Weber 

.said that iodine is only .slightly solubh* in cone, sulphuric acid. R. H. Adie observed 
that when iodine is heated with (’onc. sulphuric acid, the iodine is distilled off at 92° 
without cht'inicai action. G. Gon observed that anhydrous hydrogen fluoride 
mixes quietly with cone, sulphuric acid at - 29° to ~] 8 ° ; and L. Pfaundler observed 
that ga.seous hydrogen fluoride is absorbed by cone, sulphuric acid, and when the 
soln. is heated, tli<‘ liydrogen fluoride ivS driven off unchanged. In aq. soln., 

W. Traubo and E. Riuibkt observed that a mixture of 62 per cent, hydrofluoric acid, 

and 94 per cent, sulphuric acid furnishes fluosulphonic acid, and that there is a 
state of equilibrium in the soln. : H 2 S 04 +HFv-F.HH 034 “^ 20 - According to 
H. B(‘ckurts and R. Otto, chlorosulphonic acid is formed when hydrogen chloride is 
passed into fuming sulphuric acid. R Behrend noticed the reverse change. V. Oupr 
sludiiMl the absorption of hydrogen chloridi* by sulphuric acid. The action of sul¬ 
phuric acid on chlorides is a reversible reaction : H 2804 + 2 MCj]-~M 2 S() 44 “ 2 HCI, or 
H. 28 O 4 \ M(J1 MHSO 4 1 With hot fuming sulphuric acid, rich in sulphur 

trioxide, H. Rose said that chlorine and sulphur dioxide may be formed— vide 
infra, sulohur oxychlorides. A. J. Balard observed that cone, sulphuric acid decom¬ 
poses hydrobromic acid into sulphur dioxide, water, and bromine. When the dil. 
acid acts on a bromide, hydrobromic acid is 6 <*t free, and E. Lt%er and others have 
used the method for preparing hydrobromic acid. F. T. Addyman found that there 
is no decomposition witli 30 per cent. H 2 SO 4 ; with 75 ])er cent. H 28 O 4 , only 0*64 
per cent, of the hydrogen bromide is decomposed ; while with th<i mol. proportion 
H 2 S ()4 : KBr - 1 . 2 , 3-22 per (eut, of the hydrogen bromide was decomposed, and 
with the ratios J . 1 , j : 2, and 1 : 3, resjieclively 8-3,19*88, and 31*30 percent, of the 
hydrogen bromide di^compo.scd. K. Broskouriakoff found that hydrobromic 
acid is oxidized by sulphuric acid at 
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J. L. Gay Lussac observed that cone, sulphuric acid (b'composes hydrogen iodide» 
or an aq. soln. hydriodic acid» fonnin/ 2 j suljdiur dioxid(‘, iodine, and water, while 
with dil. sulphuric acid there is no decomposition. Similarly also with th(‘ iodides, 
which, witli cone, sulphuric acid, are^ decompos<‘d : 2 KI } 3U^SO^ - 2 KTlS(>i 
d T 2 +SO .2 f 2 IL 20 . The reactions were studied by D. Vital 1 , F. Hush, ami 
A. Dupasquier. K. ProskouriakolT observed the temp, at wliuh snlphurh* aeid 
oxidiz(‘S hydriodie acid, and found this <iccurs at 

me® 00 ® .»o“ 4';” a. 

H^SO* . . . .25 30 35 40 50 jMM m n( 

J, L. Gay Lussac, and J. Kolb stated that the hypochlorites art' di'compoM'd ]>y 
sul])huric acid, forminjs^ hypochlorous and hydrochloric aeids, and some chlorine 
through the decomposition of tin* hypochlorous acid, N. E. xMillou found that 
cone, sulphuric aeid at -- 18"^ dissolve's 20 vols. of phlorine dioxide, forming a yellnw 
soln. which decompoH(*s b(‘tween 10 ^ and 15'^ givdng off chlornu' and oxygen, ami 
forming perchloric* arid ; at 15^^ to 20°, 100 c.c. of 9!) ]>cr eerit. 112 ^ 0 ^ disso]v<‘ l-ol 
grms. of iodine dioxide, and a more diluted acid dissolvf's rnori' dioxid^' ; cold dd. 
sulphuric acid slowly decomjioscH the dioxide, forming iodine and iodic acid dlie 
reaction i.s hastem'd by raising the temp. A. B, Lamb and A. AV. idiiliips studied t lio 
act ion of sulphuric acid on iodine pentoxide. The action of sulphuric acid on chloi n 
aci<l has been previously discussed, 2. 19, 12 ; and similarly also bromic acid, and 
iodic acid. A soln. of, say, 120 grms. of iodic ackl in GO c c. sulphuric aeid - the so 
called iodaiosulphuric acid —has been used as an absorbent for carlion monoxide in 
gas masks. This subject was studied by M. (iuiilemard and A. Lulirmami 
A. l)<'sgrez and M. Guillemard, E, Tassilly, and E. Dirioirc. S, Smith observed that 
at 338° the action of potassium chlorate on cone, sulphuric m aim cut indy unattended 
by ('xplosive viohmee, the addition of the powdered salt to tlie boiling acid nu'relv 
resulting in a brisk efiervescence, with the production of chlorim', oxygen, and 
])erchloric acid. The volume of oxygen evolved corresponds wit h alioiit 90 pi'r cent 
of the total oxygon contained in the potassium (’hioratc, wliilst the amount of 
])erchloric acid formed is very small. At temp, between 338° and 2 rK)° no crackling 
or detonation is produced. At 170°, however, the adilition of potassium chlorate to 
Hiilphuric acid results in a number of small detonations, which increase in violence a.'- 
tht' sulphuric acid ivS cooled and n*ach a maximum betwe(‘n 130° and 120 °, when a 
siiarj) explosion results. Below 120 ° the violence of the action diminishes, until, at 
G()\ chlorine peroxide is quietly evolved without cracking or detonation. Tin* first 
action of the acid probably forms the anhydride, C’l 205 , and this at once decom]>oses 
into chlorine and oxygen ; the oxygen oxidizes the chloriuc to perchlorate so that, 
as W. Ramsay I'lnphasized, the equation: 3 KFIO 3 KCIO 4 + K 2 O t 2 CIO 2 , must 
be indeterminal(‘. F. von Stadion, and G. S. Serullas said that- the perchlorates an* 
not decomposed at teni]). below 10 ()° by cone, sulphuric acid ; while (’. Langlois, 
i \ F. RammelsK'rg, and C. 6 . Lauteeb showed that periodic acid and llu* periodates 
are decomposed by cone, sulphuric acid. 

F. C. Vogel 4 showed that when cone, sulpliuric acid is heated with sulphur, 
sulphur dioxide is formed. K. H. Adie observed that suljihur dioxide appears at 200 °, 
and no hydrogen suljihide is formed. F. 0. ^k)gel said tliat whmi hydrogen sulphide 
is passed into sulphuric acid, water is formc'd as well as some sulphurous aeid and 
wsulphur, but wh<*u the acid is diluted with 4 vols. of water, no reduction occurs. 
According to A. F. do Fourcroy and L. N, Vauqiu'lin, when sulphur dioxide is passed 
into well-cooled sulplmric acid, no hyposulphunuis acid is formed, but the frozen 
mass cVplves sulpb-;r dioxide when thawed. According to A. Bussy, when sulphuric 
aefd is igitated with liqtiid sulphur dioxide, onl)* a little of the latter dissolves in 
the foni'' a ; most of the suljihur dioxide forms a layer above the sulphuric acid. 

described a liquid which he regarded as a compound 2 SO 3 .SO 2 , formed by 
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pay.sing sulphur dioxide into anhydrous sulphuric acid. The product evaporates 
rapidly in air, forming a thick cloud ; it effervesces violently with water giving oil 
sulphur dioxide ; and it forms a yellow mixture of sulphite and sulphate when 
treated with ammonia. It is doubtful if H. Rose’s product was anything more than 
a soln. of the gas in sulphuric acid -—vide supra, the solubility of sulphur dioxide in 
sulphuric acid. V. Cupr studied the absorption of sulphur dioxide by sulphuric 
acid. J. W. Dobereiner said that the reduction occurs only with fuming sulphuric 
acid, A. Geuther observed that carbon disulphide is miscible with sulphuric acid 
free from water, while M, Brault and A, B. Poggiale said that the cold acid decom- 
}>oses carbon disulphide, forming carbon and sulphur, and when the mixed vapours 
are passed through a red-hot tube, sulphur, hydrogen sulphide, sulphur dioxide, 
and (‘arbon monoxide are formed. Accordingto H. Rose, N. W. Fischer, E. Moles, 
and A. Hilger. selenium and tellurium dissolve in cone, sulphuric acid, forming a 
green or a r(‘d s<»ln , part of the metalloid is oxidized and some sulphur dioxide is 
fonmal. R. H. Adu^ observed that when selenium is heated with sulphuric acid, 
‘=:nlphur dioxide appf^ars at 170^, and no hydrogen sulphide is formed. 

A. Christoff,”* and C. Bohr measured ihe solubility of nitrogen (q.v.) in sulphuric 
acid. Sulphuric acici and aq. ammonia form salts —ammonium sulphates; 
E. C. Franklin and (’. A. Kraus found that the acid is very slightly soluble in liquid 
ammonia. J. I), van d(‘r Plaats observed that hyponitrous acid is decomposed 
by cone. «:ul])hunc acid, forming nitrous oxide. According to A. H. Allen, nitric 
oxide is absorbed by cone, sulphuric acid, and not by acid diluted in the proportion 
3 : 2 ; according to Lunge the gas is not absorbed by the dil. acid, but this is 
wrong. ][(' found tliaf l<Xf c.c. of q 6 per cent, sulphuric acid dissolvc'd 3*5 c.c. of 
nitric oxide ; and 60 per cent, acid, 1*7 c.c. of gas. T. Bayley showed that the gas 
IS more soluble if the sulphuric acid contains a trac'e of mercury or other metal salt, 
and F. Nettlefold added that only impure nitric oxide is dissolved by cone, sulphuric 
acid. (). F. Tower measured the solubility of the gas in the acid. A. Grain* 
observed tliat sulphuric acid is reduced by nitric oxide- -vide supra, the theory of th(‘ 
lead chamber process for sulphuric acid ; and 8 . 49, 35, nitric oxide. The action of 
nitrogen peroxide on sulphuric acid was discussed by R. Weber, C. A. Winkler, 
r. W. Ilasenbach. and G. liunge and E. Weintraub— mde 8 . 49, 64, and the theor} 
of the lead chamber process. A. Sanfourche and L. Rondier measured the press. 
<leveloped by mixtures of nitrous acid and sulphuric acid. The observations of 
J. Kolb, and A. V. Saposebnikof and others on the physical properties of mixtures 
of nitric acid and sulphuric acid have been discussed in connection with the 
former acid. Suljdmric acid abstracts water from nitric acid, and makes it more 
activ«* for nitrating compounds, A. Marshall questions this ; but C. D, Carpenter 
and A. Lehrman observed that sulphuric acid dehydrates nitric acid even in the 
presence of enough water to form H 2 S 04 ,H 20 . The observations of J. Kendall, 
W. C. llolnK* 8 , A. V. SaposchnikofE, W. B. MarkownikoS, C. D. Carpenter and 
A. Lehrman, etc., on the action of sulphuric acid on nitric acid have been discussed 
m connection with nitratosulphuric acid— 8 . 49 , 63—so also have the binary 
system : H 2 S 04 ~HN 03 ; and the ternary system : HNO 3 -H 2 SO 4 -H 2 O. A. V, Sapo- 
Mchnik()fT said that cone, nitric acid does not form a compound with cone, sulphuric 
acid, as supposed by W. B. Markowuikoff, but with an excess of sulphuric acid, 
the solii. may contain a little nitrogen pentoxide. A. Sanfourche and L. Rondier 
measured the press, developed by mixtures of nitric and sulphuric acids. 

J. Pelouze « observed no change with red phosphoms and sulphuric acid in the 
cold, but wdi(‘n heated, sulphur dioxide and phosphoric acid are formed. When 
phosphorus and cone, sulphuric acid are heated in a sealed tube, A. Oppenheim 
said that the reaction can be symbolized : 3 H 2 S 04 + 2 P==?H 2 P 03 + 3 S 02 . When 
phosphorus is heated in boiling sulphuric acid, in a capacious it bums in the 
acid vapour, with the separation of sulphur; H. Rose said that phoapbilM slowly 
reduces sulphuric acid at ordinary temp., forming phosphoric acid, s^dpltur, and 
.sulphur dioxide. According to A. Geuther, when sulphuric acid is heated ''"Hh 
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phosphorus trichloride, the reaction can be symbolized : i OlHSO^ 

+SO 2 +HPO 34 - 2 HCL C. Gerhardt and L. Chiozza obscTved tliat couc. sulphuric acid 
reacts with phosphorus pentachloride, forming sulphur trioxidc- and phosphoryl 
chloride ; while A. W. Williamson showed that chlorosulphonic acid is first produced, 
then sulphuryl chloride, and phosphoryl chloride, while if the tern}), exceeds 145'', 
some phosphorus dioxychloride, PO 2 OI, is ])roduccd. P. N. Raiktiw found that 
sulphuric acid dissolves in syrupy phosphoric acid at ordinary teiu})., and when the 
mixture is heated to 350°, sulphur dioxide is given oil*. A. Prinvault observed that 
sulphatophosphates are produced when cone, sulphuric acid is heated with the 
alkali phosphates. R. H. Adie found that when sulphuric acid is lieated with 
arsenic, sulphur dioxide appears at 110 °; with antimony, at ; and with 

bismuth, at .90°—in no case was hydrogen 8 ulphid<; observed. 

When carbon— charcoal—is heated with cone, sulphuric acid the reaction can 
be symbolized: C+ 2 H 2 S 04 ~ 2 H 20 +C 02 + 2 S 02 , and at a higher temp.—dull 
redness—c‘arbon monoxide and dioxide, hydrogen, and sulphur are formed. 
R. H. Adie ^ said that the formation of sulphur dioxide can be detected at 188 
and no hydrogen sulphide is formed, M. Berthelot found that graphite is not 
attacked at 100 °, but retort carbon colours the liquid brown, and wood-charcoal 
produces small quantities of sulphur and carbon dioxides. A. Verneuil said that 
metallic acid, pyromellitic acid, and benzenepentacarboxylic acid are produced 
by the action of cone, sulphuric acid on wood charcoal at 280 -300''. D. Nainasi- 
vayam, N. Schiloff and S. Pewsner, I. M. Kolthoff, and L. R. Parks and P. (’. Bartlett, 
studied the adsorption of sulphuric acid by charcoal. L. R. Parks and P. (\ Bartlett, 
and M. Dubinin studied the adsorption of sulphuric acid by carbon. J. Thoiih't 
studied the attraction between a dissolved solid and a substance immersed in 
the soln, applied to the case of lignite and sulphuric acid. C. Bohr nu^asured the 
solubility of carbon dioxide (q.v.) in sulphuric acid ; and A. Cbristojf, of carbon 
monoxide (q.v.). J. Milbauer found that at 250° sulphuric acid is reduced by carbon 
monoxide : H 2 SO 4 +CO—CO 2 +SO 2 +U 2 O, so long as the cone, of the acid does not 
fall below 91 per cent. H 2 SO 4 , and it is accelerated by the presence of certain catalysts 
— e,q. yjalladium, iridium, mercury, selenium, silver, gold, and tin—but not by 
platinum, osmium, and copper sulphate. Sulphuric acid corrodes many organic 
substances and colours them brown. In 1661, R. Boyle thus described the reducing 
action of turpentine: 

8 iiH|3ecting the eoniinon oyle of vitrioll not to l>e altogether sucli a .sim})lo liquor 
iis chymists prosumo it, J mingled it with an equal or a double quantity (for 1 tryed the 
experiment more than once) of common 05de of turpentine, sucli os together with the other 
liquor I bought at the drugsters. And having carefully (for the experiment is nice, and 
somewhat dangerous) distilled the mixture in a small glass retort, 1 obtained according 
to my desire (besides the two liquors I had put in) a pretty quantity of a certaine substance, 
which sticking all about the neck of the retort discovered itself to be sulfihur, not only by 
a ver>^ strong sulphureous smell, and by tlie colour of brimstone ; but also by this, that 
being put upon a coal, it was immediately kindled, and burned like common sulphur. And 
of this substance I have yet by me some little parcells, which you may command and examine 
when you please. So that from this experiment I may deduce either one, or botli of these 
proportions, that a real sulphur may be meuio by the conjunction of two such substances 
os chymists take for elementary, and wliich did not either of them apart appear to have 
any sucl body in it; or that oyle of vitrioll though a distilled liquor, and taken for part 
of the saline principle of the concrete that yeclds it, may yet be so compound a body as to 
contain, I esides its saline part, a sulphur like oornmon brimstone, which would hardly be 
itself a sii iple or unoompmmded body. 

A. found that at 20 °, one c.c. of 95*6 per cent, sulphuric acid absorbs 

0-03303 c.c, of metbaae ; 61*62 per cent. H 2 SO 4 , 0*01407 c.c.; and 35*82 per cent. 
H 2 SO 4 , 0*01815 c.c. B. A. Worstall said that fuming sulphuric acid will attack 
tb^aliphatic and aromatic hydrocarbons. Thus, although the cold fuming acid is 
gwout action on hexane, heptane, or octane at ordinary temp., these compounds are 
^/nonated by the acid at their b.p. S. G. P. Plant and N. V. Sidgwick said that 
^«ere are three successive stagtis in the absorption of ethytene by sulphuric acid : 
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(i) a dissolution of the gas in the liquid; (ii) a reaction: C2H4+H2SO4 
(^2H5.HS04 ; and (iii) a further reaction with the acid to form ethyl sulphate, 
Tlu* second and third reactions may be simultaneous, and they 
proceed at rat(*s proportional to the products of the concentrations of the sulphuric 
acid and ethylene in the one case and ethyl hydrosulphate in the other. A. Damiens 
showed that cu])ric oxide or suij)hate catalyzes the reaction, and that there is a 
.statt‘ oi ecpiilibrium: 112^04 ) ((2115)2^04^^202115(11804). The reaction was 
studi(‘d by VV. Lominel and R. Engelhardt, and W. (Ruud and 0. Schneider 
S. (b r. l^lant and N. V. Sidgwi('k said that propylene is absorbed more readily 
than (‘thvlene, but tlu' n'aetions are more complex, for besides I>ropyl sulphate 
and liydrosulphate. a (olourless oil, free from sul})hur, and probably a mixture 
of s<‘eondary alcohols, is formed. J. U. Nef claimed that butylene and the higher 
olctines were quantitatively converted into polymers by eonc. sulphuric acid at 
O'", while propylene nniiained dissolv(»d in the acid as propyl sulphate. A. Michael 
and (*0"Workers found that isobutylene, (CllyloC -CHoi rapidly and completely 
dis.solv<‘d by ()3 per cent, sulphuric acid at 17', while tetramethylethylene» ((''113)20 
0(OH3)2, leacts coni])lct(‘ly with 77 per cent, acid at ordinary temp., but not so 
rapidly as ainylfme, (('Hd*/^ OH (’H3. The amylene, (C'2H4)(0H3)C -OHo, dis¬ 
solves more readily in 66 per e(‘nt. acid than does the amylene (0H3)2(Ri.CH“-(Rd2- 
A. WisciiiK'giadsky obtained large yields of amyl alcohol by the action of cold, cone, 
sulpliuric acid 011 amylene. W. R. Ormandy and E. (\ Oraven, and B. T. Brooks 
and I, Hu/nphrey studied th(' action of sulphuric acid on various olefines—- ^-rnethyl- 
a-biitt*ne, /3-inet}iyl-a>pent(‘iie, a hexene, methyleyelohexene, i80-a-he])tene, y- 
iieptene, y-et}iyl-/i-pentene, tetrainethylethylene, a-oetene, a-isocteiu^, j8-methyl-j8- 
undoceric, ]i<‘xadeeene, niCDtlHUie. styrene, as well as t!i(‘ terpenes, a-piiioiie, j8- 
])inene, liin(>nene, and rnyrceie*. In agreement with A. Michael and R. F. Brunei, 
they found that the temiericy of th<‘ aliphatic olefines to form alkyl sulpliates and 
alcohols increases with incieasing mol. w’t., and approa(‘hes a maximum with 
the amyleues and hexein. Th<* substitution of electronegative radicles 
hydroxyl, carboxyl, or t lie halogens - for hydrogen makes the ololinCwS mort' resistant 
towrards sulpliuric acid. Ttdramethylethylene is more reactive than its isomer 
a-hexene. This is attnbuled to th(* fact that the unsaturated tetradic C : C-grou]) 
ina-hexene has three of its valencies taken up by hydrogen, w^hereaKS in tetrametbyl- 
ethyloTK*, the hydrogen atoms are replaced by the more electropositive Cn3-groups. 
The olefines of Ingher mol. wt. are inclined to polymerize when treated with sulphurie 
acid, and the polyinerides still containing at leavst one double bond resist attack by 
sulphuric acid better than the parent olefine. Thus duodeceiie, CJ12H24, is almost 
quantitatively converted into the dipolymer, C24H48. There is no evidence of ring 
formation. If amylenes, hexenes, or heptenes are treated with 85 per cent, sulphuric 
acid, below 15°, alcohols are formed but not necessarily by the formation and sub¬ 
sequent hydrolysis of the alkyl sulphate. R. P. Anderson and C. J. Engelder 
observed that fuming sulphuric acid has a solvent action on the irft80l61l6 vapours 
in natural gas. Cone, sulphuric acid was found by M. Berthelot, 8. Zeisel, and 
W. Muthmann to absorb slowly acetylene, forming a sulphonic acid. M. Berthelot, 
and H, I. Lagermarck and A. P. Eltekofi said that wdth a boiling soln. of sulphuric 
acid (3:7) acetaldehyde is formed, and, according to H. Erdmann and P. E.othner, 
with a more cone, acid (2:1) crotonaldehyde is formed. The chemical action was 
discussed by G. Schroter, etc. According to A. Michael and A, Adair, wlien cone, 
sulphuric acid is boiled for 20-30 hrs. with benzene* some benzoylsulphonic acid 
is formed. The reaction was studied by 6. Monselise, L. B. von Barthf mu and 
C. Senhofer, C. Senhofer, G. Heinzelmann, W. Egli, M. Berthelot, etc. 

The esterification of methyl alcohol by sulphuric acid was discussed by 
R. Kremann and H. Neumann,® and J. Guyot and L. J. Simon; and of ethyl alCG’^^l 
by sulphuric acid by A. Villiers, F. W. Bushong, D. McIntosh, H. 

R. Kremann, P. N. Evans and co-workers, and A. Zaitschek. B. T. Brooks 
I. Humphrey found that allyl alcohol reacts with the 60 per cent, acid to fo\^^ 
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allyl hydrosulphatc, and oinnamic alcohol is polyjiierized by the 85 per cent. acid 
at 0 °, and similarly also with cinnamic aldehyde, eugcnol, woeugonol, and safrol. 
K. Kreraann and H. Honel studied the velocity of the reaction with acetone result¬ 
ing in the formation of mesityl oxide ; and D. McIntosh, the formation of oxoniuiu 
compounds. The effect of sulpliuric acid on ether has been st udied by A. W. Port<‘r, 
and J. R. Pound; and on p-totyl ethyl ether, by P. R. Roberts and (i. Alleinan. 
C. Mauguin and L. J. Simon represented the reaction of sulphuric acid on carbon 
tetrachloride at 150 *^ by the equation : CC]4+H2S04-~HC1B03-J COClo-f HCl, and 
2nClS03+CCl4-S205Cl2d~2HCM COClg. V. V. Tschelinceff and N.“A. Kozloff, 
E. Archibald and D. McIntosh, 1 ), McIntosh, A. Hantzsch, and G. Oddo and 
E. Scandola found that sulphuric acid reacts with ethers to form compounds whicli, 
from their analogy with the substituted auiinoniiim compounds, can be regarded 
as oxonium derivatives. The action of sulphuric acid on various organic acids 
has been studied by F. W. 0 . de Coninck and M. Raynaud, B. T. Brooks and 

I. Humphrey, J. van Peski, M. Bergmaim and F. Radt, J. Kendall and C. D. Car¬ 
penter, J. Milbauer and A. Nemec, etc. A. Lehrman studied the ternary systenn : 
acetic and sulphuric acids and water. J. A. Christiansen observed that the decom¬ 
position of oxalic acid by sulphuric acid is retarded by the presence of a small 
proportion of water, probably in consequence of the displacement of the equili¬ 
brium H2S04;=^S08+H20, since the addition of sulphur trioxide greatly increases 
the rate of the reaction. Observations on the aromatic disulphides were made 
by 8 . Hmiles and co-workers ; on aromatic disulphoxidcs, by T. P. Hilditch ; on 
nitroheptane, by R. A. Worstall; on nitrobenzene, by M. L. Crossley and 
C. B, Ogilvie ; on malic acid, by E. L. Whitford ; on various organic compounds - 
aldoses, dicarboxylie acids, amino-acids, a-and /^-naphthol, and dihydroxybenzoiies 
—by J. Milbauer and A. Nemec; and on ferrocyanides, by P. Chretien. The 
formation of carbon monoxide (q.v.) by the action of sulphuric acid on potassium 
ferrocyanide was investigated by J. W. Dobereiner, J. J. Berzelius, G. Fownes, 
M. Merk, T. Everitt, G. Wittstein, IL Aschoff, A. W. Williamson, and R. H. Adb; 
and K. C. Browning. P. G. Kronacker studied the conversion of the nitrogen 
of.the amino-acids into ammonium sulphate by the action of 66 per cent, sulphuric 
acid, with and without potassium permanganati' and mercury. E. J. Mills and 

J. Takamiue, and J. Walker and J. R. Appleyard studied the absorjition, etc., of 
the acid by sUk ; E. J. Mills and J. Takamine, W, W. Paddon, and I). Vorliinder and 
A. J. Perold, by wool ; E. J. Mills and J. Takapiini*, by cotton ; S. G. Mokrushin, 
by filter-paper; and J. A. Wilson, and V. Kubelka and d. Wagner, by leather. 
The action of sulphuric acid on glass has been discussed by F. R. Weber and 
E. Sauer,® etc. ; on various silicates {q^v,) by J. Hazard, etc. 

The effects of sulphuric acid on the different metals are discussed in connection 
with the individual elements. St. von Bogdandy and M. Polanyi studied the 
emission of ions wlnm sulphuric acid attacks sodium vapour. General observations 
have been made by 0. 11. Sluitcr, R. H. Adie, C. M. van Deventer, M. J, Fordos 
and A. G^lis, A. Ditte, and M. Berthelot. In some cases, dependent on the cone, 
of the acid, the nature of the metal, and the temp., hydrogen, hydrogen sulphide, 
sulphur dioxide, and sulphur or the metal sulphide may be formed. G. J. Burch 
and J. W. Dodgson observed that with cone, sulphuric acid, at 16°, sodium, weighted 
with a glass rod, is less rapidly attacked than by water ; the action is moderate 
and bubbles of gas are steadily given off. Contact of the sodium with another 
metal usually retards the action—aluminium and magnesium accelerate the action, 
so much that the sodium quickly inflames ; platinum, iron, and carbon retard the 
action. The sodium remains clean and bright while the gas comes from the surface 
of the other metal. According to T. L. Phipson, when a piece of sodium is placed 
in sulphuric acid of sp. gr. 1*845, sodium sulphide is the chief product of the action. 
R. Pictet observed that below —68° potassium does not react with 35 per cent, 
sulphuric acid ; and sodium not below —50°. P. Neogi and R. C. Bhattacharyya 
^nixid that sulphates are not attacked by magnesium amalgam. P. D. Schenck 



440 


TNORGANK' AND THEORETICAL CHEMISTRY 


discussed metals for resisting the action of sulphuric acid. Lead is in common use 
for up to 95 per cent, cold acid, and up to 80 per cent, hot acid; aluminium bronzes 
and copper-silicon-manganese bronzes resist cold soln. with up to about 40 per cent, 
sulphuric acid ; high nickel copper alloys, chrome-nickel steels, and nickel-silicon 
steels behave like the bronzes. The high silicon irons have been us(h 1 for resisting 
all concentrations and temperatures of sulphuric acid, but they are difficult to work. 
K. C. Sen observed that the adsorptions of sulphuric acid by hydrated chromic 
oxide, aluminium oxide, and ferric oxide m millieq. per gram from acid with 
1*1320 millieq. per l(X) e.c. are respectiv’^ely 4 * 273 , 1 * 793 , and 1 * 696 . 

The action of sulphuric acid on the bases results in the formation of sulphates 
—e,g. K0SO4, CaSO^, Fe2(S04)3, etc.; of bisulphates or hydrosulphates e.g. 
KHSO4, CaHS04, etc. ; of pyrosulphates -c.g. Na.S^O?, etc. ; of various olh(‘r 
acid sulphates — or polSTSUlphates — vule 20 , 26 —and of bas'ic sulphates or oxysul- 
phates 12 —coppei sulphates, etc. Many complex sulphates or double and 
triple sulphates have been reported; and a number of hoteropoly-acids have been 
discussed— €,g, A. Recoiira’s,!^ E. Baud’s ferrisulphuric acid, chromisulpliunc 
acids, etc. Excepting the pyrosulphates, these compounds are discussed in 
connection with the individual elements. G. G. A. van Dorp studiejd the ternary 
systems: LioS04-H<>S04-Ho0, (NH4)2S04~ H2SO4-H2O, and the quaternary system. 
(NH4)oS04-LioS04-HoS04~H20; H. W. Foote the ternary systems: Na2S04- 
H2SO4-H2O, and RS64-H2SO4-H2O, where R represents the bivalent (‘lennuits, 
Fe, Cu, Ba, Ca, Be, and the quaternary system Na2S04-~CuS()4-~H2S04~H20; and 
A. D. Donk, the ternary system : PbS04~H2S04-'H20. 

The physiological action of sulphuric acid»— F. C. (^alvert said that a soln, 

1 :1000 does not affect protoplasmic life or fungi. Sulphuric acid is poisonous 
to man, and a fatal case of the poisoning of an adult by 3*8 grins, of acid was re¬ 
ported by R. Ohristison, and this is the smallest lethal dose on record. When 
externally applied, the cone, acid may produce phenomena resembling scalds or 
burns ; the destruction of the tissue may not be deep seated if the acid is quickly 
washed ofi. The skin is at first coloured white, and at a later period brown, and 
part may appear as if it had been dissolved. When administered internally, there 
is immediate and great suffering ; the tongue and throat swell and inflame so that 
saliva cannot be swallowed. The acid attacks the mucous membrane of the gullet, 
and stomach. Then* may be excessive vomiting and retching. Pieces of mucous 
membrane may be expelled. The bowels are usually constipated, and th<* urine 
contains an excess of sulphates and often albumen with hyaline casts of uriniferous 
tubes. The pulse is small, the breathing slow, the extremitit‘S may he affected 
with convulsions and cramps, and death may follow in 24—36 hrs., or be more 
j)rotracted and painful. In bad cases, the sulphuric acid may dissolve the stomach 
and pass into the peritoneum producing effects like a penetrating wound in the 
abdomen. In chronic poisoning by small doses W. Starkoff showed that it acts 
as a specific poison on the blood. R. Kobert mentioned that drunkards addicted 
to Schnapps may show symptoms of chronic poisoning because this liquor is 
acidified with sulphuric acid to give it a sharp taste. H. Wei8k<3 found that lambs, 
given small doses of the acid for six months, grew thin, and their bones—excepting 
the long bones and those of the head—were deficient in lime salts; and the muscles 
have an abnormally low proportion of these salts. N. Sieber, P. Miquel, and 
C. T. Kingzett observed that dil. sulphuric acid hinders putrefaction, and acts 
as an antiseptic; and W. 0 . von Leube said that a very dil. soln. has been sold 
under the commercial name kremown for use in preserving foods. M. M. Hay- 
duck found that the dil. acid has a detrimental effect on the development 
of yeast. 

Soxue tum of snlphliric add.—^In 1925, the world’s production of sulphuric 
acid of a sp. gr. of about 1*72 downwards approximated 5 million metric tons, 
and of this, about three-fourths was used for making fertilizers, ammonium sulphate, 
ami other artificial manures. This dilute acid is also used for making 8alt-cak^\t 
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and hydrochloric acid, and indirectly for soda-ash, bleaching powder, etc. 
It is used in the pre]:)araiion of many acids— e.g. hydrofluoric, sulphurous, nitric, 
phosphoric, boric, chromic, oxalic, tartaric, citric, acetic, and stearic acids ; it is 
used in manufacturing phosphorus, iodine, bromine, and numerous sulphates— 
c.g. barium sulphate or hlanc fixCy the alkali sulphates, alums, and the sulphates 
of the metals—potassium dichroinate, ethers, organic colouring matters, starch, 
syrup, sugar, etc. It is employed in the metallurgy of copper, silver, cobalt, nickel, 
platinum, etc. It is used for pickling or cleaning sheet-iron, to be galvanized or 
tinned. It is used in making parchment paper, for the saccharification of corn, 
for cfiervesccnt drinks and mineral waters, in the preparation of tallow, in the 
recovery of fatty acids from soap suds, for destroying vegetable fibres in mixed 
fabrics, in making artificial silk, and generally in dyeing, calico printing, tanning, 
refining mineral oils, rubber refining, in making glycerol, vegetable oils, glue, 
gelatine, size, weed-killers, etc. It is employed as a chemical reagent in innumerable 
cases; it is used in some galvanic cells; as a medicine against Icad-poisoning, 
etc. It is used admixed with potassium dicliromate as an oxidizing agent. The 
C07Uientrated acid is used in purifying colza oil, benzene, petroleum, paraffin, and 
other mineral oils, in manufacturing fatty acids, organosulphonic acids, indigo, 
nitrocompounds and nitric ethers, nitroglycerol, nitrocellulose, nitrobenzene, picric 
acid, nitrotoluene, etc. It is used for drying air and gases, for producing ice by the 
rapid evaporating of water, in vacuo ; for refining gold and silver, describing copper, 
etc. The fuming acid is used in manufacturing some organosulphonates—used in 
making alizarine, cosine, indigo, etc. It is used in making explosives ; purifying 
ozokerite, making shoe-blacking, and in revivifying the spent acids from the manu¬ 
facture of nitrotoluene, nitrocellulose, etc. This subject is discussed in more 
detail in J. W. Parke’s The ConcentraXion of Sulj)hunc Acid (London, 35fi, 1924). 

Some reactions of analjrtical interest —P. Harting^^ said that sulphuric acid 
will redden litmus when only one partis present in 25,000 parts of water—or in 62,500 
])arts during an hour— vide supra, electrometric titration. Dil. soln. of sulphuric 
acid give no precipitate with dil. soln. of a silver salt, but with cone. soln. white 
crystals of silver sulphate may be deposited. A wliite precipitate is produced 
when even dil. soln. of sulphuric acid arc treated with barium chloride. P. Harting 
said that the white precipitate is produced with one part of barium salt in 79,300 
parts of w'aku’; T. G. Wormlcy said 1 : 21540 ; C. R. Freseniiis, 1 : 23,100 to 25,200; 
and F. Jackson, 1 : 25G,0(X). J. L. Lassaigne found that a soln. of potassium 
sulphate with one part of sulphuric acid in 50,000 parts of water gives a feeble 
turbidity with barium nitrate and a very feeble one with lead nitrate, with 
1 : 100,000 the former gives a very feeble turbidity and the latter none ; with 
1:200,000 barium nitrate gives a feeble turbidity in 15 minutes; and with 
1:400,000 none. J. W. Mellor has disciissed the difficulties associated with the 
quantitative precipitation of barium sulpliate in the analysis of sulphates—see 
also 8. 24, 16. A similar precipitate of strontium sulphate is produced with a 
strontium salt under conditions when the product with a thiosulphate is soluble. 
F. Jackson said that the pr<icipitak, with a strontium salt is sensitive to 1 : 8000, 
and with a calcium salt, to 1: 2000—P. Harting gave 1:310, for the calcium 
salt, and 1 :5000 for a lead salt, whereas F. Jackson gave 1 :16,000 for the lead 
salt. According to G. Deniges, the presence of the sulphuric ion in insoluble sul¬ 
phates, such as those of lead, mercurous mercury, calcium, strontium, and barium, 
may readily be shown by adding to the sulphate a 10 per cent. soln. of mercuric 
nitrate in nitric acid (1 in 100). Turpoth mineral is formed, and may be detected, 
if necessary, microscopically. Calcium and mercurous sulphates give the reaction 
immediately in the cold, strontium and lead sulphates only slowly, and barium 
sulphate only on boiling. F. Jackson said that with mercurous salts a precipitate 
is produced with one part of the acid in 1000 parts of soln. According to 6. von 
Kn^rre, a soln. of bemddiue in dil. hydrochloric acid gives a white, crystalline pre¬ 
cipitate of bejazidine sulphate in neutral and acid soln. of sulphates in the presence 
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uf ferrous, copper, cobalt, ziuc, nickel, manganese, and aluminium compounds. 
Ferric and chromic salts should be reduced before the benzidine is added. 
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P.ndi.Ttm^, Journ. prakt. Chfm.,[\),22 47,1841; ExilL Scienee ; F. Jack- 
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saigne, Journ. Chirn. Mtd., 8. 522, 1832. 


§ 32. Pyrosulphuric Acid and the Pyrosolphates 

The chemical individuality of solid pyrosulphoric acid, IL.S.^O,, is confirmed 
by the f.p. curve, Fig. 77; by the analyses of J. C. G. de Marign‘ac,i A. C. Sehnltz- 
Sellaek, and R, Weber ; and by the existence of a series of salts. The constitution 
of the acid was discussed in connection with sulphuric acid from which it appears 
that the ordinary acid is to bo regarded as a meta-compound, say met&disulpharic 
ftcid. The impure acid associati'd with more or less sulphur dioxide, or even pyro- 
Bulphuric acid itself, is included among the f umin g sulphuric acids (q.v.). 

Pyrosulphuric acid is formed wlum incompletely dehydrated ferrous sulphate 
or sodium pyrosulphate is heated to redness; 4 FeS 04 +H 20 ==H 2 S 207 -f 2 SO 2 
-|- 2 re 203 . A. C. Schultz-Sellack made it by mixing fused sulphur trioxide with 
the correct proportion of sulphuric acid. J. C. G. de Marignac said that this acid 
cry^alhzes from cone, fuming sulphuric acid at ordinary temp., or, according to 
r ^ many recrystallizations, the crystals were found by 

o; Schultz-SeUack to melt at 35°; R. Auerbach gave 

32mo ; and R. Kmetsch, 36° for the m.p.-uufc Fig. 77 . R. Auerbach found the 
mean sp. ht. of the liquid to be 0-291; the heat of fusion 17-9 Cals.; and the mol 
lowering of the f.p. 10-5°. According to A. V. Scbultz-Sellack, the dry crystals 
do not exert an appreciable vap. press, of sulphur trioxide, and are not decomposed 
by dry air. The molten acid is very liable to undercooling, but the undercooled 
Iiqui.J at ordinary temp, does show an appreciable vap. press, of the anhydride ; 
and at a higher temp it dissociates into sulphur trioxide and sulphuric acid. -This 
indicates that the acid dissociates when fused. J. Thomsen gave 26-9 Cals, for the 
heat of soln. of JHaSaOy-hieOOHaO. In the electrolysis of pyrosulphuric acid with 
aluminium electrodes with a current of 200 volts and 200 ohms external resistance, 

fhh and the apparatus was placed in 

the dark, sulphur trioxide is di^ngaged in the cold and, unlike the case with sulphuric 
acid (g.«.), sparking ceased after 14 minutes. For the alleged hydrates o/pyro- 
sulphunc acid, mde supra, the hydrates of milphiiric acid. 

io selenium dissolves in pyrosulphuric acid and 

13 at the same time slightly oxidized, the green soln. gradually turns yellow. Tel- 
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lurium behaves similarly, forming a red soln. which gradually turns brown. Accord¬ 
ing to E. Divers and T. Shimidzu, copper and mercury dissolve in pyrosulphuric 
acid when the mixture is treated with water, the sulphates are precipitated, and 
the liquid holds sulphur dioxide in soln.; copper forms cuprous sulphide and some 
cupric sulphate ; tin produces a blue soln. presumably owing to the formation of 
the hemitrioxide and stannous sulphate. The blue colour is discharged when the 
liquid is diluted. For other properties, vide fuming sulphuric acid. 

H. Rose 2 found that powdered ammonium sulphate slowly absorbs a litth' 
vapour of sulphur trioxide, forming a product which melts when heated, and then 
decomposes like ammonium hydrosulphate (q.v.). H. Schulze made ammonium 
P5rrosalphate» (NH4)2S207, by treating ammonium sulphate with liquid siilphui 
trioxide and afterwards driving ofE the excess of trioxide by warming the product 
on a water-bath ; he also prepared the same compound by the action of chloro- 
sulphonic acid on ammonium tSidphatc : ClHS03^-(NH4)2S04~(Nl-l4)2S207-f HCl. 
Th(' product was heated to drive off the excess chlorosulpbonic acid, but not 
enough for fumes of sulphur trioxidc. The cooling of the molten mass furnishes a 
crystalline mass which is never quite free from chlorine. This method was used 
by H. Schiff for the potassium salt. Ammonium pyrosulphate cannot be prepared 
by iieating the hydrosulphate, though the method is applicable to the alkali pyro- 
Kulphates, although J. Baum found that if the ammonium hydrosulphate be heated 
in vacuo io 200 % 32 <y', it forms the pyrosulphate—at atm. press., the pyrosulphate 
would decompose. Ammonium pyrosulphate can be melted without decomposition, 
and on cooling it forms a white, crystalline mass ; it rapidly dcliquesc(*s in air, and 
the resulting liquor deposits crystals of the hydrosulphate. 

According to D. A. Roseristiehl, sodium pyrosulphate^ Na2S207, n*main8 as a 
residue in the preparation of pyrosulphuryl chloride by the action of anhydrous 
sulphuric acid on sodium chloride, and M. Dietzenbachenr said that tliis salt occurs 
in some varieties of commercial fuming sulphuric acid. R, Weber observed that 
when sodium sulphate is treated with sulphur trioxide above 150 ®, polysulphates 
are not formed, and sodium pyrosulphate appears ; some pyrosulphate, mixed 
with sulphate, is also formed w’hen sodium hydrosulphate is heated to 315 ®, and 

J. Baum obtained it by heating the. hydrosulphate in vacuo at 2 G 0 ®- 320 ® : 
2NaHS04^H20+Na2S207. H. Schulze prepared the salt by the action of an 
excess of chlorosulphonic acid on sodium sulphate and subsequently distilling off 
the excess of acid. A. C. Schultz-Sellack said that this salt is formed, accompanied 
by the hydrosulphate, when a soln. of normal sulphate in fuming sulphuric acid 
is allowed to crystallize. L. Cambi and G. Bozza said that only direct synthesis 
from anhydrous sulphates and sulphur trioxide furnishes the pure salts. The 
dehydration of the hydrosulphate does not proceed to completion, even under 
reduced press., or in a current of sulphur trioxido vapour. Sodium pyrosulphate, 
continued L. Cambi and G. Bozza, forms lustrous, translucent, white crystals of 
sp. gr. 2*658 at 25 ®/ 4 ®, and m.p. 400 * 9 ®. In moist air, the salt soon forms a cone, 
soln. of sodium hydrosulphate. A. C. Schultz-Sellack found that at a red-heat 
sodium pyrosulphate gives off sulphur trioxide, forming the normal sulphate, 

K. Robl observ^ no fluorescence with the salt in ultra-violet light. The system 
Na2S207.H20~Na2S207, or (NaHS04)2”}--Na2S207, is very liable to supercooling. 
The eutectic at 182 * 7 ® contains 6*8 molar per cent, of the pyrosulphate, Fig. 100. 
The hydrosulphate melts at 185 * 7 ®. The pure pyrosulphate, and all mixtures 
containing it in greater proportion than 10 per cent., are greenish-yellow when 
liquid. A. C. Schultz-Sellack was unable to prepare sodium hydrosulphate, 
NallSgOT. 

D. A. Roseustiehl obtained potassiom pyrosulphate, K2S2O7, as in the analogous 
case of the sodium salt. A. C. Schultz-Sellack prepared the salt by heating to dull 
redness a mixture of equimolar parts of potassium sulphate and sulphuric acid. 
The combination occurs at 400 ® in a current of air, P. L. Geiger, and V. A. Jacque- 
lain also obtained i)otas8ium pyrosulphate by the action of cone, sulphuric acid on 
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potassiuiii sulphate or nitrate. H. Rose said that sulphur trioxide docs not unite with 
jK)taasiuni sulphate at ordinary temp., but A. C. Sehultz-Sellack did not agree with 
this, he found it better to work at a higher temp., and M. Berthelot recommended 
1 HO'’. J. Baum obtained the salt as in the analogous case of sodium p>u‘Osulphate ; 
and H. SchifI, by the action of chlorosulphonic acid on the sulpliate, or of potassium 
chlorosulphonate on the hydrosulphate: KHSO4 ^ HCI+K2S2O7. 

A. C. Sell lilt z-Sellack found that potassium pyrosulphate furnish(‘S acicular ciystals 
of sp. gr. 2 * 277 , and m.p. 300 ^*. V. A. Jacquelain gave 210° for the imp.; while 
L. Cambi and G. Bozza said that the salt crystallizes in trans})arent, coiourles.s 
prisms of sp. gr. 2*512 at 2571 °, and m.]). 414 * 2 °. On cooling, the solid undergoes 
a polymorphic transformation from y-Ko8.207 to ^-K2S207 at 315 °, Fig. 101, forming 
an opaque, porcelainic mass ; a second transformation from j8-K2S207 to a-K2S207 
can be detected thermally at 225 °. The a-form is the stable' variety below 225 °. 
Both changes are frequently acconqianied by marked undercooling, and usually 
proceed slowly. The molten salt solidifies to a crystalline mass. V, A. Jacquelain 
said that the hot, sat., aq. solm deposits crystals of the salt unchanged, but 
A. C. Schultz-Sellack could not confirm this statement. L. Carabi and ( 1 . Bozza 
found that the system K2S207.n20-K2S207, / c. (KH804)2~K2S207, forms a eutectic 
at 201 * 2 ° and 14 molar per cent, of the pyrosulphate, Fig. 101 . The polymorjiliic 
transformations of the pyrosulphate m the mixtures may escape detection owing 
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Fig. 100.—Freezing point Cur’.e of the Fro. 101.—Freezing point Curvos of the 
Binarj^ System ' Nu 2 H 207 “(NaHS() 4)2 Binary System : K 2 Sa 07 -(KHS 0|)2 

to the sluggishness of the changes at low temp. M. Berthelot found that when 
the salt is dissolved in water, heat, 1*19 Cals, per mol, is first absorbed, and 5 ~G 
minutes later, beat, 0*58 Cal. per mol, is given off due to the pyrosulphate decom¬ 
posing into the hydrosulphate. The heat of formation, (K2S04,S03)- =13 Cals. ; 
and the heat of hydrolysis, H204 K2S2O7 ™2KH>S04+4*30 Cals. E. Drechsel 
said that the pyrosulphate reacts with the hydrosulphide, forming hydrosulphate 
and thiosulphate : K8H+K2^%G7 K2S2O3 f KHSO4 ; with sodium cthoxide, 

potassium ethyl sulphate is formed. According to A. C. Schultz-Sellack, a soln. 
of the pyrosulphate in cone., fuming sulphuric acid deposits columnar cr}^stals 
of pota^fun hydropyrosolphate, KHS2O7, which melt at 168 °; a crystallim' 
mass is formed when the liquid cools. This salt does not fume in air, and is not 
decomposed in a current of air. 

According to R. Bunsen, and H Erdmann, wdien rubidium hydrosulphate is 
melt<‘d at dull redness, some nibidiam pyrosulphate, Rb2S207, is formed; and 
R. Weber obtained the salt by heating thepolysulphate—R. Wi'ber prepared csesium 
pjrrosttlphate, C82S2O7, in a similar manner. K. Weber obtained silver P3rr0Sulphate, 
^^2^207, by heating a mixture of molar jiroportions of silver sulphate and sulphur 
trioxide in a sealed tube until the mixture had melted. H. Schulze said that the 
salt can be melted without decomposition. He also yirepared calcitun pyro* 
sulphate, (/aS207, by adding finely-divided calcium sulphate to melted sulphur 
fno.vide. The product is very hygroscopic, and by contact with water produces 
a husMiig noise. The analogous strontium pyrosulphate, SrSaO;, wiis prepared in 



SULPHUR 


447 


a similar way; and likewise also barium P5ri0salphat6, BaS^Oy. This salt was 
obtained by H. Struve by evaporating lor crystallization a soln. of 15*89 parts 
of barium sulphate in KX) part .8 of fuming sulphuric acid; and by A. 0. Schultz- 
Sellack, by triturating a mixture of the two components, and warming the product 
uj) to 150' . 

H. Schulze prepared magnesium pyrosulphate, MgS 207 , by the method used 
for the calcium salt: and likewise also zinc P3rrOSUlphate, ZnSAly, R. Weber 
]>repared thallous pyrosnlphate, TI 2 S. 2 O 7 , by heating the octosulpliatc to its m.]). 
H. Schulze prepared lead pirrosulphate* PbS 207 , as in the case of the calcium salt. 
H. Ditz and F. Kanhiiuscr said tliat probably this salt is present in a soln. of lead 
sulphate in fuming suljdniric acid. J. J. Berzelius obtained crystals of nranyl 
pyrosulphate, (U 02 )S 207 , from a sulphuric acid soln. of uranyl sulphate, and 
A. (t Schultz-Sellack mixed liquid sulpt«' r trioxidc with a soln. of uranyl sulphale 
in an excess of cone, sulphuric acid, and found that after some time small, yellow 
crystals of uranyl pyrosulpjiatc separate out. The salt is very hygroscopic, and 
hisses in contact with Avatcr. T. Bolas reported ferrous pyrosulphate, FeSgOy, 
to be formed wlien 10 per cent, of a sat. soln. of ferrous sulphate is added to sulphuric 
aeid. As the mixture cools, a wddte ])ow*der is precipitated. This consists of 
microscopic, jirisrnatic crystals resembling those of Glauber’s salt. When exposed 
lo air, the crystals absorb water, forming minute, green, granular crystals re- 
stunbling fiTrous sulphate, but the analysis of which was said to corr(‘spond with 
Fe 804 .blLU“-presumably all had not been hydrated to the beptahydrate. When 
ferrous jiyrosiilphatii is treated wdth water, it is converted h(‘ptahydrated 

tf'rrous sul])hate which then passes into soln. 


Keperksces. 
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1873; K. Drci Journ. prakt. Chem., (2), 5. 367, 1872; H. Hobl, Zeit. angetp. Chem., 39. 
(K>8, 1926; H. Bunsen, Pogg. Ann., 113. 337, 1801 ; 119. 1, 1803; Lubigs Ann.. 122. 347, 
1802 ; 124 . 307, 1803 ; H. Erdmann, Arch. Pharrn., 232. 15, 1894 ; H. Ditz and F Kanhauser, 
Z(it. anorg. Chem., 98. 136, 1916; Bolas, Journ. Chem. S(K., 27. 212, 1874; L. Cambi and 
a. Bozza, Chim AppHcala, 13. 221, 1923; J. J. Berzelius, Pogg. Ann., 1, 359, 1824; 
SchwfiggeC s Journ. , 44. 191, 1825. 


§ 33. Polysulphates 

Som(‘ complex sshs of the alkali sul]>hates and hydrosxdphales wiili suljdiuric 
acid havt‘ bemi jireviously discussed— 2. 20, 26, K. Weber ^ prepared ammOUium 
octosulphate, (N 114 ) 20 . 880 ;,, or (N 114 ) 28 ^ 02 ( 1 , by heating dry ammonium sulphate 
and dry sulphur tnoxido in a sealed tube, ('ornbination begins at about 100 °, 
and two layers of liquid are formed. If the eomponents be heated in one limb of 
a A-tube, the excess of sulphur trioxidc can bo distilled from the one limb to the 
other. K. Weber did not succeed in making lithium oclosnlphnU\ because of the 
insolubility of lithium sulphate in molten sulphur trioxide ; and similarly with 
sodimn ocUmdphatc ; but potassium octosulphate, KoO.BSOg, was obtained as in 
Hie caH<* of the amiuoiiium salt ; but the QryC lliiic product can b(' more readily 
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purified by pouring off the liquid trioxide, melting the crystals, and again pouring 
on the liquid from the crystals, aud repeating the operation a number of times. 
Ihe salt melts at about 80°, and it slowly decomposes at the b.p. of sulphur trioxide, 
forming the pyrosulphate and sulphur trioxide. R. Weber obtained in a similar 
manner rabiditun octosulphate, RboO.SSOg, caasium octosulphate» C82O.8SO3, and 
tUElllUin pyrosulphate, TI 2 S 0 O 7 . E. Divers said that these polysulphates are 
analogous to hydrated salts. 

According to W. B. Gili‘s and co-workers, the acid sulphates obtained in the 
manufacture of hydrochloric, nitric, and acetic acids are capable of combining 
with more sulphuric, forming sodium pentasulphate, NaoO.SSOa.SHgO. The dry 
solid is capable of being transported in ordinary packages—iron drums or kegs. 
H. Neuendorf also reported r>olysulp]iates to b»‘ formed by heating alkali hydro- 
sulphates with sulphuric acid. Analogous salts were reported by A. C. Schultz- 
Sellack, and H. Leacoeur. The last-named reported tetrasulphates of the type 
R 2 O. 4 SO 3 . 6 H 2 O ; 3 R 2 SO 4 .H 2 SO 4 ; and R 2 SO 4 . 3 RHSO 4 ; as well as t}H‘ trisul- 
phates, 2 R 2 SO 4 .H 2 SO 4 , and tlie heptasulphates, 4 R 2 SO 4 . 3 H 2 SO 4 --t;n/c 2. 20 , 26. 
A. Etard’s series of double salts of iron with aluminium, chromium, or manganese, 
or of chromium with aluminium or mangam^se, or of aluminium with manganest*, 
are discussed in connection with iron, chromium, and manganese. Using A and B 
to represent the tervalent atoms, A. l^tard represc^iited wliat he called hexa- 
sulphates by the formula}: 


^2(804)^83 HSO4 A2(S04)6B,.HS04 


(H.S(>4),A2(804)B2(H8U4 


S. M. Jorgensen - prepared complex cobalt polysulphates, cobalt chloro- 
pentammmosulphatodihydrosulphate, which H. Biltz and E. Alefeld symbolize 
|Co 01 (NH 3 ) 5 ] 2 S 03 (HS 04 ) 2 . a. Benrath describ(‘d [{NH 3 ).,Ck)Cl 4 ] 4 (S 04 ) 4 (H 2 S 04 ) 3 , 

or cobalt cUoropentamminodihydrosulphate, [Co(NH 3 )A'lj(HS 04 ) 2 ; and J. Meyer 
and co-workers, cobalt bisdiethylenediaminosulphates, f 

[Co{C2H4(Nll2)2}3^^^^ ; [Co{C2H4(NHo)2}3l2{S04)3 ; f(NH3),Co('1](H804)2 : 

r(^H;j) 4 ^-^<^(J^ 2 Cl)(fe 04 ) 2 ] 2 S(^ 4 ; [(NH 3 ) 4 Co(H 20 )( 804 )jCl, which arc of the nature of 
ordinary types of amminosiiiphates or hydrosulphates. 
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§ 34. Solphor Heptoxide, and Pennlphotic Acids 

I ^ passed the silent electrical discharge through equal vols. of dry 

sulphur dioxide and oxygen, when a portion of the gas formed what he called 
n heptwide, S^O,. by a reaction which he symbolized: 

^ -f>20r+0 Sulphim tnoxide and oxygen under similar conditions 
forin the same product. In both cases, a great excess of oxygen is necessary. Cone, 
sulphuric acid under these conditions unites neither with oxygen Jr ozone. 

4^10 the reaction SO2+JO2-SO3, and 

G. BailleuI also represented the heptoxide by the action of 
of sulphur dioxide and oxygen. M. Berthelot 
. aid that sulphur heptoxide is a viscid liquid at ordinary temp., and at 0°, forms 
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opaque, elastic, needle-like crystals, rcsenibling those of sulphur irioxide, along 
with small scuh's and granules. Traces of water, nitric acid, nitroyyisulplionic 
acid, and salts from the glass vessel may retard or prevent cryslallization. The 
heptoxide melts at 0^ and it ex<‘rts a marked vaj). j)ress. at ; it cati n adily 
sublimed. The heat of formation is (2SOj,0) -13*b ( als. ; (2>S,7(),Aq,) 126d> 

Cals, ; and (280,30)- 50*6 Cals. 

According to M. Berthelot, the sulphur heptoxide can be k(‘pt at 0 ' for many 
days without change, but after some time it slowly forms sulphur trioxide ami 
oxygen ; if warmed, the change takes place quickly ; and when in contact with 
platinum-black, it develops oxygcui, 282 O 7 48 O 3 -I- 62 . The luqrtoxide de]iqu(‘sces 

in air, and forms dense fumes owing to the conversion of th(' v^apour of th(' heptoxide 
into sulphuric acid. G. Bailleiil said that the heyrtoxidc is a mixture of equimolar 
proportions of sulphur trioxi<le and sulyrhur tetroxide which has an a})j)rc(‘iable 
vap. press, below one mm. of mercury at temp, below 20’C It is formed only when 
sulphur trioxide is present in excess. By yrassing mixtures of sulphur dioxide and 
oxygen through a silent discharge tube,F. Meyer and co-workers obiaiiicd a product 
802 . 2804 , and they believe that it should be yrossible to obtain a still higher 
degree of oxidation— viz. sulphur tetroxide^ SO4. 

M. Berthelot said that the heptoxide dissolves in water vigorously with frothing 
owing to the liberation of oxygen. When a soln. of the heptoxide in dil. 
sulphuric acid is kept for some time, ayqireciablc quantities of hydrogen dioxide 
arc formed. With sulphur dioxide, dissolved in cone, sulyihunc acid, it forms 
sulphur pratoxide, 82O5, and irioxide : 8207 + 2802 = 2803 -f S2O5 ; with baryta* 
water, barium sulphate is yirecijhtated, and some barium yiersulyihate remains in 
soln. The aq. soin. of the heyitoxide which escapes decomy^ositioii acts as a 
y>owerful oxidizing agent on yxitassium iodide, sulphurous acid, ferrous sulphate, 
stannous chloride, etc. M. Berthelot added that, unlike hydrogen dioxide, an 
aq. soln. of the heptoxide does not oxidize arsenites, oxalic acid, and chromic 
acid. F. Richarz, however, said that a soln. of the heyitoxide in 70 yier '’ent. 
sulyihuric acid does oxidize oxalic acid to carbon dioxide, and any nitrogen 
<li 8 solved in the liquid to nitrogen trioxide. 

M. Tran be at first thought that in the electrolysis of 40 jier cent, sulphuric acid 
(f/.r.), a substance corresponding with 8 O 4 is produced, but M. Berthelot, and 
subsequently H. Marshall, showed that the anhydride is really the heptoxide. 
M. Traubc called his imaginary substance sulphur holoxulc, on the assumption 
that it is sulphur trioxide in which one oxygen atom is replaced by the bivalent 
Oo-radicle ; or, it can be regarded as hydrogen dioxide in w^iicli tlui tw^o hydrogen 
atoms are rey>laced by the bivalent S() 2 -radicle, sulphuryl peroxide, 802*02 As 
previously indicated, the alleged sulphur holoxide turned out to be a mixture of 
liydrogen dioxide and sulphur heptoxide. D. I. Meiideleefl regarded the hey)toxide 
as a peroxide analogous to barium or hydrogen dioxide, and he called it sulphury I 
hyperoxid^*^ or sulphur hyperoxide. 

Sulphur heptoxide can be regarded as }iersulphur(C mihydridc because it reacts 
with water, forming persulphuric acid» H 2 S 20 g: say HoO-fSoO---HoSoOg. 
M. Berthelot said that the same acid is formed by the action of hydrogen dioxide 
on sulphuric acid containing approximately H 2 SO 4 +H 2 O. ft is also formed wdien 
cone, sulphuric acid acts on some of the superoxides. It is, however, possible tliat 
the prmhict is not the same persulphuric acid as that just indicated, but rather 
another variety which is called permonosulpharic acid, 112805 , to distinguish it 
from the other acid which with the same nomenclature is called perdisulphuric 
acid» H 2 S 2 O 9 , Permonosulpharic acid is also called Carols acid^ Ho^'Of,, because 
N* Caro^ first showed that the product of the electrolysis of dil. sulphuric acid which 
M. Traube found was different from that obtained with the cone, acid, must be due 
to the presence of a different chemical individual. The ratio of the contained H 28 O 4 
to that of active oxygen in the case of perdisulphuric acid is 2 : 1 , and in the case of 
permonosulphuric acid, 1:L Again, while perdisulphuric acid slowly separates 
VOIi. X. 2 G 
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iodine from potassium iodide, with ])crmonosulpliiiric acid, iodine i« separated 
iiiiinediately. 

]t ha^ been shown— 1 . d, 0 —tint the electrolysis of very dil. sulphuric acid 
furnishes hydrogen and oxygen in the proportions 2 : 1 by vol. If tlie concentration 
of the acid is increased, a smaller and snudler pro])ortion of oxygen is formed, 
until, with 50 per cent, sulphuric acid, in the cold, the volume of oxygen is 
uitieant. M. Faraday was impressed wnth this fact in 1834 ; and H. Meidinger, 
0. F. Schonbein, R. Bunsen, A. W. Hofmann, and A. Rundspaden observed that 
at the same time, the electrolyte acquired peculiar propertiesit will oxidize 
antozone, and hydrogen dioxide. B. C. Brodie, however, showed that hydrogen 
dioxiile is not formed because the liquid wdth chromic acid or potassium per¬ 
manganate does not give the reactions characteristic of hydrogen dioxide: but 
since the warm liquid bleaclies indigo soln., and oxidixes potassium ferrocyanide, 
he said that a peroxide must be present, and, by analogy with organic peroxides, 
he 8ugg(i3ted that the product w liich is formed at the anode is peroxidized sulphuric 
acid, HoSOs. H. McLeod, and M. Berthelot confirmed those results, and the 
latter called the product Vaciie jHrsulfurique by analogy with permanganic and 
jierchloric acid. He assigned to it the formula HSO 4 J considered it to be 
related to the sulphur heptoxide which he had prepared as acid and anhydride r 
*^ 2^7 f ILO -“* 2 H 8 () 4 . M. Berthelot showed that at a certain stage in the electrolysis 
of sulphuric acid, racidc persulfunquc tends to produce a combination with hydrogen 
dioxide w hich he represented by S;> 07 . 2 H 202 . F. Richarz thought that the hydrogen 
dioxide was produced by the oxidation of water by the persulphuric acid. The 
soln. of M. Berthelot s 8207.211202 slowly liberated iodine from potassium iodide, 
whereas the soln. containing 11804 liberated the iodine from potassium iodide 
irurnediatoly. As indicated in connection with the electrolysis of sulphuric acid, the 
subject became rather confused because it was not recognized that at least two 
definite acids can be produced- permonosulphuric acid, and ])erdisulphuric acid. 
M. Berthelot s racule persulfunque is now known to be permonosulphuric acid, 
H 2 « 05 , and his imaginary complex, 82 O 7 . 2 H 0 O 2 , is known to be perdisulphuric acid, 
H 2 S 2 OQ. The term j)€rsulphuric acid and persulphate usually apply respectively 
to perdisulphuric acid and the perdisulphates. The term persulphuric acid is 
commonly used for perdisulphuric acid, and also as a general term for all the 
persulphuric acids. C. Bray suggested calling the perdisulphates peroxydi- 
sulphates or simply peroxysulphute^ ; and the permonosulphates, peroxymono- 
sxdph^es~—ih.\f^ would render it neceasary to alter the naming of the peroxvsulphates 


H. Marshall first supposed that the formula of perdisulphuric acid is HSO. 
because of the electrical conductivity of the potassium salt— 1 . 15 , 13 —and this was 

HSO4, was hence likened to permanganic acid, 
HMn04, and perchloric acid. HC'104. W. 0 .stwald’s values for the conductivity 
ot potassium perchlorate were afterwards shown to be inaccurate, and the analogy 
broke down. On the other hand, R. Lowenherz showed that the factor repre- 
senting the number of individuals furnished by the ionization of a molecule of the 
j ^ when calculated from the effect of the potassium salt on the 

t.])., and 2-3 when ca culated from the mol. conductivity. This is a closer approach 
to the value required for the mol. formula than to that required for KSO4. 

K. Lowenherz also found that the effect of sodium perdisulphate on the f.p. of 
sodium sulphate is in agreement with the formula Na^SaOg and not with Na«04. 
p aril 'f confirmatory evidence from the mol. conductivity, and 

Ln*! vTn ^ ^ ««agreement with the mol. 

l^mula for potassium perdisulphate, and with ^,820. for that of the acid. 

The^ formuhe were accepted by H. MarshaU in 1891 . 0 . A. Basin calculated 10-« 

z, z 

J. H. Kastle and A. S. Loewenhart represented perdisulphuric acid by the 
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formula HO.S 2 O 5 .O.OH, but the very slight acidity r<‘siiltiiig from O.Oll-radkles 
would probably make such an acid monobasic. F. (i. Mt likoll* and L. Pissarjcwsky 
represented the acid by the formula HO.SO 2 O.O. 8 O 2 .OH analogous with the fonnulfc 
for the pertungstatos and the permolybdates, and on th(‘ assumption that tin* 
sulphur is quadrivalent. This agrees wdth a liydrogeu dioxide structure in which 
the hydrogen atoms are replaced by HSO/'-radicles. If the electrolytic process of 
forming perdisulphuric acid involv(‘H the anodic discharge and union of two US() 4 "' 
ions, the successive stages ran be 8 yniboliz<*d (sulphur sexivalcnt) : 

() 

Sulphuric lujid. Hydrosulphate Ion. Pcrdl^ulphurjc acid 

This agrees with the formation of perdisulphuric acid by the action of hydrogen 
dioxide on two eq. of chlorosulphonic acid, observcMl b} J. d'Ans and W. Friedeiich - 
vide infra. M. Traube also r(*garded pennouosulphuric and perdisui]>huric acids 
as derivatives of hydrogen dioxide in which the hydrogen atoms are ouecessively 
replaced by the sulphonic I18(33-radicle : 

O H O -SOg — OH ()--80j —OH O-SOj^ ^ 

K O- H O SOg -OH O SO^"^^ 

Hydrogen dioxidt^ Caro’s acid. Persulphunc acid Sulphur heptoxide. 

Tlie relations of the two acids with pvro- or di-siilj)hunc acid will appear from the 
supposed graphic formula?, based on the assumption that sulphur is .''exivalent ; 

SOj.OH O-SOj.OH P-SOj.OH 

SOj.UH O-SOj.OH OH 

DittiUphuric acid. Perdisulphuric acid. (\uo’s acid. 

T. M. Lowry and J. H. West studied the equilibrium subsisting between hydrogen 
dioxide and persulphuric acid in the presence of sulphuric acid and water. If the 
reaction be H 2 O 2 + H 2804 ^^H 2 S 05 4 H^O, the equilibriiiui condition from the law 
of mass action is where C\, C 2 , ( 3 , and (\ represent the concentra¬ 

tions of the four components of the system; similarly, if the reaction be 
HsOof 2112804^1128208 f 2 H 20 , and if H 202 -f 4 H 2 S 04 

^:^H2840244'4H2^» V Corresponding values are : 



respectively. The corresponding curves are plotted in Fig. 102. The curves 
corresponding with the equations for Ki and Kn 
do not fit the obvserved data, whereas the results 
fit the curve for very well. The slight de¬ 
viations are attributed to the simultaneous for¬ 
mation of perdisulphuric acid, so that the equi¬ 
librium condition assumes the form 
==A"2(C8/(74)2 +7^4(03/04)^, where the constants 
K 2 -^ 0 ‘ 63 , and ^^ 4 =^ 10 - 96 . These important con¬ 
clusions have not been accepted, presumably 
because of the two objections: (i) The hydrogen 
dioxide was estimated by titration with perman¬ 
ganate, a process which was subsequently shown 
to be untrustworthy under these conditions of 
the experiments; and (ii) although equilibrium 
was obtained in cone, sobi., the liquids were 
diluted before the titrations were made, thus in- 
ti^oducing another equilibrium condition. H. Ahrle found no evidence of per- 
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tc'ir.i^^uiphuric acid in dil, soln. H. Palriic as.^iiiiied tJiat the hydrolysis of 
peidisulpiiuric acid proceeds via the consecutive reactions: 

- f lDSO^, with the velocity constant /;j, followed by ll 2 S() 5 ~t H^D 

- il .Oo , 112 ^ 04 , with the constant Both reactions are uniinolecnlar and irre- 
vei^iblc. With increasing cone, of suiphuric acid, both velocity constants increased 
at a rate greater than the n(‘id com;., but the ratio remained constant, 39*8. 

relation between the hydrogen-ion cone, and the velocity of reaction could be 
discovered, and the conclusion of M. G. Levi and E. Migliorini, that the undissociated 
])orsulj»huric acid, the presence of which w'ould he favoured by increasing hydrogen- 
ion cone., is less stable than its salts, was not confirmed. The experiments were 
not carried far beyond tlie time after whic h oxygen begins to be evolved, through 
the rea<'tion t n 202 “--H 2 S 04 d- 02 . This makes Garo's acid a mono- 

suljdionic acid derivative of hydrogen dioxide. T. M. LowTy has discussed the 
electronic structure —vufe supra, hyposuiphurous acid. 

A. von Bayer and \\ Vhlliger showed that pennonosulphonic acid has a 1 : j 
Juol. ratio for sulphuric acid and active oxygen, ll 2'804 : O, and that this agrees 
with the ratio re<piired for M, Trauhe's sulphury! holoxide. T. 8 . i^rice showed 
tfuit the action of the acid on potas.'>ium iodide is in agreement with A. von Bayt'r 
iUid V. \dlliger’s observations. A. Bach showed that although C'aro's acid when 
diluted does not reduce potas>iuru permanganate, yet, undiluted, it rapidly 
<iccolorizes a soln. of the latter in cone, sulphuric acid ; the titration is sharj^ly 
di^hiicd. and the whole of the oxygen of the persulphate is evolved together witli 
that due to the permanganate. The view" that a catalytic decomposition of the 
Laro\s acid here occurs, is excluded by the fact that the latter yields no oxygen 
either w'ith manganous sulphate or w'ith the liquid obtained after titrating Garo's 
acid with ])ermanganic anhydride. The existence in Garo’s reagent of a “ higher 
p<'rsul{)hiiric acid,’’ (S() 3 H. 0 . 0 .vS 03 TI) 3 , ks therefore assumed, which on dilution 
yields the acid, S 03 H.( 3 . 0 n, incapable of reducing potassium permanganate, 
in the higher arid an ozonoid grouping is probable, since Garo’s acid is formed 
on di.ssolving sodium dioxide in w^ell-cooled sulphuric acid, although, on warming, 
as shown by E. Bamberger, ozi)ae is evolved. H. E. Armstrong and co-workers 
suggested that the progressive dilution of the assumed pertetrasulphuric acid 
furnishes, by hydrolysis, a series of persulpliuric acid wdiich they called 

H 0 .S 02 . 0 .S 0 jd > H 0 .S 02 .t ) HO.O.SOa.^ 

H0.S02.0,S02.0 H0.S0,.6 HO.O.wSOg'" ^ 

FerUitrasulphiiric acid, Tcrdisulpburic add, Pcranhydro«ulplmric acid, 

H 2 OJ. 4 SO 3 . H20a.2S03. (USO*),0. 

II. E. Armstrong and T. M. LowTy suggested that Caro's acid has the formula 
H 2 O 8 . 2 SO 3 or H 2820 i,- They said that when (Jaro's acid is heated, it becomes acid, 
and the ratio of the incrca.'^c in acidity to the loss of active oxygen SO 3 : 0=1 : 2 , 
a result not in harmony with the formula H 2 SO 5 , because the salt of such 
an acid should remain neutral after the removal of the peroxidic oxygen : 
li(’aS 05 - 2 CaS 04 -f- 02 . On the other hand, if the formula be *^re 

explained: Ga 8209 -i-H 20 - (.'aSO^ f H 28 O 4 +O 2 . The anhydro-acid is assumed 
to be derived from tiie permonosuIpHuric acid: 2 H 0 ,S 02 . 0 , 0 H=H 20 

^ ( 110 . 0 . 802 ) 20 . T. vS. Price showed that if the hydrolysis occurs according to the 
equation : 1128208 -} 112^1 - H 2 SO 4 , every mol. of the permonosulphuric acid 

which is formed will increase the total acidity by an eq. amount of sulphuric acid. 
The ratio of the iodin(‘ value to the increase of H 2 SO 4 aridity should be 2-59 if H 0 SO 4 
is dibasic, and 5*18, if monobasic. With sodium hydroxide, the results agree with 
file assumption that the product is monobasic H 2 SO 4 —with barium hydroxide, 
the acid is decomi^osed. The r^-sults did not agree with the assumption that 
the degradation of the perdisuljihuric acid proceeds 2 H 2 S 208 =H 2840 i 4 +H 202 . 
According to M. Mugdan, either formula —1128209 or H 28 O 3 —accounts for the 
reaction with potassium iodide; in the one case, the reaction is H 28209 + 4 :KI 
=-2K2804-f 212 I H 2 O, and in the other case H 2 S 06 -f 2 Kl=K 2 S 04 +l 2 -f H 2 O. 
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Thi« does not decide whether (faro's acid is moiiobasir, lioSO,,, or dibasic, iUS^Oy. 
The analysis of tlie potassium salt is not conclusive, since KH8O5 would have th^* 
same ultimate composition as the salt K2S2O9.H2O ; but T. 8. Price show’ed tb<at 
tlie analysis agrees with the formula KH8()5, and not with KoS^Ocj. This agrees 
whth the hypothesis that (hire's acid is monobasic permonosiilphuric acid, H28O5, 
and that the potasvsiuin salt is KUSOs- K. Willstiitter and K. Hanenstein found 
that benzoyl chloride, (9H5.PO.Cl, reacts with the potassium salt of (hiro's acid, 
forming the benzoyl derivative. This reaction corresponds with the monobasicity 
of the acid : 


O-H 


-PCeHs.CO.CU-HCl-f 


O-SO2OK 

0--C0.CeH, 


It is ver) unlikely that this result would occur if the formula of the salt in questio)! 
were K282O9 HoO. J. d‘Ans and W. Friedcrich })rej)ared an aniline salt as a wliite 
precij)itate in ether(‘al soln. The composition agreed wdth C9H5.Nllv{.H8(J5. 
J. d’Ans and W. Friederich’s synthesis of (haro’s acid by the action of the calculated 
(pxantity of chlorosulpijonic acid, 802 ( 3 ( 011 ), on pure hydrogen dioxide in the cold : 




hci+2; 


-so,oil 

■II 


is in agreement with the view of the molecular formula 112805. Another iik) 1 . 
of chlorosulphonic acid converts the permonosiilphuric acid into perdisulphuric 
acid. Fluosulphonic acid (‘an be used in place of chlorosulphonic acid. E. Weitz 
tound that the aramouium salts of monobasic acids are mor(^ soluble in the presence 
of ammonia than in water, while with the salts of ]K)iybasic acids, the solubility is 
diminished ; by tliis test, persulphiiric acid is monob.isic or r«ither “ doubly mono¬ 
basic " (11804)2, since there are two separate nuclei in the molecule eaf'h containing 
an acid-hydrogen atom. 

The preparation of perdisulphuric acid and the perdisulphates. —F. Picliter and 
W. Bladergroeii noticed that persulphates are formed when fluorine acts on hydro- 
sulpliates. J. d’Ans and W. Friedcrich prejiared anhydrous perdisulphuric acid 
by gradually adding a mol of anhydrous hydrogen dio.vide to two mols of chloro¬ 
sulphonic acid (or fiuosulphonic acid): 2ClH8b3 [-11202* H282O8 4 - 2 HC 1 . Tlie 
hydrogen chloride is sucked from the crystals at the pump, and the mother-liijuor 
is separated by the centrifuge. The soln. obtained by mixing liydrogen dioxide 
with sulphuric acid, formerly thought to be this acid, is now regarded as the permono- 
sul])huric acid. F. Fichter and K. Ilumpert observed that ]>resumabiy perdisub 
])hates are formed when fluorine acts on a cold sat. soln. of ammonium or potassium 
hydrosulphate or sulphate : 3K2S04+F2d~2HF-=K2820s ! 3KF4-KFSO3+H2O ; 
and F. Fichter and W, Bladergroon observed that this product is formed in 
greatest amount with well-cooled 2-35ilf-H2S04, and from soln. of sulphates or 
hydrosulphates with the eq. of 44 per cent. SO4. The substance oxidizes manganous 
sulphate rapidly to permanganate, precipitates silver peroxide immediately from 
silver nitrate soln., and also oxidizes phenolphthalein to fluorescoin and other 
hydroxylated derivatives. The substance originally obtained by M. Berthelot on 
subjecting a mixture of sulphur dioxide and oxygen to the discharge in an ozonizer, 
also gives these reactions when dissolved in sulphuric acid, and it is concluded that 
the peroxide produced by fluorine is probably a sulphur tetroxide (SO4 or S2O8) 
identical with that present in M. Berthelot's substance. The work of P. Schoop, 
G. Darrieus and P. Schoop, H. E. Armstrong and G. E. Robertson, K. Elbs and 
0 . Schonherr, etc.— 7 . 47 , 4 —has shown that this acid is formed about the positive 
electrode during the charging of the lead accumulator (y.x’.). M. Berthelot observed 
that in preparing the sulphuric acid soln. of persulphuric arid it is better to use 
a small platinum wire anode than an anode with a larger surface so as to imnimizt‘ 
the possible decomposition of the persulphuric acid, by contact with the platinum ; 
and H, Marshall found that a large anode, involving a low current density ivS very 
unfavourable to the production of jierdisulphuric acid. 
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M. Bert helot considered that the formation of perdisulphuric acid is a process 
of oxidation by the hydrogen dioxide formed during the electrolysis : 2H28O44-H2O2 

~H2S20g 4-2H2O. It is true, as indicated above, that K. Elbs and 0. Schonherr, 
L. Muller and H. Schellhaass, etc., were unable to verify M. Berthelot’s state¬ 
ment tliat hydrogen dioxide is formed in the operation, but their experiments 
lasted only a few hours, whereas M. Berthelot continued the electrolysis for 
days. As shown by K. Elbs and 0. Schonherr, it is probable, however, that 
during the prolonged electrolysis the perdisulphuric acid is broken down into 
permonosulphuric acid, and then into hydrogen dioxide ; and this explains how 
the properties of the soln. vary with their concentration, and age. M. Traube 
suggested that an atom of nascent oxygen unites with an atom of oxygen in the 
sulphuric acid, forming the complex represented in the equation : 2H2SO4 + O 
~^j^6(Il2)H2~{-H20. The general opinion is that persulphate is not due to a 
process of oxidation, but rather by the union of two HS04-ions at the moment of 
discharge or bv the condensation of sulphuric acid with the loss of hydrogen. Hence, 
said H. Marshall, the formation of persulphate from sulphate by electrolysis is similar 
to the formation of tetrathionate from thiosulphate by the action of iodine. The 
tetrathionates, (MS03)282, may thus be compared with the persulphates, (M803)202, 
and the anhydrosulphatcs, (MS03)20, with the trithionates, (M803)28. If persiil- 
phuric acid be formed during the discharge of the HS04-ions conveying the current 
in soln. of sulphuric acid of the concentration employed, there is a greater opportunity 
for the formation of persulphuric acid where the HS04-ions are closely packed 
together at the moment of discharge—that is, when a high current density at the 
anode is employed. W. Starck found that the formation of persulphuric acid runs 
parallel with the presence of HS04-ion8 up to a certain concentration (40 per cent, 
acid). The poorer yield of persulphuric acid from this point onwards is probably 
due to its instability in cone, sulphuric acid soln., rather than to a decrease in the 
quantity of HS04-ions. H. Marshall accordingly stated that the conditions favour- 
yields are (i) an anode soln. containing the highest possible concentration 
of H8O4 -ions—not S04^'-ions ; (ii) a high current density; and (iii) a low temp.— 
because persulphuric acid readily decompo.ses when warmed. 

M. Berthelot examined the effect of the concentration of the sulphuric acid on the 
yield of persulphate, and F. Richarz found that the maximum yield was obtained 

acid with a high current density at the anode. K. Elbs 
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Im 


M5 
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amp. per sq. dm. 

were : 


1-20 1-35 

1-46 

1*50 

1*5.5 

— 

3*9 

32-9 

52*0 

69*6 

4*4 

60*5 

73-1 

74*5 

66*7 

20*9 

71*3 

75-7 

78*4 

71*8 


1-60 
60-1 
63-8 
65'3 


1-65 

55*8 

520 

50*8 


1*70 

40*0 


The decreased yield with acid of sp. gr. 1*50 was attributed to the persulphuric acid 
Itself taking part m the conduction of the current and being so destroyed ; it may 
also be due to the rapid conversion of perdi.sulphuric to permonosulphuric acid by 
sulphuric acid of this concentration, and the subsequent decomposition of the 
permonosulphimc amd. The more dil. the acid, the later is the period at which the 
maximuna yield is obtained. The Oesterreichische Chemische Werke recommended 
electrolyzing a soln. containing 500 grms. of cone, sulphuric acid per litre, at 20® 

u a ^ E* Miiller and 

H. obtained a maximum yield with an acid of sp. gr. 1-39 and their 

results at 6 to 16 withanacidofthisconc^andacurrentdensityof 75amps. are; 

15 
5-8 


Time 
Volts 
H,S 04 • 

HjSaOa . 
H.O* . 
Efficiency 


65*47 


30 

60 

120 

180 

240 

360 

420 mm. 

5*8 

6*8 

5*9 

6*1 

6*1 

6*1 

6*2 

0*09 

0*40 

1*38 

2*70 

4*40 

7*45 

10*62 

1*01 

3*62 

— 

8*72 

9*40 

13*62 

10*93 


— 

—- 

— 

— 

trace 

trace 


68*83 

60*98 

5015 

36*60 

17*61 

—0*70 per cent. 
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The results are plotted in Fig. 103. With a current density of 25 amps, at 12°-13°, 
the numbers were less. At first, the increase in the cone, of the persulphuric 
acid runs parallel with the decrease in the current 
efficiency; but later, the cone, of the persulphuric 
acid becomes almost constant while the current 
efficiency decreases. The permonosulphwric acid 
is responsible for the time-yield curve. J. Salauze, 

0. A. Essin, and O. A* Essin and E. Krylow examined 
the electrolytic juocess. 

W. Moldenhauer found that the higher the anodic 
potential, the greater the formation of perdisulphuric 
acid. It is suggested that the initial increase in 
current efiiciency is due to a rise in the anodic 
potential, while the subsequent fall is accompanied 
by a steady decrease in the proportion of permono- 
sulphuric acid present, in the soln. The acid, 



Fio. 103. - Tho rijne-yicld ot 
Permonosulphate and Cur¬ 
rent Ettioiency in the Elec¬ 
trolysis of Sulphuric Acid 
of sp. gr. 1-39. 


which is formed from the perdisulphuric acid, is destroyed at the anode : 
H08O5 } 20H'™H2804-^ (>2 fH20. The quantities of jiermonosulphuric acid 
formed and decomposed m unit time increase with the cone, of persulphuric 
acid. The permonosulphuric acid acts as a depolarizer, and prevents an increase 
in the anodic potential, thus diminishing the yield of perdisulphuric acid. 
K. Elbs and 0. Hchonherr found that an increased yield occurs with an increase 
in current dcnsiiij, D amp. per sq. dm., thus, with sulphuric acid of sp. gr. 1-35* 
in 50 minutes at 8° to 10": 


. 4 28 100 500 

Yield . .0*7 56*3 61*2 67*6 per cent. 

These results have been confirmed by E. Muller and H. Scliellhaass, aird others. 
A rise in tonpi'nttuje lessens the yields, and at 60° the yield is practically zero, for 
the perdisulphuric acid decomposes as fast as it is formed. W. Starck said that the 
formation of persulphuric acid is favoured by a fall of temp, in agreement with the 
probable increase of HS04-ions as the temp, falls. W. Moldenhauer found that the 
ctioling of the anode increases the yield. F. Richarz, K. Elbs and 0. Schdnherr, 
and G, I. Petrenko found that the yield is dependent on the nature of the electrodes. 
The efficiency of the platinum anode gradually diminishes as the electrolysis pro¬ 
ceeds, and at the same time the surface is roughened. This may be due to the 
oxidation of the platinum, which then acts cataljtically on the decomposition of 
(he persulphuric acid. The efficiency was found by F. Richarz to be restored by 
heating the anode to redness. K. Elbs and 0. Schonherr made a similar observation, 
and added that a freshly-prepared platinized electrode gives poor results, but 
becomes efficient after heating to redness when the surface acquires a metallic lustre. 
G. 1. Petrenko said that iridium electrodes give smaller yields than platinum anodes, 
and they dissolve more readily in the anode liquor. According to the Farben- 
fabriken vorm. F. Bayer, the electrolytic preparation of the persulphates can bo 
carried out without the addition of electrolytes or tlie use of a diaphragm if tin or 
aluminium electrodes are used. 0, A, Essin studied the effect of the cone, of 
sulphate and persulphate in the electroljrte on the current efficiency. 

K. Elbs and 0. Schonherr found that the presence of foreign substances — 
e.g. the sulphates of ammonium, potassium, aluminium, and nickel—favours the 
formation of persulphuric acid ; the sulphates of sodium, copper, magnesium, zinc, 
and chromium have no marked effect. A drop of cone, hydrochloric acid increased 
the yield from 45*0 to 69 per cent. E. Muller and H. ^hellhaass attributed the 
effect to (i) the raising of the anodic potential; and (ii) to the chemical destruction 
of permonosulphuric acid, thus preventing its depolarizing action. The presence of 
hydrofluoric acid raised tlie anodic potential and increased tho current efficiency ; 
hydrochloric acid raises the anodic potential and destroys chemically the permono- 
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suipliuric ac id ; suljdturous acid lias a good edVid because it desireys chemically 
the permouosuIpiiuTic acid : and with the sulphates indicated above, the anodic 
jH>tential is sometimes raised, an<l sometimes jovvered, and the current efficiency 
varies in a corresponding way. A. Mazznc(‘helli found that tin* yields w^ere mucn 
improved by adding a small pro])ortion of pr chloric a(*»d, or of ammonium or 
potassium perchlorate. No hydroddoric acid was formed ; and A, Muzzucchelii 
and B. Romani attributed tlu' effed to an increase in the anodic overvoltage. 
J. Sabuize tested the elhciency of dillVu’nt I'nethods of making aminonium per- 
sulphate. Witli eliromate a.s a< ee]erator m neutral soln., the ehromiurn hydroxide 
wdiich forms on the platinum cathode is very fragile, and is dissolved if the soln. 
becomes slightly acid The yield is as good at K' as it is at and tiie yield j.s 
improved if ira<‘es of ( hlorides an* present. (K\ing to the great solubility of 


amniomum ]>ersul]diate m neutral or alkaline soln., prolonged electrolysis is needed 
before the salt sejiarates. The ammonium ]‘crsulph.ite sefairates readily in acidic 
soln., and the process does not re(juin' so much attention with acidic soln. A little 
piotassium ferroeyamde as accelerator .^liglitly improves the yield, but the product is 
contaminated with a little prussian blue, wliidi is diflioult to remove. 7'he conditions 
for a 7(,)-7r) per cent, yield are: (i) a low tomj>,; (li) a cone. soln. of sulphuric acid 
corresponding with the {)resence of ammonium hydrosulpliate ; (iii) a frc.sh platinum 
anode eq. to a current den.sity of arn])S. f>er .sq. dm. ; (iv) a platinum cathode with 
the largest po.ssible current density ; and (v) the presence of a trace of chlorides. 

K. Elbs and 0. Schonhorr prepanaf perdisulphuric acid by the electrolysis of 
sulphuric acid of sp. gr. to l-oO. with or without the addition of ammoniian 
wsulphate, llie ajiparatu.s employed consisted of a divided cell formed bv a ]>orouw 
jar of 100 c.c. capacity, standing in a beaker. A cylinder of lead or pLitiniim of 
150 sq. cm. surface, surrounding the jar, formed the cathode. Tht* anode was a 
platinum wire or foil dipping into the jar. The cell was .surrounded with ici*. 
Sometime.s the arrangement w<is reversed, a ring of platinum wire in the outer cell 
forming the anorje, and a coil of lead }M]>e in the jar acting both as cathode and as 
a cooling worm. The re>^ulting anolyte after being electrolyzed overnight ^ -current, 

2 amp.; current <!ell^itv, .'.00 amp, per vsq, dm.; and *4 volts-contained 51(1 
grins, of per.MiIj.hurK* a<‘id, and 125 gnus, of sulphuric acid per litre™ no hydrogen 
dioxide was jue.senf. Jt w^as treated at (Y with the quantity of barium car¬ 
bonate m'ce.ssary to precipitate the sulphuric acid- barium ]>ersulphate is fairly 
soluide m w^atei and tiltered. The filtrate contained neither barium nor .sulphuric 
acid^ M Iraube said that the barium carbonate also decomjiosefi any permono- 
sulphuric and-lui called it sulpliuryi holoxide- which might have been present 

hydrogen dioxide and oxygen. M. Berthelot 
^ hycBo.xide in place of the carbonate; and 

a V ’ barium phosjihate. A. von Bayer and 

Jir V, Vilhger obtained perdisulphuric acid by treating a dil. 

with the calculated quantity of 

dll. .sulphuric acid. 

.. . preparation of small quantities of potassium per^ 

Hu phate oy the electrolysis of a sat. soln. of potassium 

I' Jjd I 




1 * 10 . 104 .—The Prepara¬ 
tion of Potassium Per- 


”• a to«f-tubf., .-1. Kic. 104 so that the, 
a fillwl. 'J'ho test-tube is fixed iu 

a la^e beaker by means of the wire f. A elass ovlinder » 
hxed m the test-tube by means of the wiT/ A eoH o“ 
r to dip mto the solution 


tion Of Potassium P^r- if r>otas«ium J? allowed to dip mto the solution 

disulphate. nlnn™ * sulphate as indicated in the diagnim: and a 

lot r/H ^ se that about U 

fixed within the eyJin.ler. '/’he iarge This ia 

ftoatingv-“ iced-water,” A currenfof^t^ ^ ‘ of «« ««> 

^ current of about one or two amiitVes is sent tUugh tlieUm 
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-- the fun*enf density at tliu a node i« about 100 amps, per sq. cm. Hydrogen appears 
at the cathode ; and a white crystallino mass accumulates at the anode. In about 45 
minutes the current may bo stopped, and tho white crystals of potassium persulphate 
(‘ollected on a filter paper. The salt is washed first witli alcohol and finally with ether. 

K. Elbfi recommenddcl the following process for ammonium persulphate : 

The bath consists of a porous pot of 80 to 150 c.c. capacity standiiig in a beaker. Tno 
anode liquid is a cold sat. soln. of ammonium sulphate. The anode liquid is kept approxi¬ 
mately saturated with ammonium sulphate by suspending in the anode compartment a 
small test-tube pien ed with a number of small holes, and filled with tho salt. The cathode 
liquid IS a mixture of sulpliuric acid with one or two vols. of water. The calliode is a lead 
tube coiled spirally round the porous pot, and cold water or iced water is run in a continuous 
strt'am through the tube so as to keep the temp, of the anode compartment l>etwcon 10“ 
and 20"\ The anode consists of a spiral of platinum w-ire of 1 to 2 sq. ems. surface area : 
it dips alx)ut lialf-way down in the liquid contained in tlie porous pot. The current eanplr. ved 
is 5 to 10 amps, giving an anode current density of 500-1000 amps, per sq. dm. Dunng 
the elcxstrolysia, a current of highly ozonized oxygen is slowly evolved at the anode. From 
time to time, alter intervals of three or four hours, the electrolysis is .stopped, and thf' 
contents of tho porous pot filtered through glass wool ; the crystals thus separated an» 
dried on a porous plate, whilst tho filtrate is shaken witli crystallized ammonium .sulphati^ 
and thus again saturated, after which it is poured back into the porou-s pot. Tlio liquid 
in the cathode portion of the cell liocornes neutralized as a result of the migration of sul¬ 
phuric iU'id anions away from it and that of ammonium-ions into it, and before it becomes 
alkaline must be syjihoned off and replaced by fresh sulphuric acid. On the other hand, 
the anode liquid liecomes poorer in ammonia and more concentrated in sulphuric acid, on 
accoimi of the migration of tlie ammonium ion out of it and that of the sulphuric acid 
anion into it; this alteration is not comperusated for by the separation of ammonium 
fiorsulphate and tho oecfisional sfitiiration of the soln. with ammonium sulphate ; it is 
(‘onsequently nece.ssary about every two operations to add to the anode liquid by means of 
a funnel witli a capillary tube, with cooling, a quantity of ammonia, saturated with 
nrnmonium sulphate, sufliciont nearly to neutralize the free acid, "Jhe precipitate wlucli 
IS thus formed consists of ammonium perKuIphate, and is poured witli the liquid into 
the porous pot. At the first operation the separation in the porous pot is rather small, 
at tlie later ones considerable, sini'e it is necessary for the liquid to become saturated 
with ammonium persulphate before a separation of the solid salt can commenee ; in 
the later opfTations this is the ease at the start. W hen the experiment is finished, the 
anode liquid is oitlier preserved for later experiments, or the persulphate contaiii(*d 
in it is recovered in tJie form of a crystalline precipitate of potassium persulphate by 
careful additic/n of a moderately cone. soln. of potassium carbonate. It is very important 
before each experiiiient to wash tlio anode with water and heat it to glowing. The curremt 
efficiency exceeds 70 per cent., the yield of material 60 per cent. The raw pixiduct contains 
as chief impurity about 5 per cent, of ammonium sulphate ; the salt can bo obtained 
crystallized in a pure and fine condition, although necessarily with considerable loss, if water 
at 50^* is quickly saturated with the salt and then allowed to cool slow^ly to a low temp. 
Ammonium persulphate can bo preserved from decomposition onl}^ in completely dry 
condition. For the quantitative determination, the soln. of persulphate is poured into an 
excess of strongly acid ferrous ammonium sulphate, and the excess of ferrous salt titrated 
back with pennonganate. It must bo observed, howov^er, that, in the cold. IMohr’s 
salt is not raomont/arily oxidized by the persulphates, but that tho reaction takes several 
minutes, as indicated by M, le Blanc. In the pit^paration of persulphates, hydrogen 
dioxide and its derivatives are also formed in tho anode chamber ; these can be doiennined 
directly by means of permangiwiate. In order, therefore, to follow the course of tho 
electrolysis, samples of the anode liquid are titrated first with permanganate, then reduced 
with ferrous ammonium sulphate and titrated back with permanganate ; in this way the 
first determination gives tho content of hydrogen dioxide, and the second that of 
persulphate. With the apparatus described above and under the same conditions, 
potassium persulphate can also be prepared. In consequence of tho difficult solubility of 
potassium sulphate the method is not very satisfactory ; but, on account of the still smaller 
solubility of potassium persulphate, it is simple and effective. 

According to W. Moldenhauer, in the electrolysis of sulphuric acid of sp. gr, 
F45 or less, the yield of persulphuric acid is improved by cooling the anode to —2'', 
whilst with more cone, acids it is diminished ; these results seem to depend on the 
cone, of the H804-ions present. In the preparation of ammonium persulphate a 
small improvement in yield is obtained by cooling the anode to -*“2^, In the pro¬ 
longed ekctrolyisis of sulphuric acid, E. Miiller and 11 . Emslander found that the 
final concentration of perdisulphuric acid is greater, the greater the current density, 
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but. the final cone, of permonosulphuric acid is independent of current ejensity. 
The total cone.—perdisulphuric and permonosulphuric acids—increases to a 
maximum in the course of the electrolysis ; but whilst the cone, of permonosulphuric 
acid increases continuously up to a stationary state, that of perdisulphuric acid 
attains a maximum, and then falls to a constant value. E. Muller and 0. Fried- 
berger examined the effect of various electrolytes, and of additions to the electrolytes 
used in the preparation of ammonium or potassium persulphate. They employed 
an individual cell with a current density of 48 amps, per sq. dm., at 7° to 8 *^. A sat. 
soln. of potassium sulphate is not a satisfactory electrolyte since the yield of 
potassium persulphate is small—15-2 per cent, after 1.J hrs.—and the electrolyte 
gradually becomes alkaline, and when the alkalinity has reached a certain stage, 
the formation of persulphate ceases. The presence of potassium chromate does not 
affect the yield. A sat. soln. of potassium hydrosulphate gives a 3^) per cent, yield, 
and the yield is not affected by additions of chromate. With an acid soln. of 
ammonium sulphate—when 1 c.c. is eq. to 1*6 c.c. iV-KOH -a To ])er cent, yield 
of ammonium persulphate was obtained the first half hour; afterwards the yield 
decreased because of cathodic reduction. After 7 hrs.’ electrolysis, wdien tlic acidity 
of the soln. had diminished very much, the addition of chromate decreased the 
cathode n‘duction and increased the yield to 83 per cent. An 80 per cent, yield 
is obtained with a neutral soln. of ammonium sulphate, to which sulphuric acid 
is added from time to time to neutralize the free ammonia, and to which chromate 
has been added. The voltage required without a diaphragm was 5*9 compared 
wdth the 8 volts needed when a diaphragm was used. 

M. G. Levi found that in preparing ammonium persulphate a low temp, is 
necessary. The yield in a cell wdth a current density of 25 amp. per sq. dm. began 

to diminish from 60-8 per cent, at 30" to 53-7 per cent, 
at 40"" and 40*0 per cent, at 50when the yield at 10^ 
was 60*0 per cent. This is due to the fact that the 
ammonium persulphate begins to decompose only at 
40"^. In studying the effect of different electrodes with 
an electrolyte containing some chromate, it w^as found 
that with a platinum anode having a ciuTcnt density 
^ 26 amps, per sq. dm., and a current density of 15 

Fig. 105.—EfTect of Hydro* amps, per sq. dm. at the cathode, the yield with a 
fluoric A(id ou tlie platinum cathode, up to 35°, was 64 per cent. ; with 
Anodic Potential of Rul- a nickel cathode, 63 per cent. ; with a lead cathode, 
P nine Acid. cent,; and with a carbon cathode, 65*9 per 

cent. An anodic current density vaiying from 6 to 50 amps, per sq. dm. had 
very litth* influence on the yield. The Konsortium fiir <dektrochemische Industrie 
observed that the deposition of chromic oxide on the cathode is uncertain, 
and, at 10 °- 20 °, the deposit consists of chromium metal which is no use as 
a diaphragm. E. Muller observed that with an anodic current density of 
20 amps. }>er sq. dm., the addition of 20 vols. per cent, of hydrofluoric 
acid to a soln. of potassium hydrosulphate increased the yield of persulphate 
from 5(> to 80 per cent.; and in the case of sodium hydrosulphate, from 1 to 28 
per cent. The anodic potential, measured against a 0’l2V'-calomel electrode, with 
a current density of 0-5 amp. per sq. dm. rase as indicated by the cur/e, Fig. 105, 
when hydrofluoric acid was added. The addition of sulphuric acid produced no 
rise of potential so that the increase with hydrofluoric acid must be due to that 
acid or the fluoride-ions, and not to the increase in the H'-ions, or the acidity of 
the soln. It is supposed that in acidic soln., the permonosulphuric acid formed 
by the hydrolysis of the perdisulplmric acid, acts as a depolarizer ; and the higher 
the anodic potential, the more readily will the permonosulphuric acid be destroyed : 
H 28 O 54 20 H'—H 2 SO 4 -I 02 - 1 -H 20 , and the greater the yield of iMsrsulphate. 
0. A. Essin observed that the current yield in preparing ammonium persulphate 
is independent of the current density between 1 and 16 amps, per sq. cm. ; and, as 
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found by M. G. Levi, it is independent of the temp, between 10"^ and 30° provided 
that the soln. is kept sat. with sulphate. Within the above ranges of anodic 
current densities and temp., the current yield is given by 100CV(^ 1 —^ 2 ) per cent., 
where Ci and 0^ respectively denote the cone, of sulphate and persulphate. 

According to E. Muller and H. Schellhaass, in a prolonged electrolysis, the 
quantity of pennonosulphuric acid keeps on increasing until the stage is reached 
where the rate of formation of perdisulphuric acid at the anode is equal to the rate 
at which it changes to permonosulphuric acid. The current yield of perdisulphaie 
is then zero. The destruction of the permonosiilj)huric acid is of use only in certain 
cases. If the S20"8-ions remain m soln., meaning that solid persu]})hate is not 
precipitated, and the stage is reached when pordisuljdiuric acid changes into per¬ 
monosulphuric acid, the destruction of the latter, as fast as it is formed, will not 
increase the current yield of the former. On the other hand, if solid persulphate 
is precipitated before the soln. has attained that concentration when its rate of 
formation is equal to the velocity of formation of perdisulphuric acid, the maximum 
rate of formation of the permonosulphuric acid is less thtin the rate of formation 
of perdisulphuric acid, and the difTerence in the two velocities is all the greater, 
the less the solubility of the perdisulphate. Jn this case, the permonosulphuric 
acid can be advantageously destroyed by sulphurouvS acid. The speed of the con¬ 
version of the perdisulphuric acid to permonosulphuric acid increases with increasing 
acidity of the soln., and in slightly acid soln. of ammonium peniisulphate, the rate 
of conversion is so small that even in sat. soln. it does not attain the limiting con¬ 
centration where the rate of its degradation never becomes equal to its rate of 
formation. Hence, ammonium perdisulphate is readily formed in weakly acid 
soln. On the other hand, with sodium and potassium pcrsulphates strongly acid 
soln. are needed to obtain the necessary cone, of HS 04 '-ions. The low solubilities of 
potassium and sodium pcrsulphates in .strongly acid soln. favour the formation of 
these salts; but the solubilities are still great enough to lead to the formation of 
so much permonosulphuric acid that to maintain a high current efficiency, it is 
advisable to add the destroyer- sulphurous acid. H. Erlenmeyer studied the 
efTect of nitrogen, under press., on the electrotype process. 

The formation of persulphuric acid by the action of fluorine on sulphuric acid 
was discussed by E. Fichter and K. Hurnpert, F. Fisher and K. Massenez, and 
W. Bladergrocn. 

The properties 0 ! perdisolphuric acid and perdisulphates. —J. d'Ans and 
W, Friederich ^ found that the crystals of anhydrous perdisulphuric acid melt 
with a slight decomposition at about 65^ They can be kept for months at ordinary 
temp., but oxygen is slowly evolved. The crystals are hygroscopic. They are 
hydrolyzed when dissolved directly in w^ater, forming sulphuric and permono- 
suJphuric acids, but this hydrolysis can be prevented by first dissolving the acid 
in ether, and gradually adding the ethereal soln. to cold water. The potassium 
salt can be prepared from this soln. by neutralization with potassium carbonate 
or hydroxide. When the ethereal sobi. is cooled by solid carbon dioxide, a white 
complex salt, H2S208.2(C2H5)20, is formed. Anhydrous persulphuric acid 
vigorously attacks most organic substances ; solid paraffin is gradually changed ; 
and explosions may be produced with aniline, benzene, nitrobenzene, phenol, 
alcohol, ether, unless care be taken in the mixing. 

The properties of the sulphuric acid soln. of persulphuric acid, as described in 
the early literature, are to some extent confused because it was supposed that only 
the perisulphuxic acid was present, whereas both or either may have been under 
observation. K. Elba and 0. Schonherr found the specific gravity of persulphuric 
acid and of sulphuric acid to be at 1474"": 

Sp.gr. . 1 042 J 090 M5i 1-240 

HsSjOa . 7*2 15*4 23 r> 35*2 per cent, by weight 

HjSO* . e*2 13*8 21*4 33*11 

SO that Boln. of persulphuric acid are specifically lighter than soln. of sulphuric 
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acid containing an eq. proportion of acid. According to the Oesterreichische 
Cliemische Werke, persiilphuric acid can be distilled by heating its soln. 

directly under reduced press, by an alter¬ 
nating current below one ampere per sq. cm. 
The number of alternations can be as low as 50 
with carbon electrodes, but more are required 
with platinum electrodes. M. Berthelot gave 
for the heat of formation fr()m rhombic sulphur 
( 28 , 80 . 112 ,Aq.)- 316*2Cals., and(2S,70,H20,Aq.) 

247*2 Cals, rersiilphunc acid, being an endo¬ 
thermic compound, requires an extraneous source 
of eiiergv for its formatiou. Its heat of decompo¬ 
sition is'. H.S.Og.ul-RO hlLSO^^-^TLSO^./dl.O 

4 O i d4‘8 Cals.; and S 207 afj r 2 H 20 a(| 

- 21 l 2804 aq { C 13*8 CaLs. According to 
Ii.Giraii,(S 207 feoua,Aq.) - CViD. J.L.R.Mor¬ 
gan and R. H. Cnst found the extinction coclf., A, 
in the usual relation or ^—{log (/o//)}/d, wdien d denotes the depth of 

the cell ~2 cms. The results are summarized m Fig. 1 (»G. I). Vitali found that aq. 
soln. of not quite pure persulphates show a bluish-violet fluorescence. R. (doelver 
and O. Risse studied tlie decomposition of an aq. soln. exposed to X-rays. 
According to F. Kicharz, the polarization which occurs in the clectroly.si'^ of dil. 
sulphuric acid is due to tlie formation of persulphuric arid, ozone, and hydrogen 
dioxide, and it gives rise to an e.m.f. The e.rn.f. neces.sarv: to overcome }>o]ari/.,i‘ 
tion in the electrolytic cell is eq. to Pt| H 2 S 04 a,^.JJ 282 () 8 aq Ft ~o*bl j)aiij(41s 
units; and the heat developed in the reaction: H 2 ‘S 20 rtaq - 2 tL 804 a,| H G i 0*56 
DanielFs units. The agreement between the calculated and observed valuers in 
this reaction agrees with the assumption that pensulphuric acid is produced as a 
primary electrolytic process, and this is conlirmed by the high e.m.f. of the element 
Zn H 2804 aq .H 2 S 2 ^^ 8 aq Pt~2*()6 DanielFs units. According to R. Peter.s, a 
persulphate in sulphuric acid soln. is an energetic depolarizer, and it can be ad\an- 
tageously used in place of nitric acid in Bunsen's cell. F. Weigert studu'd the 
electrol}^ie reduction of soln, of potassium persulphate. 

Dil. soln. of perdisulphuric acid w^ere found by K. EJbs to be fairly stable, 
but they are slowly hydrolyzed first to permonosulphuric and sulphuric- acids ; 
and then to hydrogen dioxide and ozonized oxygen. A. von Bayer and V. Villiger, 
for instance, found that in a fresh sola, of persulphuric acid in bul{)huric acid, there 
was present 98*95 per cent, of the active oxygen as H 2820 g, and l-or) per cent, is 
H 28 O 5 ; after 8 days, these proportion.s were 93*87 and (rJ 3 , and no hydrogen 
dioxide could be detected in the liquid. K. Eibs and 0. Schonherr ob'^erved in 
another specimen: 



Fig. 106.—Kffect of U ave-Iongth 
on the Extinction Coeflicieiit of 
Solutions of Potassium Perdi- 
sulphate. 
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The more dil. the soln., the slower the rate of decomposition ; the rate of hydrolysis 
increases with the concentration of the sulphuric acid; and hydrogen dioxide 
accumnlatea if a large proportion of sulphuric acid is present. K. Elhs and 
F. Neher said that sodium, potassium, and ammonium persulphates Ciin be pre¬ 
served almost unchanged for years if kept dry and protected from sunlight. At 
ordinary temp., aq. soln. show an appreciable decomposition after some days, 
and with increasing temp, the rate of decomposition rapidly increases and is further 
accelerated by sunlight. At KKj*^, decomposition is practically complete in one 
hour, although the actual velocity varies to a consideralde extent with the cone, 
of the with the nature of the cation, the sodium salt being sorrewhat 

more stable than the potassium and ammonium salts. The addition of fdium 
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8tilf>liate diatinctly diminishes the velocity of decomposition, whilst the presence 
of 5 per cent, of sulphuric acid accelerates decomposition five to ton times. As an 
oxidizing agent, sodium persulphate is the most useful salt, and it is often 
advantageous to diminish the velocity of the reaction, and so prevent loss of avail¬ 
able oxygen evolved as gas, by adding about 20 per cent, of anhydrous sodium 
sulphate to the soln. N. K. Dhar observed that substances with high temp, coeff. 
for their thermal reactions are often sensitive to light, and in accord with this 
{Kj. soln. of potassium perdisulphate are decomposed by exposure to light, 
d. L K. Morgan and K. H. (Mst showed that the photochemical decomposition 
of aq. soln. proceeds at ,'^0° similar to the thermal decomposititin : 

f H 20 == 2 XHS 04 -f i 02 , but no evidence of the formation of any inter¬ 
mediate compounds. The photochemical decomposition proceeds according to 
a zero or linear order in the more cone. soln. with a limited light intensity and 
according to a unimolecular order in the very dil. soln. The order for the inter¬ 
mediate soln. is an accelerated unimolecular one, the value of the constants depends 
ufion the light intensity and upon the cone. The effect of gases and of the ageing 
<»f the lamp has been studied. Varying the concentTation of the oxygen produces 
no cliange in the rate of the reaction ; consequently, the reaction is not reversible. 
Hydrogen and iiitrctgfui do not accelerate the reaction. Solid potassium persulphate 
decomposes under ultra-violet radiations. 7'he velocity constant K for imimole- 
cnlar reactions with light of intensity /, with 0*()()lil/-soln. at 40'^, were O-CKKK), 
and when the intensities of the light were respectively 

and 1 . The velocity is proportional to the intensity of the light since 
kl IS virtually constant. The wave-length effective in producing the reaction, as 
well as the rt*gioii of maximum absorption of light, is in the lower ultra-violet at 
about 22/ap,: the value predict(‘d by the radiation theory is l/it. The temp, coeff. 
of the photocheruK al decomposition has the average value 1‘18, which low value 
is furtiicr evidence of the simplicity of the reaction. Within the limits of experi¬ 
mental <‘rrfu it IS the same for acid, alkaline, and alkaline potassium sulphate 
solm in full or m tiltered light. J. L, K. Morgan and K. H. Crist found that the 
mte of pliotoohemical decomposition is retarded by additions of potassium 
hydroxide, potassium suljihate, and sulphuric acid. O. Risse, and A. K, Ehatta- 
charya and N. R. Dhar studied the photochemical decomposition of the persulphates. 

As obMuved by H, Marshall, M. Berthelot, and R. Lowenherz, the thermal 
decomposition of perdisulphuric acid is accelerated by a rise of temp., but the last 
traces can be destroyed only by a prolonged boiling of the soln. C. Marie and 

L. J, Bund found that the presence of a little methyl alcohol hastens the decomposi¬ 
tion. If, then, the soln. be boiled, and the liquid titrated with standard alkali, the 
persulphate originally present in the soln. can be calculated: K 2 S 208 -f~H 20 

K 2 S 04 d“H 2 ^U 4 d“ 0 . This was done by C. Marie and L. J. Bunel, A. Kailan 
and L. Olbrich, N. I’arugi, and C. A. Peters and S. E. Moody. According to 

M. Mugdan, the velocity of transformation of perdisulphuric acid, dissolved in a 
large excess of sulphuric acid, into permonosulphuric acid is proj)ortional to the 
cone, of the perdisulphuric acid, so that the reaction is unimolecular in accord 
with H 2 S 20 «'f-H 20 -=H 2 S 05 +H 2 S 04 . The velocity constants are not very 
satisfactory because of'the varying cone, of the sulphuric acid; the higlier 
the cone, of the sulphuric acid, the higher their numerical value. L. Green and 
O. Masson showed that the velocity constant is depend(uit on the initial con¬ 
centration, so that it varies in different experiments, but is constant in any one 
of them. Assuming that the reaction proceeds according to the equation 

'HHoO— 2 HS 04 ''fJ 02 , and that it is accelerated by the H‘-ions initially 
(iresent, and which remain unchanged in concentration during the reaction, 
the accelerating influence of H'-ions is explained by assuming that at the 
dilutions employed, the great bulk of the persulphuric acid is completely ionized 
into 2H' and H 2 O 8 ", while a small proportion is converted into H* and HS 2 O 8 '. 
If this proportion be small enough, the total H’ concentration may be taken as 
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r oustant and equal to 2A, wliilst that of the is appreciably equal to A — i, 

and that of the HS^Og' itself is therefore proportional to A(A—-x), If, further, 
the 11820 / has a sufficiently high rate of reaction as compared with the 8203 ", it 
will make itself felt in spite of its small concentration, and the total velocity of the 
action will be the sum of two velocities, k^lA—x) and kA{A—x), in accordance 
with the equation already given. The resulting velocity equation assumes the 
form : dxldt^(k 2 ~Ykxa){a-~x), where k 2 -\Acia is a constant k in any given experi¬ 
ment ; a is the initial cone, of the perdisulphuric acid—mols per litre—and a—x, 
its cone, at any subsequent time /. Comparing experiments with different values 
of a, it followed that -=0-163, and Ao-4)-()l0. It was also found that, at 80^ 
for 

« • ‘ . 0-2566 0-1251 0-1237 0-0923 0-0644 

K(obs.). . 0-0527 0-0304 0*0302 0*0258 0-0210 

k (calc.). . 0-0518 0-0304 0 0302 0-0250 0-0205 

The effect of temp, is such that when a--0-124 at 70^ ^=- 0 * 0111 , and at 80^ 0*0302, 
and when a=-0*116 at 90“, A:~0*103r). The results were confirmed by observation 
on the effect of admixtures with nitric acid, and sulphuric acid of different concen¬ 
tration. With added sodium perdisulphate, or sodium nitrate, the Na*-ioiis as 
well as the H -ions exert a specific effect. T. S. Price and A. D. Denning found 
that the rate of decomposition of Ib-oA'-HoSoOg in the presence of 1 * 4^-112804 
is practically unaffected by colloidal platinum. A. Kailan discussed the decom¬ 
position of potassium persulphate by exposure to radium rays. 

Soln. of the perdisulphates gradually decompose : Ko 82 b 8 +Ho 0 = 2 Kl{S 04 

+IO 2 . The oxygen is more or less ozonized. N. Tarugi, and^M. G. Levi 
and E. Migliorini showed that potassium and sodium perdisulphates decompose 
in aq. soln. unimolecularly, and that the action is much accelerated by the addition 
of acids. The reaction itself produces an increasing acidity in the soln. so that 
the velocity should show the characteristics of an auto-accelerated reaction rather 
than those of a simple unimolecular reaction. L, Green and 0. Masson showed 
that the difficulty disappears if it be assumed that the acid sulphate produced 
ionizes only into metal and HS0/-ion3, and provides practic^illy no H’-iona ; 
otherwise expressed, that the sulphuric acid behaves like a monobasic 
acid: Na2S208+H20=2NaH804+|02, or S2CV'+H20=:2H80/ +JO 2 . With 
the same notation as before, for a soln. of sodium perdisulphate at 80^", 
dxldt===k(a-x), and for a-0*226, i*=0*(X)541 ; for a-0*125, A-O-CXlfiT? ; and 
^'^0*00533. Again, for a==0*125 at 70°, i--=0*0016; for a=0*]26 
at 80 , A;-0*00p5 ; and for a=0*130 at 90°, A:-:0*01G1. Similarly, with potassium 
perdisulphate, for a—:-0*108 at 80°, A=0*00541 ; and with ammonium perdisulphate, 
for a=^-229 at i-=0*0061. The result with ammonium sulphate was rather 
more irregular than with the other salt; this was attributed to the formation of 
tra^ of nitric acid, by oxidation of the ammonia. Analogous results were obtained 
with semium peraisulphate admixed with sodium hydrosulphate, sodium sulphate 
or sulphuric acid. The case of barium perdisulphate differs from those indicated 
_w«nprecipitation of barium sulphate, 2 BaS 208 +H 20 
— ii 2 i^U 8 -t-.JlJaC)U 4+^02 As a result the »l-curve is at first concave, in^cating 
a reaction occurs in two stages 

c . +H 2 O- 2 HSO 4 +i 02 followed by 2Ba' + 2 HS 04 'r= 2 BaS 044 - 2 H'. The 
first of these two stages is relatively slow, the second fast. The second part of the 
reai^on mvolvmg the decomposition of persulphuric acid proceeds unimoleculaxlv 
M mdica^ above. If the total cone, of the SjOg radicle at the time t is a~x, 
SS f perdisulphate wiU be «- 2 a:; and that of the perdisulphuric 

Mid If *s be the velocrty constant for barium perdisulphate; that for 
^rsulphmc acid ; and ij, that for the catalytic H -ions produced in the reaction, 
the velocity equation for the barium perdisulphate part of the reaction is : 

a—. , X 


dx / , X , V 
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It was found thal Zj - 0 - 004 <); Z'2-0‘010 : and and tlie observed and 

calculated results are in afi^recMuent. (Vmfirmatory observations were also made 
with mixtures of barium p(‘rdisulj)luite rcs{)ectively with nitrir* ucid and with 
barium nitrate. M. G. i..evi and K, Mi^liorini said that tlie presence of alkali 
hydroxide exerts a marked acc<derating action on the decomposition of the ])ersul- 
phates, but Green and O, M<isson showed that the velocity constant with the 
added alkali hydroxide is very slightly smaller, .uul that this is a(*coiiiiled for by 
the physical effect of the extra solute, but then* is no evidence of positive or negative 
acceleration by hydroxyl ions. M. (i. Levi and K. Migliorini found that platinum- 
black slowly catalyzes the decomposition of soln. of the perdisulphates ; the 
greatest eff(*ct being produced with ammonium perdisulphate. l^ead and some 
oth(‘r metals also decompose the soln. catalytically. T. S. Trice observed that 
colloidal platinum does not decompose soln. of slightly acidic or neutral 
jiotassium or ammonium perdisulphate. A. Kailan and E. Lcisek studied tin* 
v(‘locity of decomjmsition of sodium persulphate, alone and with tiu' addition of 
sodium hydrogen sulphate, sodium sulphate*, nitrate, or hydroxide, jdiosphoric 
acid, disodium hydrogen and trisodimn phosjihates, or potassium hydroxide, and 
of potassium jicrsulphatc, alone and with the addition of pota.ssiuin nitrate, potas¬ 
sium and sodium hydroxides, has been studied at 99 -T^. In the autodecomposition 
of sodium persulphate the value of the unimolecuiar coefficient decreases with 
nicreasing original cone. ; the values found art* 2 to 8 per ct‘nt. higher than those 
for potassium persulphate. The addition of a neutral suljiliato causes a larger 
decrease in the cot*!?, tlian an admixture of sulphuric acid. On comparing the 
rates of dt*coinposition of sodium and potassium persuljihates with added sodium 
or ptitassium sulphate, it follows that sodium ions retard the tlec'omposition of 
the persulphate ions to a smaller extent than potassium ions. This is verified 
by the fact that incrt>asing cone, of added sodium hydroxide tt> sodium persulphate 
causes an iricreasc in the velocity of decomposition to a greater extent than potas¬ 
sium hydroxide. Nitrate and phosphates accelerate decomposition. In the 
series of sodium persulphate <lecompositioii8 the agreement between the observed 
unimolecuiar coefficients and those calculated from an intrapolation formula 
(‘xpr(»ssed as a function of the cone, of sodium, nitrate, hydroxide, and phosphate 
(HTO4") ions, and the difference between the hydrogen- and sul])hate-ion cone., 
is fairly good. With a mixture of a 0-liV-soln. of potassium persul])hate with 
the permonosulphuric or Caro's acid can be qualitatively detected. 
In 2*7 or 14 A-sulphuric acid the amount of hydrogen dioxide present ivS 1 to 2 or 
0 to 12 })er cent, of tlie then existing Caro's acid. The unimolecuiar velocity coeff. 
for the decohijKisition of pcrsulphuric acid, with or without formation of Caro’s 
acid, is a function of the sulphuric acid cone. 

1’he persulphates so far discovered are all soluble in water, the potassium salt 
is one of the least soluble. A. K. Forster and E. F. Smith showed that in the 
series : K, lib, Cs, Tl, the solubility increases with increasing at. wt. The hydro¬ 
lytic action of waU*r in breaking down perdisulphiiric acid to permonosulphuric acid 
and to hydrogen dioxide has been previously discussed. A. Pietzsch and G. Adolph 
based a process for the pn^paration of hydrogen dioxide on this reaction. T. S. Price 
showed that potassium perdisulphate probably reacts very slowly with hydrogen 
dioxide in aq. soln., the reaction being represented by the equation . H2O2 1 K0S2O5 
—2KHSO4-PO2. J. H. Kastle and A. 8. Loevenhart said that potassium perdi¬ 
sulphate is transformed by iiydrogeii dioxide into the salt of permonosulphuric 
acid, which, under the influence of colloidal platinum, gives off oxygen, and reforms 
the perdisulphate. T. 8. Price said that the speed of decomposition of hydrogen 
dioxide by platinum is only slightly increased by the addition of persulphates. 
T. 8. Price and A. D. Denning said that the acceleration of the speed of decom¬ 
position by colloidal platinum is probably proportional to the amount of persulphate 
added; the effect of the persulphate is mainly catalytic, for it is itself only slightly 
decomposed. The deebmposition of hydrogen dioxide k also accelerated by free 
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persulpburic acid, hut the latter is itself decomposed, probably by interaction \\itli 
the hydrogen dioxide: H202+IR820g—2II2SO4+O2— vide infra, the action of 
})ermanganates. According to J. A. N. Friend, the reaction with the persulphates 
HI the absence of platinum is j)robal>ly unimolecular, and there is an unstable 
intermediate compound formed, ^aHoO^ i which was 

isolated in an impure state. T. S. Price also found that the mol. depression of the 
f.p. of soln. of hydrogen dioxide with additions of persulphate is smaller than is 
the case with water. This agrees with the hypothesis that the two compounds 
unite in soln. H. Palme showed that the velocity of this reaction increases con¬ 
siderably with decreasing cone, of acid. J. A. N. Friend’s observations that the 
reaction is unimolecular was explained by H. Palme on the assumption that per- 
inonosulphuric acid is first formed, and that this reacts with hydrogen dioxide. 
It is suggested that perdisulphuric acid does not itself react with hydrogen dioxide. 
According to R. Kempf and E. Oehler, sodium dioxide readily reacts with ammonium 
persulphate. When the dry substances are rubbed together in a mortar, the 
mixture explodes, producing thick fumes. The same result is obtained by heating 
the mixture, by passing a stream of carbon dioxide over it, or by the addition of 
a drop or two of water. The temp, at which the explosion occurs lies between 
75 *^ and HO"", and depends on the rate of heating and the amount of moisture pre¬ 
sent. The gases evolved consist of nitrogen and oxygen, but the proportions vary 
considerably in dilferent experiments. The mixture is not explosive when the 
dioxide is replaced by sodium hydroxide, or the ammonium persuljihate replaced 
by ammonium sulphate, sodium persulphate, or a mixture of the two. 

Perdisulphuric acid and its salts are powerful oxidizing agents. Soln. of hydro¬ 
chloric acid furnish chlorine; chlorides, chlorine : bromides, bromine; and iodides, 
iodine. According to H. Marshall, with potassium^iodide soln., the iodine which 
is liberated in the early stages of the reaction may be oxidized to iodic acid. 
T. S. Price ^ found that the reaction 2KJ -2X2804+12 is apjiareiitly of 

the third order, but measurements of the velocity of the reaction agree best with 
the assumption that the reaction is bimolecuiar. This probably means that the 
reaction takes place in stages, one of w+ich governs the order of the reaction, while 
the other stages proceed comparatively quickly with to ;;,^-A-8oln.; there is no 
evidence in favour of the assumption, favoured by B, Merk, that the slow reaction 
is the reduction of the perdisulphate to permonosulphate: K282^8+I^2^'^ 
-=Kn804+KHS05, and the subsequent liberation of iodine by the permonodi- 
sulphate ; nor is it likely that tlie anomaly i.s due to the oxidation of the liberated 
iodine to iodic acid. The reaction is very sensitive to the catalytic influence of 
various salt soln. There is a very marked acceleration of the reaction by copper 
and ferrous salts. In the case ol these salts, the acceleration is proportional to the 
concentration. The acceleration ])roduced by a two and a half millionth if-soln. 
of ferrous sulphate in the presence of i/-CuH04, or 'vi-ce versa, can be readily 
detected. Salts of nickel and cobalt cause a slight acceleration, but chromic acid, 
potassium dichroinate, manganese sulphate, sodium nitrite, zinc sulphate, mag¬ 
nesium sulphate, and potassium sulphate were inactive. Mixtures of ferrous 
and copper sulphates were found to cause an acceleration almost double that 
calculated additively, so that the catalytic effect of each is increased by the presence 
of the other. Inactive compounds, such as zinc sulphate, have no effect on the 
catalysis caused by copjier sulphate, but decrease the influence of ferrous sulphate. 
The addition of acid at first causes a decrease in the catalytic effect of copper 
sulphate, but a constant value is soon reached. A. von Kiss and L. von Zombory 
found that allowing for the triiodidc equilibrium, the reaction between an iodieje 
and a persulphate is of the second order involving the measurable reaction : 
82D8"+r==H208r', and the rapid reaction: 82031''+r-==r2S04+Ia. The sjieed 
of the reaction is augmented by neutral salts. With ferrous or copper salts, new 
reaction paths are opened up; thus, with ferrous salts, there is the measurable 
reaction: Fe +S208''=FeS208, and the two rapid reactions: FeSgOg + Fe*’ 
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'*--2Fe*’*“t'2S04", and 2Fe‘*'~t 2r-=“2Fe’' { L. A similar scheme explains the 
action of the copper salts. The effect of neutral salts is iiere nenrative. In the* 
presence of acids, the rate of the reaction is slightly lowered ; and in the absence 
of catalytic agents, the reaction is favoured by light. *1. N. Jlronsted, and A, von 
Kiss and V. Bruckner studied the action of neutral salts on the reaction between 
potassium iodide and persulphate. W. Federlin also studied the catalytic effect of 
iron and copper salts. K. Namais recommended the volumetric determination of 
persulphates by adding on excess of potassium iodide, allowing the mixture to stand 
12 hrs., and titrating back the liberated iodine with a standard sodium thiosulpliate 
sr)ln. The reaction was studied ]>y ( 1 . Allard, C, A. Peters and S. E. Mood\, 
(r. II. Mondolfo, F. 0 . Soper, A, von Kiss, A. von Kiss and L. Flatz, E. Jette an<I 
(‘. V. King, W. Oostveen, etc. M. Dittrich and H. Kollenbach found that tiu* 
alkali (‘hlorides, bromides, or iodides are oxidized to chlorates, bromates, or lodates 
resj>e(‘f ively when treated witli a nitric acid soln. of a persulphate in the presence 
of silv^cr nitrate. S. O. Rawling and J. W. Glassett found that the speed of the 
Tcaction between potassium iodide and persulphate is accelerated by the presence 
of g(‘latin : it is increased })y acids; and decreased by alkalies. The effect of 
the g(*latin is attributed either to an organic catalyst in the gelatin, or to the adsorp¬ 
tion c»f the reacting ions hy the gelatin particles. B. K. Mukerji and N. R. Dhar, 
and A. K. Bhatta(‘harya and N. ll. i)har studied the photochemical reaction 
Ix'tween potassium iodide and persulphate. E. Muller and W. Jacob examined 
tin* interaction of persulphates and iodates resulting in the formation of sulphates 
and piTiodates. 

i>. Vitali said that hydrogen sulphide causes a turbidity when warmed with 
a persulphate soln. W. Trailb*» found that persulphates absorb SUlphUT trioxide 
and at the same time !os(* some of their active oxygen, forming what he called per- 
pyrosiilpjfates : KoSoO^ ! 2S()3=-These compounds, typified by 
the potassium salt potassium pertetrasulphonate, KG. 802 . 802 . 0 . 0 . 802 . 800 .OK 
— fume in the air, the fumes not consisting, however, of sulphur trioxide, and they 
gra<lually deliquesce. No oxygen is evolved during the deliquescence, and the soln. 
formed contain.s considerable quantities of hydrogen dioxide and persiilphurie 
acid in varying jiroportions. When put into water the salts dissolve with violent 
liissing, and ozonized oxygen is evolv^ed ; the soln. formed contains only traces <if 
hydrogen dioxide and persulphuric acid. A. 15 acli found that when anhydrous 
sulphuric acid is mixed witli well-dried potassium persulphate there is evidence 
of the formation of Ueherschwefehdure oder Peroxi/dschwefelsdure—vide itifra, 
potassium permanganate. According to H. Palrne, when persulphuric acid is 
warmed with sulphuric acid, it decomposes with formation of Caro’s acid 
and hydrogen j)ero\i<ie : H28oOg-| H2O H2S05-f-H2S04 ; H2SO5 + H2O 

-- H2O2 \ lh)th reactions are unimoiccular, and their velocity is increased 

with increasing concentration of sulphuric acid. The velocity of the first reaction 
is about 39 times that of the second at H. Marshall found that when a slight 

excess of a persulphate is allowed to react with a thiosulphate, a tetrathionate is 
formed in accord wuth 2M282O3-I M2820g 2M2S04H-M2S406, and the reaction is 

attended by the evolutiim of muck heat. If an excess of thiosulphate is employeil, 
trithionates are formed owing to the removal of sulphur from the tetrathionate 
by the excess of thiosulphate or of its decomposition products since the soln. becomes 
faintly acid. For a time, potassium persulphate was placed on the mayket, under 
the trade-name aMhion, for use as a hypo-eliminator in photography, but the 
tetrathionate produced was found to be just as objectionable as the thiosulphate, 
and the silver image was itself attacked. M. G. Levi and co-workers found that 
selenium, and tellariam pass into soln. of potassium persulphate as anions. 

According to M. 0 . Levi and E, Migliorini,^ when aq. soln. of ammonium per¬ 
sulphate are heated at oxidation occurs even in soln. originally neutral, 

and the soln. become more and more acid, owing to the liberation of sulphuric acid, 
than the theoretical amount of oxygen is evolved, and nitric acid is formed 

'L. X. 2 11 
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ill soln. The adcUtion of increasing amounts of sodium hydroxide to the per¬ 
sulphate soln. causes the oxidation at first to diminish to a minimum, and then to 
increase indefinitely. H. Marshall and J. K. H. Inglis represented the reaction in 
tlie presence of silver salts: 8(NH4)2B20g+6H20=7(NH4)2S04+9H2S04+2HN0a. 
In the presence of ammoniii^ and a silver salt, H. Marshall found that there is no 
deposition of silver peroxide, but there is a rapid evolution of nitrogen owing to 
the oxidation of ammonia by the silver peroxide ; the action may be 
yery violent in cone. soln. The silver salt acts catal3rtically on the 
reaction: 3(NH4)2S208 -f 8NH3 ^N2+6(NH4)2S04. D. M. Yost found that the rate 
of oxidation of ammonia to nitrogen by the persulphate is directly proportional 
to the cone, of the persulphate ion and the assumed silver triammine ion; the rate 
also increases with the cone, of the ammonia, and decreases with that of the 
hydroxide ion—but not directly proportional to the former, nor inversely propor¬ 
tional to the latter. It was assumed that the oxidation process : 2 S 20 g"+ 2 NH 8 
^4S04" + N2 f proceeds by the slow stage S208" +-Ag(NHa)3‘=2804"-+Ag*“ 
d-SNHg ; followed by the fast reactions 3 Ag “f'8NH3==3Ag(NH3)2 -f-N2d'8H , 
and Ag(NH3)*>’-;-Nll3--Ag(Nn3)3*. The velocity equations are —(/[SgOg"]/* 
-=^iLS208''jlAg(NH3)2*J+A-2[8208"l[Ag(NH3)3*],where[Ag(NH3)3*]-=A[Ag(NH3)2*]- 
fNHg). These reduce to — —[S 208 "J[Ag(NH 3)2 ^^2A (NH 8 )} 

which agrees with the observed results, where Ai— 3 * 70 , and ^={A:2+A*2A^(NH3)} 
—4*5 nearly. K. Kenipf said that 88 per cent, of the ammonium salts in some 
commercial sodium persulphate was oxidized to nitric acid when the soln. in soda- 
lye was kept 4 days at ordinary temp., and 40 per cent, was oxidized to nitric acid 
when the soln, was boiled. When the silver peroxide is in contact with the per¬ 
sulphate and ammonia for several days no oxygen is evolved, and the persulphate 
is converted into nitric acid: 8Na2S20g^ ()H20 + (NH4)2S04~-=16NaHS04 
+ H2SO4+2HNO3. If the silver salt be absent, persulphates do not bring about 
tiie oxidation which must be due to the silver peroxide, and not to ozone, hydrogen 
dioxide, or permonosulphuric acid. The oxidation is not quantitative. R. Kempf 
and E. Oehler said that the fact that when an aq. alkaline soln. of ammonium per¬ 
sulphate is kept for some time the ammonia formed is quantitatively oxidized to nitric 
acid, wliercas when silver peroxide is present the main oxidation product is nitrogen, 
is accounted for Ijv the different velocities of the two reactions, the latter being 
much more rapid than the former. If the first reaction is accelerated by raising 
the temp., nitrogen is also formed. The effect of silver salts as catalysts was studied 
by C. V. King. L. Santi observed that ammonium chloride yields nitrogen and 
cidorine, or even hypochlorous acid, E. Pannain found that when hydziudlie is 
liberated from its salts by cone, potash-lye, there is a vigorous reaction: 
2K2S2O8 I N2H4.H2804-}-6K0H—5K2SO44-N2 b 6 H 20 . D. M. Yost found that 
the rate of o.ddation by persulphuric acid, in the presence of a silver salt, is pro¬ 
portional to the cone, of the S20g"-ions and the Ag(NH3)2’dons; but is only slightly 
affected by the cone, of the ammonia, and of the OH'-ions. The increase caused 
by ammonia is probaldy due to the formation of Ag(NH3)*-ion8, which are more 
active, and OH'-ions may decrease the rate of forming non-ionized Ag(NH3)OH. 
As indicated in connection with phosphorous add— 8. 50 , 17 —this acid is oxidized 
by potassium persulphate with iodine as catalyst. The phosphorous acid 
oxidation is a ve^ slow process, without the i^ine; the oxidation in the 
presence of potassium iodide is a consecutive process involving the liberation of 
iodine from potassium iodide, and the subsequent oxidation of the phosphorous 
acid. The observed results agree with those calculated from the theory of con¬ 
secutive reactions. There is a period'of induction, and the reaction between the 
persulphate und iodide is accelerated by copper or ferrous salts. M* G. Levi and 
co-workers found that aiteoic passes into soln. as an anion when treated with a 
soln. of potassium ^rsulphate, while antimony and Uamntih form insoluble oxides. 
B, Griitzner determined the persulphates by reducing the persulphate in an excess of 
a boiling alkaline soln. of anmiic Irioxide, and titrating the excess with io Mue bo|^" 

VO 
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H. Marshall 7 and co-workers showed that rminy organic colouring agents 
like indigo* tomerio, and litmus are slowly bleached by acidic or alkaline soln. of 
persulphates, while paper and doth become quite rotten after being dipped in a 
soln. of potassium persulphate. The activity of ammonium persulphate is greatly 
enhanced in the presence of silver nitrate, thus methyl orange and indigo are 
bleached. R. Kempf showed that benssene in the presence of nitric acid and silver 
nitrate is oxidized to quinone; and quinone* in turn, to maleic acid and carbon 
dioxide together with formic acid and carbon dioxide ; OXaliC acid is quantitatively 
converted to carbon dioxide without the silver salt. K. Elba and 0. Schonherr 
found that the oxidation in acidic or alkaline soln. is incomplete. P. C. Austin 
found that in the presence of a silver salt, tolueue is oxidized to benzaldehyde and 
benzoic acid, and thymol forms dith}ntnol—G. G. Henderson and R. Boyd obtained 
indefinite results with persulphate in alkaline soln. C. Moritz and R. Wolffenstein 
found that with the aromatic hydrocarbons not only arc the alkyl groups attacked 
to form carboxylic or aldehydic groups, but hydrogen is removed and the mole¬ 
cules condensed in pairs. Thus toluene forms benzaldehyde and dibenzyl: 
2 (CcH 5 ,CH 3 )+H 2 S. 208 -C 6 H 5 .CH 2 .CH 2 .CeH 5 + 2 H 2804 ; ethylbenzene forms di- 
methyldibenzyl and phenylacetaldehyde; d-xylene forms diorthomethyldi- 
benzyl; etc, N. Tarugi found potassium cyanide and persulphat-e in alkaline 
soln. in the presence of an excess of ammonia react whereby 7o per cent, 
of the cyanide is converted into carbamide by way of potassium cyanate; and 
E. Schwarzenauer, and M. Dittrich and C. Hassel found that complex cyanides like 
potassium ferro- and ferricyanide are decomposed by persulphates in the presence 
of a mineral acid, forming hydrogen cyanide and small amounts of ammonium 
salts. I. Bellucci and B, Ricca found that when persulphates are heated with 
potassium ferrocyanide, the hydrogen cyanide evolved is partly oxidized to 
cyanogen. H. Marshall, and R. Namais found that when alcohol is heated with 
a persulphate to 70^-80° aldehyde is formed. M. A. Gordon found that when a 
soln. of sodium persulphate is heated with acetic acid, or sodium acetate, carbon 
dioxide and one or more hydrocarbons—methane, ethane, and olefines—are pro¬ 
duced, for simultaneously with the oxidation, there is the catalyzed reaction : 
CH8.C00H--=CH4-fC02. R. Namais showed that many organic compounds 
capable of oxidation, particularly closed chain compounds, give up hydrogen, 
and yield sulphonic derivatives—e.^. quinol forms an insoluble sulpho-compound; 
while diaminophenol, p-phenylenediamine, and p-aminopheuol give a characteristic 
colour reaction. When a persulphate is added to a cold soln. of aniline hydro¬ 
chloride, a dark green precipitate is formed, which is insoluble in water or alcohol, 
and when treated with a soln. of sodium hydroxide or carbonate, turns dark green, 
but remains insoluble. K, Elba found that ammonium persulphate introduces a 
hydroxyl-group directly into the benzene nucleus— o-nitrophenol in alkaline 
soln. forms nitrohydroquinone; T. Kumagai and R. Wolffenstein found that 
7>-Cre80l in neutral soln. gives dihydroxydibenzyl; in alkaline soln., 3 : 4 dihydroxy- 
toluene ; and in acidic soln., 2 :5 dihydroxytoluene is formed and the methyl 
group migrates to the ortho-position; and Chemische Fabrik aiif Actien vorm. 
R. Sobering found that salicylic acid gives 2 :5 or 2 :3 dihydroxybenzoic acid; 
Farbenfabriken vorm. F. Bayer, that hydroxyanthraquinoiie gives alizarine, and 
aliisarine, purpurine, N. Caro, and the Badische Anilin- und Sodafabrik showed 
that in aci^c soln., aniline furnishes aniline black or emeraidine; in alkaline soln., 
azobeilzene and phenylquinonediimide are formed ; and in neutral so|bti., an orange- 
brown precipitate is produced. According to L. Hugounenq, uric acid is oxidized 
by ammonium persulphate at the ordinary temp., and converted into allanturic 
acid, carbamide, and glycine. In presence of an alkali hydroxide, the reaction is 
more energetic, but the products are carbamide and ammonium allanturate, the 
action being similar to that of lead or managnese peroxides, potassium perman¬ 
ganate or ferricyanide, or ozone. Allantoin is probably formed as an intermediate 
product, but if the proportion of persulphate is reduced with a view to isolate it. 
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the greater part of the uric acid remains unaltered. Bilirubin in presence of an 
alkali Ks completely and instantly converted into biliverdin, and the reaction affords 
the best method of preparing the latter. Hsematin in presence of ammonia is 
attacked in the cold, and after boiling for two or three minutes, the black solution 
becomes colourless and a jirecipitate of ferric hydroxide is formed. This reaction 
can be utilized for the detection of iron in luTmatin and probably also in haemoglobin 
and the ferruginous nucleins. Blood diluted and mixed with excess of ammonia 
IS oxidized and decolorized after a few hours at the ordinary temp, with production 
of a pale yellow liipiid and a slight ochreous precipitate. The same change is pro- 
iluced in a few minutes on heating. E. Seel studied the oxidation of aloin by 
potassium persulphate and obtained what was thought to be aloin red. Many 
alkaloids give ehararteristic colour reactions cjj. D. Vitali showed that strychnine 
is precipitat(‘d as insoluble strychnine persulphate, (C 2 jH 2202 N 2 ) 2 H 2 S 208 .H 20 , 
and hence ammonium jiersulphate has been recommended as an antidote in 
strychnine poisoning 

According to B. Moreau,^ the pcrsulphates exert a favourable influence on meta¬ 
bolic pro('ess(*s, they stimulate the appetite ; and they revive the strength of 
inv%‘ili(ls in a manner similar to arsemtes and vanadates, but they are less toxic. 
They have also been recommended as antiseptics, i). Vitali, however, observed 
that the antiscjitic action of the pcrsulphates is small, and in large doses they are 
poisonous, N. Tarugi found that the peraCnls associated with products found in 
living organisms can dissolve mercury and calomel. S. Sawa observed that soln. 
with ()• ol per cent, of persulf>liate act banefully on plants. 

M, G. Levi and co-workers observed the corrosive action of soln. of the per- 
sulphates on titanium ; and A. Bach found that in sulphuric acid soln., the 
jier^^ulphates do not give with titanium salts the yellow coloration characteristic of 
liydrogen dioxide ; if sulphuric acid be anhydrous, the yellow coloration may be 
prodm ed although no liydrogen dioxide is present. E. Knecht and E. Hibbert 
found tliat ammonium persulphate oxidizes a soln. of titanium trichloride quantita¬ 
tively, and if an exces-^ of the latter has been added, the excess can be titrated with 
a soln. of a ferric salt and the persulphate accordingly determined. 

H. Marshall found that soln. of potassium persulphate dissolve many of the 
metals illustrating the case of a metal dissolving in a soln. of a normal salt producing 
a soln. containing only normal salts. A. Bringhenti, and M. G. Levi and co-workers 
stated that all the metals they examined—Cu, Ag, Au, Mg, Zn, (\1, Hg, Al, Ti, Sn, Pb, 
As, Sb, Bi, Gr, »Se, Te, U, Mn, Fe, Ni, Co, Pd, Ft-—excepting gold and platinum, react 
with the persulphate soln., either passing directly into soln. or remaining undissolved 
in the form of oxides or basic salts. In general, the reaction is slower for ammonium 
than for potassium persulphate, probably owing to the slightly greater degree of 
dissociation of the potassium salt; in the catalysis with platinum, the tendency is 
in the opfiosite direction. In general, those metals go into soln. as anions which in 
their general chemical behaviour exhibit a marked non-metallic character, such as 
chromium, manganese, selenium, arsenic, molybdenum, etc. ; some metals of this 
tyjie, however, such as antimony, are transformed into insoluble oxides. The 
general action with these metals is hence oxidation by the persulphate witli inter¬ 
vention of water. Elements which are distinctly metallic in character pass into 
sfilution as cations, the persulphate being decomposed, sometimes with evblution of 
pi., With zinc, nickel, cobalt, etc., no gas is evolved, and in these cases the reaction 
is probably represented by Zn-f X 2 S 208 =:ZnS 04 +X 2 S 04 , or by (i) Zn+X 2 S 208 
+H 20 -Zn 0 fH 28 () 4 +X 2 S 04 , and (ii) Zn 0 fH 2 S 04 =Zng 04 -fHgO; according 
to the latter interpretation, the solution may remain neutral or become acid, this 
depending on the relative velocities of both the reactions. When gas is evolved, this 
is found to be hydrogen, at any rate for cone, persulphate soln. The reactions 
studied are, except in the cases of gold and platinum, more chemical than catalytic in 
nature. They proceed with different velocities for different metals, although the 
velocity does not always bear any evident relation to the oxidizability of the metal, 
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or to its readiness to attack by sulpliuric acid. The tendency to form double salts 
or complexes doubtless plays a part. H. Maishall found tliut with copper, a soln, 
of cupric sulphate is formed, and a slight reddish dejiohit is formed on the metal, 
(NH 4 ) 2 S 2 U 8 -}-Cu-* Cu 804 4 '(^H 4 ) 2 ^U 4 —M. G. Levi and co-workers added that 
there is a slow evolution of gas. R. Namais said that cojiper is not attacked by 
neutral or acidic soln. of the persulphates, but is rapidly attacked in the presence of 
ammonia. J. W. Turrentine found that copper behaves in ammonium persulpiiate 
soln, like a copper anode in a soln. of ammonium sulphate. K. Namais found that 
silver is gradually dissolved by either acidic or ammoniacal soln. of the persulphates. 
H. Marshall added that the reacjtion may be used in place of nitric acid for etching 
copper or silver. According to E. Groschuff, copper and copper alloys, in which the 
percentage of copper is predominant, can be coloured black by heating the metal for 
some minutes at 100 ^ in a 5 per cent. soln. of sodium hydroxide to which one per 
cent, of potassium persulphate is added from time to time until the desired colour is 
obtained. For brass and aluminium bronze, a 10 jier cent. soln. of soda-lye ih used. 
H. Marshall observed that silver is gradually corroded: j 2 Ag K 0 SO 4 

by a second reaction a black dejiosit of silver perc>xide is forrm*d : 
Ag 2 S 04 -+-K 2 ^ 2 ^ 8 +^^ 2 ^^^ 2^^^4 T 2 H 2 S 04 ~|-Ag 20 ; gold is not attacked. Accord¬ 
ing to G. I. Higson, a soln. of sodium or potassium persulphate converts silver into a 
jieroxide containing a greater proportion of oxygen than corresponds with the formula 
Ag202, whilst the acidity of-the soln. at the same time increases. When a cone. 
(20 per cent.) soln. of the sodium salt is used, the peroxide can rapidly be obtained 
in quantity, but owing to the much smaller solubility of the potassium salt the 
rei^ction with this is much slower (for example, eighteen hours) and the yiedd much 
lower, for the peroxide is unstable and decomposes continuously from the time of 
its formation. With the ammonium salt, no peroxide is formed, but tin* amraoniuin 
radicle is oxidized. When the reaction is coutiiiued for more than about one hour, 
the product is contaminated with sulphate, which is always present to a slight extent. 
The vsaine peroxide is produced when persulphates react with silver nitrate, again 
with increase in a(*idit}% but in this case the contamination with silver sulphate is 
greater. This contamination is due to the catalytic decomposition of persulphates 
by silver ions, whereby in the case of the sodium and potassium salts, the reaction 
“hH20-^2H804' { U iti immensely accelerated. The HS 04 '-ious thus formed 
react continuously with silver-ions, and as tl\eseare present in much greater quantity 
when silver nitrate is insed, the amount of silver sulphate formed is consequently 
gr(3ater in this case. Moreover, the catalytic effect increases with increase of cone, 
of the silver ions, and this again tends to produce more contamination when silver 
nitrate is used in the preparation, A possible explanation of this catalytic effect is 
the intermediate formation of silver persulphate, which then immediately reacts 
with the water: Ag 2 S 20 g-|-H 20 —>Ag 2 S 044 - 2 H'-f 0 +S 04 ". The presence of an 
oxidizable substance, such as gelatin, prevents the formation of peroxide, whilst it 
is itself oxidized ; but it does not prevent the catalytic decomposition of the per¬ 
sulphate, with formation of acid sulphate. The reaction in the presence of an 
oxidizable substance is taken to be 6Ag+88208"'+5H20-^6Ag*-f6S04''~floHS04' 
+50, The acidity is not due, as M. G. Levi and co-workers supposed, to the forma¬ 
tion of sulphuric acid simultaneously with silver oxide, but rather to the decompo¬ 
sition of the water during the reaction : S 208 "+H 20 -^ 2 HS 04 ' f0, w+ere the 
oxygen goes to the silver. The action of ammonium persulphate on silver has led 
to its use as a density reducer for negatives, a reaction discussed by H. Marshall, 
J. W, Dodgson, D. M. Yost, 0. V. King, and E. Stenger and G. Heller. 

H. Marshall found that magnesium is quietly dissolved by a soln. of potassium 
persulphate: K2S208+Mg==K2S04+MgS04, but, added M. G. Levi and co-workers, 
magnesium acts very violently with a soln. of ammonium sulphate, and ammonia 
is evolved. 0. Aschan obtained complex salts by the action of magnesium, zinc, cad¬ 
mium, iron, nickel, and cobalt on cold, aq. soln. of the alkali persulphates. H. Mar¬ 
shall found that zinc dissolves quietly as in the case of magnesium; and R. Namais 
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also observed that zinc is dissolved by neutral soln. of the ^rsiilphates. H. Mar¬ 
shall said that cadmium behaves like zinc; J. W. Turrentine said that cadmium 
bears out the analogy between chemical corrosion in soln, of ammonium persulphate 
and electrolytic corrosion in soln. of ammonium sulphate. H. Marshall found that 
mercury is rapidly attacked, forming a slight black deposit which soon gives way to a 
yellowish-white precipitate. In the presence of free sulphuric acid, a white precipi¬ 
tate only is produced, and this is also the case with soln. of ammonium persulphate. 
N. Tarugi also said that mercury is vigorously attacked and especially so by an 
ammoniacal soln, of ammonium persulphate. If the temp, of the reaction is not 
allowed to rise above 60^, the liquid deposits ammonium mercurous diammino- 
persulphate on cooling. The reactioii was studied by S. Stern. P. Neogi and 
R. C. Bhattacharyya found magnesium amalgam reduces persulphates to sulphates. 
The action of a soln. of potassium persulphate on aluminium was found by 
H. Marshall to resemble its action on magnesium, or zinc ; according to S. E. Shep¬ 
pard, if a strip of copper, brass, or bronze is dropped into a soln. of potas¬ 
sium persulphate it is blackened readily and completely, whereas if it is slowly 
lowered into the soln., blackening either does not take place or is merely a patchy 
tarnish. The oxide layer forms a soft, velvety pile which consolidates when 
rubbed to a smooth and semi-lustrous layer. The phenomenon is evidently 
associated only with the difference in the time exposure of the metal to the air-soln. 
interface, and normal blackening can be caused by mechanical or chemical protection 
of the metallic surface as it passes the interface where mol oxygen is accumulating 
as a result of the reaction : K2S208-i-H20=2KHS04-f O ; and 0-j-0=02. The 
formation of a copper peroxide is assumed to cause the oxygen interference, with 
a subsequent reduction. R. Namais showed that aluminium is dissolved by neutral 
soln. of the persulphates; and J. W. Turrentine, that the chemical corrosion of 
aluminium by ammonium persulphate is analogous to its electrolytic corrosion by 
ammonium sulphate. H. Marshall found that lead is attacked superficially since a 
protective film of sulphate appears to be formed; cobalt dissolves, forming a pink 
soln., and a slight, dark-coloured deposit; nickel sheet or wire is slightly attacked, but 
an electrolytic deposit of the metal dissolves rapidly. J. W. Turrentine observed 
the analogy between the chemical corrosion of nickel by ammonium persulphate, 
and its electrolytic corrosion by ammonium sulphate. H. Marshall showed that 
metallic iron dissolves very easily in soln. of persulphate ; with concentrated and 
slightly acid solution of ammonium persulphate the action is violent. If ordinary 
iron is used, a deposit of carbon remains. Iron is quickly attacked by the soln., 
even if it contains free ammonia, ferric hydroxide being formed ; and, as it is pro¬ 
bable that no carbon compound is produced under such circumstances, this might 
form a convenient method of obtaining the total carbon in iron analyses. R. Namais 
also found that iron is dissolved by neutral soln. of the persulphates, and, added 
J. W. Turrentine, the soln, of iron in ammonium persulphate subsequently 
deposits ferric sulphate. H. Marshall showed that platinum is not attacked 
by soln. of the persulphates; and T. S. Price added that with gold and 
platinum, catalytic reactions, resulting in the decomposition of the persulphate, take 
place very slowly; while soln. of potassium or ammonium persulphate are not 
attacked by colloidal platinum. 

Accord^ to A. Seyewitz and P. Trawitz,ii when ammonium persulphate 
reacts with the metal ozidea the ammonia may be displaced with the formation of 
the metal persulphate : 2MOH-f (NH4)2l^Og=M28208+2H20-f NHs ; or seiwjui- 
oxides or peroxides may be formed—for instance, this is the case with cobalt and 
lead hydroxides. With the sesquioxides or peroxides, part of the ammonia may be 
oxidized and nitrogen evolved, forming the corresponding sulphate—«.p. nickel 
sesquioxide and cupric oxide—or the sulphate is formed and oxygen evolved— 
e.g, the sesquioxides of iron and aluminium, or the peroxides of mercury, cerium, 
bismuth, and platinum--or complete peroxidation may occur—c.p. the hydroxides 
of chromium and manganese. 
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H. Marshall said that the most striking properties of the persulphates is their 
powerful oxidizing action whether in neutral, alkaline, or acidic soln. In uiuny 
cases, the action is probably not a direct oxidation, for a mol of the persulpimte may 
take up an atom of metal, forming two mols of sulphate. According to D. Vitali, 
persulphates decompose soln. of the metal salts, forming sulphuric acid, sulphate, 
and oxygen, with the metal chlorides barium chloride, the hot soln. forjns 
hydrochloric acid which is attacked by the nascent oxygen, forming chlorine, 
barium sulphate is precipitated. In some cases, the metal peroxhle is furoied 
—vide infra, the persulphates. II. Marshall showed that with silver salts, a 
black silver peroxide is formed: 2 AgN 034 -K 2 S 20 g=^- 2 KN 03 +Ag 2 S 208 , followed 
Ag 28208 + 2 H 20 -Ag 202 + 2 H 2 S 04 ; or 2 AgN 03 +K 2 S 20 g+ 2 H 20 - 2 KHBO 4 
+ 2 HN 03 -f Ag202. The product was examined by P. 0. Austin, who showed that 
it is probably a mixture of silver peroxide and persulphate. D. M. Yost supposed 
it to be a tervalent silver compound; and G. I. Higson made observations on 
this subject. N. Tarugi supposed that nitrous acid and silver permonosulphate 
are formed: 2 AgN 03 +K 2 S 208 -f H 20 =--Ag 2 S 05 +K 2 S 06 +HN 02 +HN 03 , while 
R. Namais said that perdisulphuric acid acts as a reducing agent on silver nitrate. 
I). Vital! showed that with barium and strontiam salts, the sulphate is precipitated 
and oxygen is evolved, and he recommended this as a means of evaluating persul¬ 
phates. G. von Knorre found that cerous salts pass into ceric salts when heated 
with persulphates, and, unlike hydrogen dioxide, an excess of persulphate in the 
presence of sulphuric does not discharge the colour. IJ. Marshall observed that soln. 
of lead salts give a precipitate of lead dioxide only after the soln. has been made 
alkaline. U. Vitali showed that basic lead acetate with the persulphates gives a pre¬ 
cipitate which turns blue when treated with acetic acid and tincture of guaiacum. 
P. Schoop said that the precipitate obtained by adding ammonium persulphate to 
lead acetate soln. is lead persulphate, but K. Elbs and 0. Schbnherr said lead sul- 
phate, and added that the pure persulphate gives no precipitate. J. R. Cain and 
J. C. Hostetter found that vanadic salts (quinquevalent vanadium) in cone, sulphuric 
acid are reduced by persulphate to the quadrivalent state. H. Marshall found that 
chromic salts are converted into chromates in acidic or alkaline soln. H. D. Dakin 
also observed that in alkaline soln. the oxidation to chromate is complete, but not so 
in acidic soln. unless a trace of silver salt be present as catalytic agent as recom¬ 
mended by H. Marshall. It is remarkable tht^t mixtures of cone, nitric acid and 
potassium persulphate do not convert chromic salts into chromates, a reaction 
effected by potassium chlorate. The conversion of chromium and chromic salts into 
chromates by the persulphates is utilized in analytical processes by F. Ibbotson and 
R. Howden, H. E. Walters, G, von Knorre, M. Dittrich and C. Hassel, R. Namais, 
H. D. Dakin, etc. The oxidation is complete and can be represented by the irrever¬ 
sible reaction i 3(NH^)2S208~f-Cr2(S04)3-{-7H20=3(NIl4)2804-f-6H2S0^-|-H2^^2^7* 
When catalyzed by silver salts, D. M. Yost showed that it is probable that a tervalent 
silver compound is formed as an intermediary: 8203 ^+Ag‘ ~ 2 S 04 '^-f Ag ‘, followed 
by 3Ag“’4-2Cr *’ + 7H20=Cr207'"-|-3Ag*+14H\ The &st stage is supposed to 
determine the progress of the whole reaction when the second stage occurs very rapidly. 
The speed of the oxidation of chromic sulphate at 25"* and 30'" is proportional to the 
first power of the cone, of the persulphate and silver ions, but independent of the 
cone, of the chromic-ion, and not greatly affected by the cone, of the H'-ion, Hence, 
-<i[8208''J/(ft==i[S208''][Ag‘J, when ifc=:0-333 at 25^ and 0*765 at 35^ This is in 
agreement with the assumption that the silver ion acts as a carrier catalyst through 
the formation of an intermediate silver compound. WTien a persulphate is treated 
with patasrium dichromate and sulphuric acid, and the liquid shaken with ether, 
unlike the case with hydrogen dioxide, the ether does not turn dark blue. D. Vitali, 
however, did not agree with this statement. H. Marshall found that when per- 
sulj^ates are added to a soln. of mangwese salts, manganese dioxide is precipitated. 
H. D. Dakin showed that the composition of the precipitate varies with the temp., 
concentration, and proportion of persulphate empoyed. H. Marshall showed that 
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tlie oxidation can be carried still fiirtlier by digesting the mixture on a water*bath 
ior some time, when a pink soln. of permanganic acid or alkali jiermanganate is 
slowly formed. The reaction is accelerated in the presence of silver salts. The 
reaction can then be utilized for the detection or colorimetric detiTiuination of man- 
ganese. A distinct coloration is jnoduced m half a c.c. of sola, containing ()*0()1 
mgrm. of manganese. The reaction was studied from the analytical point of view 
by R. Namais, H. J). Dakin, M. Dittrich and C. Hassei, II. Kunze, H. Rubricius, 
II. E. Walters, H. Wdowiszewsky, W. J. Karslake, J. V. R. 8 tehman, W. (lottsehalk, 
H. Baubigny, 0. Briehant, G. von Knorre, M. Stanichitch, J. J. Boyle, Holland, 
M. R. Schmidt, M. Orthey, etc. H. D, Dakin observed that mixtures of nitric acid 
and iiotassium persulphate do not give a precipitate of manganese peroxide from 
manganous salts, a reaction readily effected by potassium chlorate. Soln. of the 
persulphate do not decolorize the permanganates, and this fact has been utilized 
to determine hydrogen dioxide in the presence of persulphates. J. A. N. Friend 
showed that the results vary with the time occupied by the titration, with the cone, 
of the soln., and the proportion of sulphuric acid it contaius. This result is due to a 
slow reaction between the hydrogen dioxide and the persulphate in the soln. so that 
for every mol of hydrogen dioxide not accounted for by the permanganate titration, 
a mol of persul])hate disajipears : llofL j K^SoOg —K 2 y 04 | H 2 S() 4 +() 2 . T. S. JVice 
and A. du P. Denning found that the concentrations of both the hydrogen dioxide 
and potassium permanganate in a mixed soln. gradually diminish. The reactions 
observed by J. A. N. Friend may occur quickly because of tlie catalytic action of the 
manganese salt produced by the reduction of the permanganate, although 
J. A. N. Friend showed that manganese sulphate does not catalyze the reaction. 
A. Skrabel regards the effect as a case of induced or sympathetic reactions rather 
than catalysis per .v. The reaction was also studied by A. Skrabel and J. Vacek, 
and R. N. J. 8 aal— vide infray permonosulphuricacid. H. Marshall, andG. von Knurre 
showed that ferrous salts are oxidized to the ferric state : 2 Fe 8 () 4 -h(NIl 2 ) 2 ^^z ^^8 
-Fe 2 (S 04 ) 3 'f-(N 114 ) 2804 , and if ammonium persulphate is used, ammonium ferric 
alum will crystallize from the brown soln. The reaction is employed in the deter¬ 
mination of persulphates by M. le Blanc and M. Eckardt, where the excess of ferrous 
salt is titrated with permanganate. H. Marshall observed that when a persulphate 
is added to a cobalt salt, cobalt jieroxide is precipitated ; F. Mawrow' found the 
com}>osition to be (V) 3 () 4 . 3 H 2 (h and if an excess of potash-lye be present, 
forini^d. A. (^oehn an<l E. Salomon proposed to utilize the reaction 
for separating cobalt and nickel, for nickel salts give a precipitate only after the 
addition of alkali-lyc. L. Tsehugaeeff and co-workers stiulied the oxidation of 
platinum salts by perauljibates. 

Some reactions of analytical interest. —Many of the tests for persulphates 
resemble those for hydrogen dioxide; and some of the characteristic reactions 
previously indicated can be used—c.//, the action on aniline or aniline hydrochloride ; 
the action on strychnine ; etc. Unlike hydrogen dioxide, the persulphates do not 
decolorize potassium permanganate, they do not give the yellow coloration with 
titanium sulphate, or give the perchromic acid reaction with potassium dichromate 
and sulphuric acid ; nor is the yellow colour obtained with cerous salts discharged 
by an excess of j>ersulphate, although it is with an excess of hydrogen dioxide. A two 
per cent, alcoholic soln. of benzidine, furnishes a blue colour with persulphates, and 
this enables one part of persulphate per million to be detected. Cone, soln. of 
persulphates give a brownish-yellow colour, and also a precipitate which dissolves to 
a dark yellow^ liquid. Hydrogen dioxide rea(‘ts similarly only in the presence of 
proteins— e.rp milk .^2 Xhe reactions with ferrous sulphate, and potassium iodide 
can be used quantitatively, and likewise aLo the hydrolysis to sulphuric acid : 

K+H 2 O -- O - 1 " K 28 O 4 -f-H 2804 - -vide supra. 

In deterrnining the proportion of hydrogen dioxide, permonosulphuric acid, and 
perdisulphuric acid in the presence of one another, H. Palme took advantage of the 
fact that permonosulphuric acid reacts immediately with potassium iodide, whilst 
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hydrogen dioxide reacts much more slowly, and })er8ulphuric acid slowest of all. 
A sam])le of the soln. is mixed with potassium iodide and titrated rapidly with sodium 
thiosulphate, the time taken being noted, so that a (;orrection can be ap[)lied for the 
small quantity of iodine liberated by the hydrogen dioxide and })ersulphuric acid. 
The quantity of permonosulpliuric acid is thus found, A second sample is then 
treated with potassium iodide and titrated witli sodium sulphite, which reduces 
hydrogen dioxide. This second titration gives the sum of permonosulphuric acid 
and hydrogen dioxide. Finally, the persulpliuric acid is estimated in a third 
sample by adding the calculated quantity of sodium sulphite to reduce the other 
two compounds, and estimating the persuljjhuric acid by the ferrous sulphate- 
permanganate method. The dilution for the titrations correspond with 2*0 
grms. of potassium j)ersulphate per litre, of which 200 c.c. are titrated at a time. 
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§ 85. The Pmulphates or Perdisolphates 

H. Marshall,^ and K. Elbs showed that ammoniom persulphate, (NH4)2S20s, 
is the most important salt of perdisulphuric acid, and it is usually the starting 
point for the preparation of the other salts. Its electrolytic preparation in 
compartment cells was described by H. Marshall, M. Berthelot, and K. Elbs; 
and in a cell without a diaphragm, by E. Muller and 0. Priedberger —vide supra. 
P. Pichter and K. Humpert found that ammonium persulphate is formed when 
fluorine acts on a soln. of ammonium hydrosulphite. Ammonium persulphate 
furnishes white monoclinio crystals which, according to A. Pock, have the axial 
ratios a :b: c—1*3001; 1; 1-1885, and j3==76® 11'; and the optic axial angle 
2Jffan3s70® nearly. The salt was analysed by H. Marshall, and J. Mdller, and the 
results agreed with the formula (NH4)2S20g. The electrical conductivity, and the 
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lowering of the f.p. observed by J. Mbller, are in agreement with the same formula. 
A, P, Sabanocff showed that the salt is isomeric with hydroxylamine dithionate. 
(NH 20 H) 2 ll* 7 S 206 , J. Moller gave O-liOo' for the lowering of the f.p. of water by 
J *11'H grins, of the salt in loO-ToTb grins, of water. M. Berthelot gave for the heat 
of formation, (2S,SO,8H,2N)-Cals.; (2S,80,8H,2N,Aq.)—‘I8t3*0 Cals.; 
iH 2 S 208 aq.-i NH 3 aq.—i(NH 4 )oS 208 aq. \ 38;i*0 Cah. The heat evolved when the 
salt decomposes (NH 4 ) 2 S^> 08 -|-Ho 0 s(>a(i 2 NH 4 (HS 04)4 0 f 27 (^als.; (N 114 ) 282088010 . 
+H 2 O- H 2 S 04 +(NH 4 ) 2 S 04 +()“ f 38*4 Cals. ; and (NH 4 )oS 2088 oin -hH.C) 
“ 2 NH 4 {H 804 ) 4 - 0~1 37*1 Cals. The heat of aolii. of one part of the salt in 
125 parts of water, at 10*5"", is —0*72 Cal., and in 75 parts of water, at 12'', 
—11*80 Cals. J. Moller gave for the electrical conductivity,/x, of a soln. of an eq. of 
the salt in r litres of water : 

V . . 12-225 12-553 15-528 35-10 

ft . . 109-41 112-10 117-00 120-94 

According to K. Elbs and P. Neher, sodium, })ota 8 sium, and ammonium persuljdiates 
can be kept for years almost unchanged if dry and protected from sunlight. At 
ordinary temperatures aq. soln. show appreciable decomposition after some days, 
and with increasing temp, the rate of <lecomposition rajiidly increases, and is further 
accelerated by sunlight ; at 1 (M)\ derompiKition is practically complete in about 
an hour, though the actual velocity varies to a considerable extent with the cone., 
and the sodium salt is somewhat more stable tliaq the potassium and aminouium 
salts. The addition of sodium sulj^hate distinctly dirnini.shes the velocity of 
decomposition, wiiilst the presence of 5 per cent, of sulphuric acid increases it 5 to 
10 times. G. Agde and E. Alberti found that neither ammonium nor potassium 
persulphate, nor mixtures of these persuiphates with 10 per cent, of organic impurity 
explode or cause rajiid combustion of organic matter wdieii healed <it a steady rate. 
The organic matter is simply charred. Wooden boxes coated with paraliin are 
recommended for packing the salt fur transit. As an oxidizing agent sodium jier- 
sulphate is the most useful salt, and it is often advantageous to diminish the velocity 
of the reaction, and so prevent the formation of molecular oxygen, by adding 45 ])er 
cent, of crystallized sodium sulphate. Acconling to H. Marshall, ammonium 
persulphate is very soluble in water ; ](»(> }>arts of water at O', dissolve 58-2 jiarts of 
the salt; K. Elhs said that 65 parts are dissolved at room temp. ; and B. Moreau, 
that water, at 8 ', dis.solves 58 per cent, of the salt. E. Weitz made some observa¬ 
tions on this subject. K. Elbs said that if the salt be purified by recrystallization, 
and dried over calcium chloride, it can he kept for months without pereejAible 
decomposition, but when moist it decomposes at room temp, giving off ozonized 
oxygen; (NH 4 ) 2 S 208 +H 20 - 2 NH 4 (iI 8 () 4 ) f-O. The dil. aq. soln. when heated 
also gives off ozonized oxygen. The aq. soln. gives no precipitate with barium 
nitrate, but if boiled, barium sulphate is deposited. If treated with potassium 
carbonate, potassium persulphate is deposited ; and when the solid salt is triturated 
with a cone. soln. of sodium hydroxide or solid sodium carbonate, R. Lowenherz 
observed the formation of sodium peisulphate. H, Stamm studied its solubility 
in aq. ammonia, and found that soln. with 0 , 0*198, 0*7(K), and 1*(X)8 mols of NH 3 
per 100 grms. of water dissolve respectively 0*656, 0*964, 2*108, and 3*038 mols of 
(NH 4 ) 2 S 208 . Other reactions have bi^en discussed in connection with the general 
properties of persulphuric acid. 

H. Marshall, and C. N. Otin tried to make lithium pennil];diate 9 LigSgOg, by 
the electrolysis of a soln. of lithium sulphate in sulphuric acid at — 20 ^, but although 
the persulphate was oljtained in soln., it could not be separat^jd in the solid form. 

( . N. Otin evaporated in vacuo a filtered soln. of lithium carbonate in persulphuric 
acid ; and found that the pink, crystalline product contained about 82 per cent, of 
lithium persulphate- the remainder lithium sulphate. The salt of a higher 
degi^e^of purity was not obtained. R. Txiwenherz obtained SOdium peil1ll];ilutte» 
^ 1128203 , by triturating a cone. soln. of sodium hydroxide or carbonate with solid 
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ammonium perHulphate, and he cryntallized the salt by adding; alcohol or evaporat¬ 
ing in vacuo. It was also obtained by triturating solid, hydrated sodium carbonate 
with solid ammonium persulj)hate ; and also by electrolyzing a solii. of sodium 
sulphate as positive electrolyte and sulphuric acid as negative electrolyte, and 
neutralizing the former from time to time with sodium carbonate. H. Marshall 
found that the great solubility of the sodium salt ])revented him making it by the 
electrolytic process, although the anode liquor contained a soln. of the salt. Accord¬ 
ing to A. BlumiT, and the Yercinigte chemischc Werke, benefic ial results are 
obtained in the manufacture of sodium persulphate by Ihe addition of sirrqOe or 
complex cyanides- c. 7 . potassium ferrocyanide -m small quantities to the electro¬ 
lyte. Alkali cyanates, thiocyanates, and cyanamides produce a similar effect. 
The addition of small quantities of potassium salts causes the sodiuiri persulphate 
to separate in a granular form, and not as a paste which is purifieci only witli 
difficulty. Jt. Ldwenherz said that sodium persiilphat(‘ is very soluble m water, 
and crystalliz(‘s badly. U. Btamm studie<l its solubility in mj. ammonia. 

H. Marshall precipitated potassium persulphate, by adding potassium 

carbonate to a soln. of ammonium persulphate. H. Marshall, (\ Diosler, the 
Konsortium fiir olokirocheinische Industrie, and (1. Teichner and P. Askenasy also 
obtained it by tin* electrolysis of a sat. soln. of ymtassium siilphat(‘ in sulphiiric acid 
ri(/e supra. The salt is washed with cold water, or recrystallized by rapidly filtering 
and cooling the hot soln. H. Marshall said that the .salt furnishes small ymsms, 
or if .slowly cooled, tabular and prismatic crystals, wliich, according to A. Fo(*k, 
are triclinic prisms with the axial ratios a:h:c O : 1 : 0*5744^, and 

nL 81 ' 21', ^ 94"" If)!', and y - 91"^ If/. Twinning occurs about the ( 0 K))-plane. 

J. Moller found the lowering of the f.p. agrees with the mol. wd. it9 to 108 ; and 
11, .Marshall's analysis agrees with the formula According to 11. IVTarshall, 

the salt gives off sulphur trioxide and oxygen when heated. M. ]h‘rthelot gave 
for the heat of formation (28,80,2K) Pals. ; and (28,80,2K,Aq.) 

381 *9 (’als. Tlie heat of soln, is 14%% Pals. H. i\Iarshall measured the electrical 
conductivity, and (P Bredig gave for the electrical conductivity, A, of the nq. soln. 
for an e<|. of the salt in v litres. 

V . . . :V2 fit lL^s 2 r)fi r)j 2 ]024 

A . . . 118-4 I 2 fi-;t 1:12 7 137-2 140 7 14J-5 

11. Mar.sliall said that yiotassium f)ersulphate is less soluble in water than any 
other sulphate : 10( 1 parts of water at 0 ^ dissolve 1 *77 parts of ])otas.sium persulphate. 
The salt is more soluble in hot water with a slight decomposition. The aq. soln. 
gradually decomposes in the course of a few months at ordinary temp, and forms 
the acid sulphate with the evolution of oxygen ; the decomposition is faster when 
the aq. soln, is luxated vide supra, ammonium persuljihate. 1 ). VPali found that 
the salt decomposes in moist air, and by treatment with ah*ohol. A. Bach observed 
that with anhydrous sulphuric acid five-eighths of the active oxygen forms a higher 
per-acid, and three-eighths a simpler per-acid. H. Stamm found that soln. with 
0 , l*fifi2, and 3%')24 inols of NH 3 per 100 grms, of winter dissolve respectively 0-030, 
(>* 022 , and 0 * 02 fi mols K,S Tlie general reactions have been described previously 
in connection witJi persulphuric acid. 

A, R. Forster and E, F, Smith prepared rubidium persulphate, Rb 2820 H, by 
electrolyzing in a divided cell a soln. consisting of tw^o-tliirds sulphuric acid of 
sp. gr. 1 % 35 , and one-third of a sat. soln. of rubidium sulphate. A white precipitate 
was slowly deposited at the anode, and it was washed with cold water. The salt 
crystallized from water in acicular, vitreous forms. They prepared in a similar 
way ceesium persulphate, Cs^S^Dg, and obtained it in colourless needles. H. Marshall 
obtained both salts by double decomposition with ammonium persulphate, and 
recrystallization from aq. soln. He said that the crystals are not isomorphous 
with those of the potassium salt (triclinic), but with those of the ammonium salt 
(monoclinic). As mixtures of the potassium salt with the others have been obtained 
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in well-fonned monoclinic crystals, notwithstanding a great preponderance of 
potassium salt, the three salts form an isodimorphous group. A. R. Forster and 
E. F. Smith said that 100 parts of water dissolve 3-4 parts of rubidium persulphate 
at 22*5°, and 8*71 to 8*98 parts of caesium persulphate at 23°. 

H. Marshall obtained a very impure copper persi]lphate» CUS 2 O 8 , by double 
decomposition between copper sulphate and barium persulphate. During the 
evaporation of the filtered liquid, decomposition occurred with the formation of 
a considerable quantity of sulphate, and free acid. If the free sulphuric acid be 
neutralized from time to time by the addition of some barium carbonate, double 
decomposition occurs, forming insoluble copper carbonate and soluble barium 
persulphate. The evaporation of the soln. of the copper salt gave a blue, deli* 
quescent, crystalline solid containing sulphate and persulphate. As in the case 
of the zinc salt {q,v.)y G. A. Barbieri and F, Calzolari prepared OOPPCT tetranunino- 
persulphate^ CnSgOgANHs ; and copper pyridinopenmlphate, CuSgOgACdHsN. 
G. T. Morgan and F. H. Burstall prepared copper bisethylenediaminopersiil- 
phate* [Cu en 2 ]S 204 , in purple-red, acicular crystals, by adding potassium per¬ 
sulphate to an aq. soln. of a mol of copper sulphate and 2 mols of ethylenediamine, 
and washing the product successively with cold water, alcohol, and dry ether. 
The salt is very unstable, and liable to explode. It is decomposed when left in 
air in a desiccator leaving a blue residue. The salt detonated on percussion and 
exploded on heating or on warming with cone, sulphuric acid. Although only 
very sparingly soluble in cold water, the persulphate dissolves more readily on 
warming; the purple soln. which changes to blue without appreciable evolution 
of gas, yields with barium salts a copious precipitate of barium sulphate. Silver 
nitrate gives no reaction in the cold, but, on warming oxygen is evolved and the 
purple soln. changes to blue. Cone, hydrochloric acid causes decomposition with 
evolution of chlorine. 

According to H. Marshall, when silver nitrate is treated with potassium per¬ 
sulphate, no immediate precipitate is obtained, but the liquid gradually acquires 
an inky appearance, and, after some time, a black precipitate of peroxide of silver 
separates. The liquid at the same time becomes strongly acid. This action is 
apparently due to the fact that silver persulphate is decomposed by water like some 
other silver salts of acids of sulphur, sulphur trioxide being removed: 
Ag 2 S 04 +H 20 -=Ag 20 -f H 2 SO 4 . The accumulation of acid seems to stop the action, 
as the cautious addition of dil. alkali produces a further precipitation. This 
reaction—noticed before the nature of the salt was known—was at first supposed 
to be a reducing one, with separation of metallic silver —vide silver peroxysulphate, 
3. 22,23. Silver pyridinopradisulphate is formed in golden yellow acicular crystals, 
Ag 2 S 208 . 4 C 5 H 5 N, by adding a soln. containing silver nitrate and pyridine to a cold 
soln. of potassium perdisulphate. The salt is stable in diffused light; is instantly 
decomposed by dil. ammonia ; and furnishes argentic oxide, AgO, when treated with 
dil. acids or alkali hydroxide soln. 

H. Marshall obtained impure caldum persulphatet possibly CaS 208 .nH 20 , in 
a very soluble form very difficult to crystallize. A. Kailan examined the action of 
radium radiations on the salt. A. H, Erdenbrecher obtained calcium persulphate 
by extraction with alcohol from a dried mixture resulting from the action of calcium 
oxide on ammonium persulphate. H. Marshall obtained impure strontium par* 
sollriiate, SrSgOg.nHgO, as a very soluble salt difficult to crystallize ; and barium 
persullffiate, BaS 208 . 4 H 20 , by triturating a sat., aq. soln. of ammonium persulphate 
with an excess of barium uydroxide, and passing a current of air over the pr^uct 
to drive off the major portion of the ammonia. The remaining ammonia was 
removed in vacuo over sulphuric acid. Carbon dioxide was passed through the 
liquid to remove the excess of barium hydroxide, and any barium hydrocarbonate 
formed was decomposed by placing the soln. in vacuo for a short time. The filtrate 
was evaporated in vacuo, and any sulphuric acid formed by the decompositbn of 
the soln. was neutralized from time to time with barium hydroxide. The evapora- 
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tion is discontinued as soon as crystals begin to form ; the crystals are redissolved 
in the smallest possible amount of water, and the filtered soln. cooled with ice, so 
that crystallization occurs. The resulting transparent, interlocking, more or less 
striated, prismatic, probably monoclinic crystals are more pure than those obtained 
by the gradual evaporation of the aq. soln. The crystals become turbid in a few 
days owing to the formation of barium sulphate, and they then crumble to form 
a moist, powdery mass. The crystals are best preserved in a moist atm. KXJ parts 
of water dissolve 52*5 parts of the salt at 0^, The aq. soln. gradually decomposes ; 
and a dil. aq. soln. may remain clear until near the b.p. when it becomes turbhl 
owing to the separation of barium sulphate. The last traces of persulphate are 
destroyed only by prolonged boiling. If the crystals of the tetrahydrate are digested 
for several days with successive portions of absolute alcohol, the latter removed with 
anhydrous ether, and the product dried in a current of dry air, the monohjdraJtCy 
BaSgOg.Hi^O, is formed. The salt cannot be dehydrated any further without 
decomposition : BaS 208 .H 20 ^BaS 04 -fH 2 S 04 + 0 . M. Berthelot gave for the 
heat of decomposition BaS 208 aq.+H 20 ~BaS 044 -H 2 S 04 + 0 + 44*2 Cals.; and for 
the heat of neutralization, (H 2 S 208 ,Ba( 0 H) 2 aq.)= 27-6 Cals. 

H. Marshall did not succeed in making magnesium persulphate, MgSaOg, by 
electrolysis. A wliite, muddy deposit of dehydrated sulphate was obtained, but 
uo trace of persulphate could be detected. The mother liquor was not much 
oxidized. G. A. Barbieri and F. Calzolari prepared a complex salt— magnesiam 
bishezamethylenetetraminopeisolphate, MgS 204 . 8 H 20 . 2 C 3 H] 2 N 4 . 0. Aschan ob¬ 
tained ammonium magnesiam persulphate, Mg(NH 40 ) 2 ( 802 . 0 ) 2 . 6 H 20 , by the 
action of magnesium on a cold soln. of ammonium persulphate ; with sodium 
persulphate, sodium magnesium persulphate, Mg(Na 0 ) 2 (S 02 . 0 ) 2 . 4 H 20 , is formed; 
and with potassium persulphate, potassium magnesium persulphate, 
Mg(K 0 ) 2 (SO 2 . 0 ) 2 . 6 H 20 , is formed. H, Marshall obtained impure zinc persulphate, 
ZnSoOg, in soln. by double decomposition between zinc sulphate and barium per¬ 
sulphate in the right proportions. On evaporating the filtered liquid over sulphiuic 
acid in vacuo, a mass of minute needles was obtained. This deliquesced on exposure 
to air, and contained a large proportion of sulphate mixed with persulphate. The 
tw^o could not be separated owing to the great solubility of the sulphate, and the 
continuous decomposition of the persulphate. 6 . A. Barbieri and F. Calzolari 
prepared zinc tetramminopersulphate, ZnS 208 . 4 NH 3 , by adding a cone. soln. of 
2 mols of ammonium persulphate to a cone., strongly ammoniacal soln. of a mol 
of zinc sulphate. The crystalline product was washed with ammonia, and dried 
with bibulous paper. The crystals lose ammonia readily and explode on heating 
or by percussion. Tlie corresponding zinc psnridinopersalphate, ZnS 208 . 4 G 5 N 5 H, 
was also obtained. O. Aschan prepared by the action of zinc on cold aq. soln. of 
ammonium, sodium, and potassium persulphates, the corresponding complex 
salts: ammonium zinc persolpbate, Zn(NH 40 ) 2 (S 02 . 0 ) 2 . 6 H 20 ; sodium zinc 
persulphate, Zn(Na 0 ) 2 (S 02 . 0 ) 2 . 4 H 20 ; and potassium zinc persulphate, 
Zn(KO) 2 (SO. 2 .O) 2 . 0 H 2 O. They also prepared cadmium hexamminopersulphate, 
(MS 208 . 6 NH 3 » in a similar way; and likewise cadmium psnidinopersulphato, 
CdS 208 . 4 CeH 5 N. 0. Aschan obtained ammonium cadmium persulphate, 
Cd(NI^0)2(S02.0)2 6H2O; sodium cadmium persulphate, Cd(Na0)2(S02.0)2.- 
4 H 2 O; and potassium cadmium persulphate, Cd(K 0 ) 2 (S 02 . 0 ) 2 . 6 H 20 , as In the 
case of the corresponding zinc salts. 

F. Fichter and S. Stern allowed a mixture of 10 grms. of mercury, 20 grms. 
of ammonium persulphate, and 50 to 60 c.c. of cone. aq. ammonia to react, and 
obtaine^l mmurictetramminopersulphate, [Hg'(NH 3 ) 4 ]^ 08 , whichloses ammonia 
in air, but it can be recrydtallized from a soln. in cone. aq. ammonia. Mercuric 
acetate or nitrate, but not the chloride or cyanide, can replace the mercury. The 
salt is readily hydrolyzed to the mixture of basic salts. N. Tarugi found tliat mercury 
or mercurous chloride is readily attacked by an ammoniacal soln. of ammonium 
IH^rsulphatc. If the temp, doi's not exceed 60'", the cooling liquid dei>osits white, 
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acioiilar crystals, arranged in radiating agglonierat-es, of ammonittin morcurous 
diamininoi^rsulphate, HN4.S2Og.Hg.2NH3, this substance is insoluble in nitric 
or sulphuric acid, but dissolves in hydrochloric acid, and colourless guaiacutn 
tincture ; on heating it is decoin]>osed*by water, yielding the animonio-niercuroiis 
salt of Caro’s acid and amnioniuin sulphate : NH4.S20g.Hg.2NH3”| HoO 
-=NH4.S05.Hg b(NH4)2S04. The addition of water to the mother liquor remaining 
after the deposition of^^this compound causes the precipitation of an amorphous, 
white basic salt of the composition 2NH4 804.Hg,2NH3,3Hg20. F. Fichter 
and S. Stern consider that N. Tarugj's salt is the mercuric tetramminoper- 
sulphate. 

A. R. Forster and E. F. Smith prepared thaUous persulphate, probably Tl2S20g, 
])y the metliod they employed for the rubidium and caesium salts ; and H. Marshall, 
by double decomposition of a thallous salt with ammonium persulphate. The 
impure salt furnishes crystals isomorphous witli those of the monoclinic ammonium 
salt. Thallous persuiphate, Tr,S.,()g, is isomeric with thalloMc sulphate, 
Tl'Tr"(804)2 or 110804.112(804)3.“ “ 

H. Marshall found that barium persuljdiate is easy to imike beeausc of th(‘ 
insolubility of the sulphate; lead sulphate is also iiisolubie, but liu* oxide and 
hydroxide are likewise insoluble. This makes tin' jireparation of lead persulphate 
more difficult. Jf lead oxide be triturated with a sat. soln. of ammonium {)cr>sulpliate 
much ammonia is evolved, but lead dioxide and no persulpliate is formed. He 
prepared lead persulphate by treating persulphuric acid, m the cold, with lead 
carbonate. The clear liquid was evaporated in vacuo, and the evaporating soin. 
was filtered from time to time to remove the lead sulfihate. Lead persulphate, 
like the silver salt, requires the pre.seuee of free arid to [irevent tin' deposition of the 
dioxide. Analysis of the product agrees wit h either the dihydrate or, more probably, 
the trihydrate, PbSjfIg.lHjO. The salt is soluble in water : it deliquesces in a moist 
atrn. ; and a soln. of the salt gives a white precipitate of hydroxide when treated 
with alkalies. The white jirecifjitate soon forms the dioxide. This salt shouhl 
not be confused with plumbii' sulphate, J^b(804)2 ' 7 . 47 , 30 . 

H. Marshall sliowed that a soln. of a manganese salt when warmed with a per¬ 
sulphate gives a precipitate of the dioxide. G. A. Barbieri and F. (Id^soluri }>rej)ared 
a. complex salt of manganese persulphate with hexametbylenetetrammine, 
MnSoOg.81120.2(^H|2N4. M. Nakao prepared manganese pi'rsulphate by the 
electrolytic oxidation of manganous sulphat<* using a soln. in 50 per cent, sulphuric*, 
acid at about 50 . and a current density of 5 to 10 amp. per sq. m. When the 
maximum formation is attained, the proportion of persulphate in the soln. gradually 
diminishes. Manganese persulphate* oxidizes toliu'iie at 501 H. Marshall found 
that cobalt salts behavt* like those of manganese, and G. A. Barbieri and F. Calzolari 
obtained cobalt persulphate as a complex salt- -manganese bishexamethylene- 
tetraminopersulphate, Co8208 .8H20.2 G«Hj2 N4. 0 . Aschan prepared by the pro¬ 
cess employed for the corresponding zinc salts: ammonium ferrous persulphate, 
Fe(NH40)2(S02.0).6H20 ; sodium ferrous persulphate, Fe(Na()) 2 ( 802 . 0 ) 2 . 4 H 20 ; 
and potassium ferrous persulphate, Fe(K0)2(8()2.0)2.6H20. Likewise aim 
with ammonium cobalt persulphate, ro(NH40)(802.0)2.6H20 ; sodium cobalt 
persulphate, Co(Na0)2(S02.0)2.4H20; and potassium cobalt persulphate, 
Co(K 0)(S02.0)2.6H20. S. M. Jorgensen obtained oobalt hezanuninodisalphato- 
persulphate, [Co(NH3)e]2(S04)2(8208), in yellow rhombic plates, by tlie interaction 
of an ammoniacal soln. of cobalt sulphate and ammonium persulphaL; under press. 
H. Marshall found that nickt*! salts behave like cobalt salts, but the dioxide is pre¬ 
cipitated only in the presence of an alkali. G. A. Barbieri and F. Calzolari 
obtained a comph'X salt— ^nickel Apetynlphato, 

NiS20g.8H20.2CeH32N4; as well as nickel pyridinopersolphate, NiSgOgACsHgN ; 
while nickel hexamntmopersulphate, NiS208.6NH3, was obtained as in the case 
of the zinc salt. 0 . Aschan prepared the following salts by the process 
employed for the corresponding zinc salts : ammonium nickel persUlphatet 
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Ni{NH40)2(S02.0)2.6H20; sodium nickel persulphate, Ni(Na0)2(S0.>.0).>. 1H.>0 ; 

and potassium nickel persulphate, Ni(K())2{S02.0)o.6Hi,0. 

A. Villiei-sprepared what ho regarded ah sodium disulphopersuiphate, Sodimo 

iliiosulphute was mixed witli an jnHuHicient quantity of water for suhi., ancl the mixture 
sat, with sulphur dioxide ; if any salt remained undissolved more water was added, and 
the mixture was again saturated with the gas. A yellow' soln. was obtained, and if tins Ik' 
evaporated immodiately in vacuo, it evolves sulphur dioxide, and, if th(' temp. iUa\H ni)t 
exceed 0 ^, only sodium thiosulphate is obtained from the residue. If tlie sola, be allowed 
to remain at the ordinary temp, for tw'o or three days, it will then absorb more sulphur 
dioxide, and if, after saturation, it is allowed to remain for a day or two and tJien evaporated 
in vacuo over sulphuric acid, it yields brilliant, white, brittle, anhydrous prisms of the 
anhydrous salt. The evaporation of the aq. sohi. at a low temp, furnishes the dihvdratc*, 
Naj 840 a. 2 H, 0 , in soft, waxy crystals arranged in nodules. If any trithionate be present, 
the mixed crystals are exposed to air. The trithionate effloresces and the unaltered ( ry^taK 
of the dithiopersulphate are easily picked out. Tetrathionato is produced m addition to 
the other two salts, and it is possible that the leactions take place in ai cordara c 
with the ^juationa; 2 Na 2 S 203 f38(>2 -Xa 284 ()fl fNaaSaO^, and 2 Najj 83<)3 4 4S()^ 
~Na,S 404 4 'Na 5 | 8404 . .^VnJiydrous sodium disulphopersuljjhate furnislies rhombic prisin', 
which do not alter when exposed to air, but melt at 125°, and inturncsce at 140^ giv mg utf 
sulphur dioxide, and leaving a residue wliicli eontains a sulphate and free sulphiii, but no 
alkaline sfflphide. The hydrated salt decomposes slowiy in the cold and ra})idly when 
heated, with evolution of sulphurous anhydride and formation of the trithionate. Sulphur 
dioxide has no action on the trithionate at tlic ordinary temp. 'J’he disulphopersulpliato 
does not reduce potassium permanganate even when lieated, but is converted into sulphatt' 
bj' the action of bromine, five equivalents of bromine being required for each equivalent 
of the salt. Its soln. gives no precipitation with metallic salts except mercuric chloride, 
which produces a precipitate of sulphur. When boiled with cupric sulphate, tliere is no 
precipitation of cuprous sulphide as with the trithionate, except after prolonged ebullition ; 
cone, mineral acids seem to Ulierate dlthiopersulphurlc acid from its salts without 
decomposing it. Nitric acid above a certain strength, how'ever, oxidizes it rapidly, and 
even explosiv^ely, wdth prwupitation of sulpliur and evolution of nitrogen oxides. A. Villiers 
afterw^ards showed that his disulphopersulphate was probably a tctrathioiiatc, 
Na 2 S 404 . 2 H 20 ; but K. J. Maumen4 held that the disuljdiopersulphate really exists, and 
lie called tlie anhydride, S 4 U 7 , corresponding acid H 2 S 4 O 4 , Vacute tftramljugiqui —tlie “ g ’ 
was introduced because it is the seventh letter of the"alphabet. 
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§ 36. Permonosulphuric Acid» and the Permonosulpbates 

A«5 indicated m connection with perdiMilf)huric acid, M. Trauhc's ^ anomalous 
rcMdts with persulpiiuric acid prepared by elcidrolysis w(‘re explained when N. Caro 
observed that at least two different persulpliuric acids were involved. Under the 
iiiffiience of eonc. sulphuric acid the perdisulphuric acid forms a variety which, 
unlike perdisulphiiric acid, does not yield aniline-black when treated with aniline ; 
and which instantly liberates iodine from acidic soln. of potassium iodide, whereas 
the reaction with the perdisulphuric acid is comparatively slow. A. von Bayer and 

Villiger showed that the forinida for Carols add is H^SOs— pemonosulphuiic 
acid. They also sli0W(3d that the product of the action of cone, hydrogen dioxide 
on sulphuric acid contains permonosulphuric acid, and not, as supposed by 
M. Berthelot, perdisulphuric acid. H. Ahrle attempted to make permonosulphuric 
acid from anhydrous hydrogen dioxide and either sulphuric acid or sulphur 
trioxide, but the results were not very satisfactory. He measured the 
equilibrium constant of the reaction H2SO4 fouiul 

that K in [H2S04][ll20o] ~A'[H280;J[Il20) ivS about one-third—on the assumption 
that the permanganate titration is an accurate means of determining hydrogen 
dioxide in the presence of permonosulphuric acid. N. Caro, and T. S. Price, and 
»l. A. N. Friend prepared permonosulphuric acid as follows : 

Ten graiiis of potassium por(lihulf)hato were trituratc<l at a low temp, with 20 grins, 
ot COHO, sulphuric acid, and the mixture allov^ed to stand for an hour—it a longer time is 
o(cupi(‘d, tlie mixture begins to ilecompose—and it is then diluted by pouring it on to 
cnished ice. The sulphuric acid ^^as then precipitated by the addition of freshly prepared 
barium h\ dropliosphate —barium carbonate or hj^droxide decomposes the at‘id—and tlie 
liquid filtered through porous earthenware. The filtrate was then tivated with a current 
ot mr under reduced pivsMire until it no longer smelt of ozone. It contained about 16 per 
lent of flic ]jermonosulphunc aiid but no hydrogen dioxide; and only a trace of 
barium ^vilpliatc. 

11. 11 . \^il]ancc jirepared solu. of periuonu.sulphuric acid as follow's: 

A porcelain dish < ontaming 20grms. of powdered potassium pordisulphate w'as einl^edded 
in a freozmg mixture, and tho '•alt triturated with 13 c.<'. of concentrated sulphuric acid, 
iJ 10 operation occupying about 15 minutes. Tho rnixturo waa kept for 50 minutes, after 
which it w£is dilute<l Ijy pouring on to 50 grms. of freshly made ice contained in a beaker 
(](^pl\ immersed in a frei^zing mixture. It was then neutralized by 8lov^ly adding a soln. 
of potassium carbonate (equivalent to the amount of sulphuric acid taken) in tho smallest 
(juantity of water, fresh lumps of ic e l>emg added when neccjssary. This operation occupied 
about 30 mmutes. and the final neutralization was effected by the addition of a little 
anhydrous poiassium c arbonate The mixture was filtered and concentrated in vacuo 
over sulphuric acid, until the vol. was about 50 c c. 

The relation of permonosulphuric acid to the other persulphuric acids was 
investigated by T. S. J^rice, T, M. Lowry and J. H. West, H. E. Armstrong, etc. 
This work has been discussed in what precedes. The general conclusion is 
that there is a progressive hydrolysis: H2S20g+H20-=112804+112805; and 
H2S05-f-IL>0--H2804-t-Ho02. T. 8. Price prepared an impure potassium 
permono-sulphate KH8O5, as follows : 

A soln. of permonosulphuric a< id was prepared by tho action of 25 c.c. of cone, sulphuric 
aci<I on 25 grms. of potassium perdisulphate as indicated by T. S. Price, and J. A. N. Friend. 

I be soln. was diluted and neutralized at the same time by being nm very slowly into a soln. 
of pottissiiim carbonate (containing enough carbonate to neutralize the sulphuric acid 
taken), in which was ice freshly made from distilled water. The temp, of the aq. soln. of 
potassium carbonate, which was —7® before the soln. of permonosulphuric acid was run 
in, gradually rose to about 0® during the process of dilution. The potassium sulphate 
whK*h ^parated out was filtered off, the mother liquor being drained aw'ay as completely 
as possible. The filtrate generally contained an amount of persulphuric oxygen which waa 
gnm. of HjSO, per litre. If the mixture containing the acid was first 
by being poured on to broken ico, and then neutralized with potassium carbonate, 
the filtrate wa« only about half the above strength. The filtrate woe generaUy acid, and 
was neutralized by the further addition of anhydroiis potassium carbonate, which was added 
careiuiiy until no further efferv'escenco took place. Potassiuin sulphate was separated 
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from tlio neutral boIu. by freezing, and the soln. ovaporatinl to dryiie.ss in a vauuinu 
flesiuuator ovtf cone, sulphuric acid. The procehS of evaporation lasted between a week 
and a fortiughl, and the potassium Hul[>liatc, which Bef)arated out eoutinuously, \va^ tilteied 
otl Ironi time to time until tla; soln. bocaiia* so eonceiitrated that it could not be' tilttae*! 
without undergoing a[)pre('UibJo losh ; it was then all(»wed to e\ aporate to diyness. I )ui ing 
the evaporation ot tlie soln., the cone, of tlio perinonosul[»hatu continually increaj^e'^, )»ut 
at the samo time some of the salt decomposes with the formation of potassium h\<lrogeu 
Hulf>hate. This is the reason why it is immaterial wliethor the neutralization with potart^mm 
earhonate be exact or not. The mixture so obtained was powdered as tinely a.> iios^ibk', 
and finally dried in a vacuum desiccator. The pennonosulphato contained potassium 
sulphate, hydrosulphate, perdisulphate as impurities. 

Permoiiosulpliuric acid was obtained by the Badische Anilin- uiid Sodafabrik, 
T. S. Price, J. A. N. Friend, A. von Baeyer and V. Villiger, M. Magdaii, and 
N. Oaro, by the action of sulphuric acid on persulphates or persulphuric acid, as 
indicated above ; it was also obtained by the Badische Anilin- und S(>(lafa])rik, 
A. von Bae 3 ^er and V. Villiger, and K. Elbs and 0. Schonherr by the electrolysis 
of cone, sulphuric^ acid, for the primary perdisulphuric acid (c/.f.) is hydrolyzed by 
sulphuric acid of the right concentration. C. Tubandt and W. Riedel said that 
when freshly precipitated nickel dioxide is treated either with dil. or cone, sulphuric 
acid, or with cone, potassium hydrosulphate, a soln. containing pennonosulphurh* 
acid is formed. J. d'Aiis and W. Friederich synthesized the pure, anhydrous acid 
^ by gradually adding the theoretical proportion of lUO per cent. h\'drogen di^jxide 
to ])ure, well-cooled chlorosulphonic acid: CIHSO 3 +H 2 O 2 - 1101 +HjSO-,. When 
the evolution of }iv<lrogeu chloride has ceased, the mass was allowed to warm up 
slowly, and the h}di’ogen chloride pumped off. The frozen mass was purified 
by centrifuging, and subsequent fusion, and recrystallization. 

The properties of perxnonosulphuric acid. —The anhydrous acid ] pre pared by 

J. d’Ans and W. Friederich is a white crystalline solid which melts at 40 with 
slight decomposition. It can be kept for several days as a solid, but gradually 
loses ozonized oxygen. When moist it decomposes rapidly, and some perdisulphuric 
acid is formed at the same time. Thus a 97 per cent, acid, after 8 
(lays, contained 82*7 per cent. H 2 SO 5 and 15*3 per cent. ILS^Og. It reacts 
like anhydrous perdisulphuric acid, but not so vigorously. Even when the 
anhydrous acid is dissolved in ice-cold water, it undergoes slight decomposition, 
H 2 S 05 +H 20 s^^H 202 +H 2 S 04 . A cryoscopic determination of the mol. wt. in 
aq. soln. agrees with the assumption that the acid is completely ionized 
H 2 S 05 ^H*-|-HS 05 '. Acc(5rding to A, von Baeyer and V. Villiger, the aq, soln. is 
fairly stable in the presence of 8 per cent, sulphuric or phosphoric acid. T. S. Price 
found that 10 c.c. of the acid, eq. to 27-7 c.c. of thiosulphate, was, after 84 
days, eq. to 27*1 c.c., and after 29 days more, to 26-8 c.c. A. von Baeyer 
and V. Villiger said that the soln. generally has a strong odour resembling bleaching 
powder—due, they said, to the presence of volatile S 20 g—according to E. Bamberger, 
and H. Ahrle, the odour resembles ozone. In acidic soln., permonosulphuric acid 
is more stable than perdisulphuric acid, but in neutral or alkaline soln., less stable. 
R. Willstatter and E. Hauenstein observed that the alkaline soln. readily decomposes, 
but it is more stable in the presence of a large excess of potassium hydroxide. 
E. Bamberger said that the acid neutralized by potassium carbonate is decom¬ 
posed when warmed with a cStalyst —say platinum sponge—and ozone is evolved. 
H. Ahrle said that the decomposition of cone.—92 per cent.—soln. is rapid at the 
body temp.; and that the decomposition is explosive in the presence of smooth or 
finely-divided platinum, manganese dioxide, or silver. The action is not violent 
with zinc dust, lead dust, magnesium powder, or wood charcoal; and the soln. is 
not decomposed by finely divided iron. T. S, Price, and J. A. N. Friend showed 
that a dil. soln. of the acid decomposes very slowly in the presence of colloidal 
platinum, but if hydro^n dioxide be present there is a rapid evolution of oxygen, 
probably due to the reaction H 28 O 5 +H 2 O 2 -H 2 SO 4 f ILO-f O 2 , which is accele¬ 
rated by the platinum. The Konsortium fur elektrochcmischc Industrie, 

K. Anders, 0. Urbaseb, Oesterrcichische chemische Werke and L. Ldwenstein, 
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aiui ]I. r from tin' ]ry(lrolyz<Hl penuuiiosulphuric 

acid 

'riio r(*actiun« of piH'iaoiioMi]j)hnric acid closely resemble tliose of perdiaulphurie. 
acid. E. Wedekind showed that hydrofluoric acid is not attacked by perinono- 
>ul[)hnric acid, and attemjds to pre]>are fluorine by the action of the acid on hydrogen 
fluoride gave negative results. The acid liberates (ddorine from hydrochloric acid 
or hydrogen cUoride and bromine from hydrogen bromide. As previously 
indicated, the acid liberates iodine immediately from potassium iodide, while the 
action with perdisulpliiiric acid is slow, and very slow with hydrogen dioxide and 
dil. sulphuric acid. 

Accortling to N. (\iro, and the Radische Aniliii- und Sodafabrik, permono- 
'iiphuri<' acid oxidizes the aiiiido-group of tlie primary amines to nitroso- and 
n'tro-groups ; aniline is insftinth oxidized to nitrobenzol, and, as indicated above, 
aniHjie black is not formed. E. Bamberger, E. ISeel, ii. Wolffenstein, N. Tarugi, 

F. ('r(;ss ami co-workers, 31 . Jiittrich, W. Aligaiilt, F. Erben, H. Ditz, E. Springer, 
A. A. Albitzky, R. Fosse and F. Bertrand, and A, von Baeyer and V. Villiger studied 
tile oxidation of organic compounds by permoiiosulphuric aeid. 11. Ahrle found 
tlnit the U '2 j)er cent, acid carbonizes wool, and cellulose very quickly, while with 
cotton there is at first no action, but in a few^ seconds there is a violent action 
acconqianied by a yi^llow tlaine. A. von 15 aeyer and V''. Villiger said that titanium 
salts are not coloured yellow by permoiiosulphuric acid, although A. Jhich said that 
the undiliitcsl soln. made friun KMi per emit, sulphuric acid and potassium per- 
disulphate does give a y<‘liow colour iwsumably because some hydrogen dioxide 
vva^ pri'sent, although A. Bach said that it was not so. 

According to T, S. Brice, soln. oi permonosulphurii* acid cannot be satisfactorily 
titrated with potassium hydroxide soln.ii''ing phenolphthalein or methyborange as 
indicators— the latter indicator is rapidly oxidized, and with phenolphthalein, the 
indication is not sharp -owing, it is suggested, to the slight acidity of the HO.O- 
grouf). A. von Ba<‘yer and V. Villiger said that the acid is decomposed by barium 
hydroxide, but not by barium phosphate. N. Tarugi found that ammonium 
mercurous diamininopersul})hate {(ja\) is decomposed by water, forming ammonium 
mercurous permonosulphate, Nil4.SO5.Hg, E. Bamberger found that a neutralized 
soln, of pernionosulxihuric acid froths violently when treated with silver nitrate, 
and a similar reaction is produced with manganese and lead dioxides. An ozonized 
gas is evolved. On adding a copper salt and then sodium hydroxide to a soln. of 
perrmmosul])liuric acid, a brownish-blade ])recipitate of copper peroxide is formed 
which soon decomposes with the evolution of oxygen. This precipitate has a 
different appearance from that produced by hydrogen dioxide under similar 
conditions. 

A. von Baeyer and V. Villiger - found that a mixture of potassium permanganate, 
]>ermonosidp}iuric acid, and dil. sulphuric acid is a very strong oxidizing agent. 
Perinonosulphuric acid free from hydrogen peroxide does not act on an acidic soln. 
of potassium permanganate, for, after standing several hours, no reaction can 
be perceived. On the other hand, if a little manganese sulphate be present, there 
is a slow reaction, the permanganate is reduced, and the permonosulphuric acid is 
decomposed ; a liigher manganese oxide is soon deposited, and the evolution of gas 
becomes more marked. The liquid acquires a red colour not due to permanganate. 
Maupnese sulphate alone does not decompose the acid. In titrating hydrogen 
dioxide in the presence of permonosulphuric acid, by means of potassium per¬ 
manganate soln., a little manganese sulphate is added. T. S. Price showed that the 
method is inaccurate. The longer the time occupied by the titration, the lower the 
rc'Ults. This is attributed to the induced reaction betw^een the hydrogen dioxide 
and the permonosulphuric acid, and to the catalytic effect of this reaction on some 
manganese compound formed in the soln. This explains how the amount of 
oxygen evolved, when a soln. containing hydrogen dioxide and monopersulphuric 
acid is titrated with permanganate, is always in excess of that calculated from the 
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permanganate used. This result was observed by A. Bach, and Beithelot, and 
gave rise to a discussion between A. Bach, H. E. Armstrong, \\\ Kamsay, etc.— 
vide supra. 
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§ 37. Thiosulphuriq Add 

In 1709, F. (/haussier ^ obtained a by-product in tlie preparation of MJtJimii 
carbonate by reducing sodium .sulphate with coal; and also by the action of sodium 
sulphide or hydrogen sul}>hide on sulphurous acid. He called the j)roduct Jnfdro- 
sulfure sulfure de sonde. Next year, L. N. Vauquelin regarded it as a couq)Oiin<l ol 
sodium sulphite and sulphur, and obtained it by boiling sodium sulpliito \sith 
sulphur, and called it sulfite sulfure ds soude, so that the acid would be sulpho- 
sulphurous acid. In 1803, (\ L. Berthollet suggested that tlie salt is a compound 
of sodium sulphite with hydrogen sulphide and not sulphur. L. N. Vauquelm's view 
was accepted until about 1813, when J. L. Gay Lussac inferred that this same salt is 
really a derivative of an acid less oxidized than sulphurou.s acid, and Ik' accordingly 
called it hyposulfdc de - hyposulphite of soda. This term \vas acce})red by 

J. F. W. Hersohel and was in general use until 1877 when J^. von Wagner pi q)osed 
to call the acid Thioschwefclsdurc — thiosulphuric acid —in order to emphasize its 
relationship to sulphuric acid, and at the same time prevent confusion with 
P. Schiitzenberger's VacAde kydrosulfureux, which is really a less oxidized acid 
than sulphurous acid. R. von Wagner’s proposal has been accepted by the majority 
of chemists, although the older designation persists in the i)hotogriipIier\ '^po- 
sulphite of soduy or hypo, which is really the salt now called sodium t]uo.sulphate. 

E. Willm 2 observed in the hot sulphuretted waters of Olette, J^yn'mees Orientales, 
0-0057 to 0-009C per cent, of sulphur as sulphides, 0-001)8 to 0-0113 per cent, as thio¬ 
sulphate ; and 0-01()8 to 0-0300 per cent, as sulphuric acid, S. Dezani discussed 
the occurrence of thiosulphates in urine. E. Snikowsky found that the urine of 
rabbits fed on white cabbage contains a considerable amounl of thiosul])lu\te. 
Observations were also made by A. Striimpell, and A. llellter. The occurrence of 
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thiosulphates in the residue after the explosion of gunpowder was discussed by 
A. Noble and F. A. Abel, and M, Berthelot. G. Guittonneau found that with 
sulphur in a culture nu'dium, various soil organisms oxidized sulphur to sulphate 
with the formation of some thiosulphate which was supposed to represent an inter¬ 
mediate stage in the oxidation. The (‘onversion to sulphate is inhibited in the 
presence of ammonium succinate so that thiosulphate accumulates in the system. 

The free acid is very unstable and has been prepared only in soln., so that many 
have doubted whether it has been obtained at all. H. Rose ^ said that he obtained 
a dil. soln. of the acid which he kept for five months by treating with sulphurous 
acid an intimate mixture of finely divided cadmiufn sulphide and sulphur moistened 
with alcohol. The filtrate freed from the excess of sulphur dioxide was treated with 
hydrogen sulphide, and the cadmium sulphide filtered off. It is not clear whether 
the liquid really contained thiosulphuric acid, or a polythionic acid of H. Debus, 

F, A, Fluckiger also supposed thiosulphuric acid to have been made by the action 
of sulphurous acid on sulphur at ordinary temp., or in a sealed tube at 80® to IX)®. 
A. Debus, and A. Colefax regarded the product as a polythionic acid. J. Aloy said 
that an alcoholic soln. of thio.sulphuric acid is formed by saturating with sulphur 
dioxide 95 per cent, alcohol holding sulphur in suspension. J. Myers passed water 
vapour over boiling sulphur and said that both hydrogen sulphide and thiosulphuric 
acid are formed. F. A. Fluckiger said that when roll sulphur, or sulphur crystallized 
from carbon disulphide, is washed with water, a little thiosulphuric acid will be found 
in the wash-water. J. Pelouze, and J. Persoz treated lead thiosulphate at 0 ® 
with hydrogen sulphide or dil. sulphuric acid, and obtained thiosulphuric acid which 
rapidly decomposed into sulphur and sulphurous acid. An excess of hydrogen 
sulphide would convert the liberated thiosulphuric acid into a polythionate. 
J. L. Gay Lussac also said that when strontium thiosulphate is decomposed by 
hydrochloric acid, or alcohol sat. with hydrogen chloride, the acid which is set free 
is quickly resolved into sulphurous acid and sulphur. The action of acids on the 
thiosulphates was discussed by G. E, M. Foussereau, E. Mathieu-Plessy, M. Berthelot, 
W. Vaubel, A. Colson, G. Aarland, W. Vaubel, G. Vortmann, A. Seyewetz and 

G. Chicandard, A. Colefax, etc. F. Muck reported that trithionate is formed 
by boiling a soln. of ammonium vsulphate with manganese sulphide, but H. Bassett 
and R. G. Durrant found that the product is really thiosulphate probably formed by 
the atm. oxidation of hydrogen (or ammonium) sulphide, a reaction probably 
catalyzed by manganese oxide. The atm. oxidation of ammonium sulphide yields 
thiosulphate— e.ff. an old soln. of ammonium sulphide which had lost its colour 
and deposited sulphur contained much thiosulphate. 

When a thiosulphate is mixed with an acid, the liquid remains clear for a little 
while, and then becomes turbid, owing to the separation of sulphur. The pheno¬ 
menon is due to the thiosulphuric acid first formed decomposing after a few minutes: 
H 282 O 3 —H 2 SO 3 -J-S. J. F. W. Herschel stated that when an aq. soln. of an alkali 
thiosulphate is decomposed by a stronger acid, the liquid acquires a harsh, sour, 
and very bitter taste, and the property of precipitating metal sulphides from soln. 
of mereprous or silver nitrate ; it exerts no immediate action on salts of copper, 
zinc, or iron, but in a few seconds, especially if heat be applied, half the sulpkur 
is precipitated, and the other half remains in soln. as sulphurous acid. J. A. Muller 
observed that, at 12 ®, when a mol of hydrochloric acid, dissolved in 16 litres of 
water, is added to a mol of sodium thiosulphate, dissolved in a similar quantity of 
water, sulphur begins to be deposited after 1*5 minutes, and the reaction continues 
until one atom of the sulphur is liberated. When 2 mols of hydrochloric acid are 
employed in the place of 1 mol in such an experiment the precipitation of sulphur 
is never complete, indicating that, whilst the sodium hydrothiosulphate formed 
in the first case decomposes completely into sodium hydrosulphite and sulphur, 
the thiosulphuric acid liberated in the second case is only partially decomposed, 
yielding sulphurous acid and sulphur. 0 . Bongiovanni showed that when an aq. 
alcoholic soln. of methylene blue is added to an acidified soln. of a thiosulphate 
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it is decolorized ; sulpluirouR acid does not affect this reduction, which is taken to 
indicate that free thiosulphuric acid is really prosfuit in soln. J. Scheffer and 
F. Bohm observed that in the acidified soln. pentathionic acid can bo recognized 
before the turbidity appears. Thiosulphates are not decomposed by acids of 
smaller ion cone, than 2*5x10“^. They suppose that the condition necessary for 
the decomposition of thiosulphuric acid is the presence of the labile ions HS 203 \ 
whilst the S 203 "-ions and H 2 S 2 O 3 arc considered to be stable. Methylene blin' 
is decolorized by thiosulphate soln, even before acidification ; if the dye be added 

3 lirs after acidification, it is only partially decolorized. Some metln lene blue is 
adsorbed by the sulphur ; but the presence of sulphur dioxide prevents the adsorp¬ 
tion. J. C. Gil and J. Beato said that if a cone. soln. of sodium thiosulphate (3 or 

4 drops) be added to fuming hydrochloric acid (3 to 4 c.c.), sodium cliloride is 
])recipitated, after which the clear soln. can be preserved without change for about 
an hour at 15° ; it gives the reactions typical of thiosulphuric acid. An alcoholic 
soln. of thiosulphuric acid is obtained by the action of dry hydrogen sulphide on 
lead thiosulphate (dried at 105°) suspended in alcohol. The precipitated lead 
sulphide is filtered and excess of hydrogen sulphide removed from the filtrate by 
a current of air. The acid decomposes in the course of a few days at about 28° 
into sulphur and, apparently, pentathionic acid. 

According to W. Spring and A. Levy, the acidified soln. of the thiosulphate 
decomposes into trithionate and hydrogen sulphide, and if suflficient hydrogen 
sulphide be present the reaction can be arrested; the thiosulphuric acid 
decomposes: H 2 S 203 ~ H 2 SO 3 +S; the sulphur dioxide then reacts with the 
hydrogen sulphide, forming sulphur and trithionate. A. F. Hollemann said that 
this explanation is unsatisfactory because no hydrogen sulphide can be detected 
in the liquid ; the decomposition can occur in the presence of a lead salt without 
the formation of a trace of lead sulphide. H. Debus, and G. Chancel and E. Diacon 
added that most of the thiosulphuric acid decomposes into sulphur, sulphur dioxid<\ 
and water, while a small proportion condenses to pentathionic acid : 
r)H 2 S 203 -^ 3 H 20 '] 2112850 ^. W. Vaubel found that with formic, acetic, succinii , 
citric, hydrobromic, hydriodic, hydrofluoric, nitric, sulphurous, dithionic, phosphoric, 
and very dil. sulphuric acids, the proportions of sulphur and sulphur dioxide formed 
agree with the equation : Na 2 S 203 + 2 CH 3 C 00 H= 2 CH 3 C 00 Na-f HoO fSOo i-S. 
With sulphuric acid of increasing concentration, in the cold, the proportion of 
sulphur dioxide varied from 74 per cent, of the theoretical with 20 per cent, sulphuric- 
acid to 45’4 per cent, with 100 per cent, sulphuric acid,*at the same time the sulphur 
ranged from the theoretical proportion to 9*15 per cent, of that value, and with the 
cone, acid, the evolution of hydrogen sulphide was noticed. With 10 to 40 per cent, 
hydrochloric acid, the sulphur dioxide varied between 82 and 88 per cent, of the 
theoretical, and the sulphur between 86 and 97 per cent.; while quantities of 
sulphuric acid corresponding with 6 to 8-5 per cent, of sulphur were formed. 
W. Vaubel suggested that the first phase of the reaction is a decomposition 
into hydrogen sulphide and sulphur trioxide : H 2 S 203 ™H 9 S+S 03 , followed 

by H 2 S+SO 8 --SO 2 +S fHsO; 2 H 2 S+SO 2 - 3 S+ 2 H 2 O; and aHoS+SOa 

~~48+3H20. In support of these equations he quoted the observations of 
A. Geuther that silver oxide reacts with sodium thiosulpliate, forming the calculated 
quantity of sodium sulphate and silver sulphide ; and the observations of 
A, L. Orlowsky that sodium ethyl thiosulphate is decomposed by acids, forming 
sulphuric acid and ethyl hydrosulphide. K. Jablczynsky and Z. R}i^l showed 
by spectroscopic observations that the free thiosulphuric acid, in acidified soln. 
of sodium thiosulphate, immediately decomposes with the formation of sulphurous 
acid and monatomic sulphur. This reaction is unimolecular and reversible, being 
retarded by liberated monatomic sulphur and by sulphur dioxide. The sulphur 
is at first invisible, the solutions becoming opalescent only on the formation of 
polyatomic aggregates, which then adsorb atomic sulphur from the solution. 
These aggregates may thus be considered to act as an autocatalyst, since by removing 
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atomic sulphur they accelerate the reaction. According to F. Forster, on mixing 
►soln. containing rcvspectively a mol of hydrosulphide and 2 inols of sulphurous 
acid, thiosulphate is formed immediately, and almost in theoretical quantities : 
2HS'")~IHS03'“^3S203'-f 3H2O; free sulphur and sulphite ion result as by-products 
in ('quimolecular quantities. An excess of sulphurous acid causes the formation 
of trithionate and sulphite in addition to thiosulphate, but the primary reaction 
IS so rapid tliat the secondary effects may be observed only if the hydrosulphide 
>(»ln, add<‘d to the hydrogen sulphite soln.; if the procedure be reversed the 
exci'ss of sul})liiirous acid remains unchanged. The reactions arc explained on the 
assumption that a hypothetical sulphur monoxide is concerned in the process. 
The aq. soln. is supposed to contain, in eipiilibrium, H2S02^S()+H20, and it is 
supposed that in the formation of the thiosulphate, SO+H2S—2S+H2O ; followed 
by 2S0-f H20^S2 ()j 211 *—vide infra, jxilythionic acids. 

E. H, Rir'Senfeld and cu-workers representi^d the jirimary decomposition of thio- 
sulphuric acid by the equation H2S2O3—H2S03-fS. The appearance of penta- 
tbionic acid is diu' to the r(‘activity of the freshly-formed colloidal sulphur, 
5S+5SO2-T 2H2O—2H2850 (j, the p<‘Titathionic acid reacting with sulphurous acid 
to form some trithionic acid and more thiosulphuric acid.8566+2803 “-83O0+282O8. 
Trithionic acid slowly decomposes to give a mixture of thiosulphuric and sulphuric 
acids, 8360"+H20~S04''+8263'+ 2H*. G. Vortmann objected that the prolonged 
contact of the products in W. Vaubel’s experiments favoured secondary reaction ; by 
working more quickly in a stream of hydrogen or carbon dioxide so as to remove 
the sulphur dioxide, the results favoured the view that the first stage of the re¬ 
action is in accord with 2H282O3 - 2H2S+O2+28O2. In those rases in which 
metals are present which do not form insoluble sulphides, the oxygen partially 
oxidizes the hydrogen sulphide with the separation of sulphur, and the sulphur 
dioxide is set free, whilst in those case.s in which the metal present yields a sulphide 
insoluble in dil. acids, a precipitate of the sulphide is formed, and the oxygen reacts 
either with the sulphur dioxide, with the formation of sulphuric acid, or with a 
portion of tlie undecomposed sodium thiosulphate with the production of tetra- 
thionate or pentathionate ; .the last reaction, however, ensues only in those cases 
in which either an excess of thiosulphate is present, or the metallic salt undergoes 
reduction from a higher to a lower state of oxidation. Sodium thiosulphate 
reacts with dil. hydrochloric acid in accord with Na2S203+2HC1^2Na(’l 
t 8+8O2+H2O, When dil. soln. of the thiosulphate are employed, a small 
quantity of hydrogen sulphide escapes, but with cone. soln. no noticeable amount 
is obtained, since the small quantity evolved is decomposed by the sulphur dioxide 
with the separation of sulphur, which collects on the sides of the flask above the 
liquid. In addition to the sulphur and sulphur dioxide, tetrathionic acid is formed 
in quantity corresponding with that obtainable from 20 per cent, of the thio¬ 
sulphate employed, and traces of pentathionic acid are present, but no evidence 
could be obtained of the presence of sulphuric acid in the decomposition product. 
The formation of pentathionic acid is not mentioned by W. Vaubel. The reaction 
is slightly modified when certain salts of the alkalies or alkaline earths are present; 
thus, in the presence of potassium iodide, the quantity of liberated sulphur is 
increased and small amounts of sulphuric acid are formed. In addition to the 
decomposition of thiosulphuric acid by reversible reaction: H28203 t^H 2803+S, 
W. Spring and A. Levy, and A. Colson observed that some hydrogen sulphide is 
produced, and A. CJolson found that the ratio H2S()4 : H28 is variable, and supposed 
the hydrogen sulphide is a product of the action of nascent sulphur on water. 
F. Forster and co-workers supposed that the hydrogen sulphide is a minor by¬ 
product of a side-reaction : H28203-fH20^H2804+H2S. E. Schulek attributed 
the presence of hydrogen sulphide in a standard thiosulphate soln. to bacterial 
action. 

H. Bassett and R. G. Durraut found that hydrogen sulphide is always produced 
when acids or even water alone acts upon sodium thiosulphate. The gas is evolved 
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if carbon dioxide is bubbled through, or if the thiosulphate is wurniod with boric 
acid, whilst stronger acids liberate it readily. JJttle or no sulphuric acid is produced 
unless the mixture is boiled for a long time, ft then results from the hydrolysis 
of tri- and tetra-thionic acids. They stated that hydrogen sulphide is produced 
by the reversible reaction : 2H2S203;F^H2S-fH2Sj,0(j; and doubted its production 
by the reaction assumed by F. Forster and co-workers, because if the reaction is 
valid, there will be a small increase in the acidity of the soln., and the reaction will 
be favoured by alkalies and hindered by acids, whilst the formation of thiosuijdiate 
from sulphate and sulphide should be favoured by acids. There is no evidence 
of this, or of any such relation between sulphate and sulphide as is assumed l^y th(‘ 
supposed reaction. Tlie reaction usually symbolized AgoS +H28O4 

can be symbolized, perhaps more satisfactorily, by 2Ag2B203^ AgoS l-Ag.^S jOg ; 
followed by Ag2S30g+2H20—Ag2S4-i^H2S04. J. Fogh found that lead thio¬ 
sulphate, when heated with water, yields sulphide and trithionale, and, according 
to H. Bassett and R. G. Durrant, along with some sulphate and sulphur dioxide 
formed by the decomposition of the trithionate. W. Spring observed the formation 
of a trithionate and sulphide wlien a soln, of a complex alkali and silver, mercury, 
or lead thiosulphate is boiled. Conversely, lead sulphide and potassium tritliionato 
soln. yields lead thiosulphate; and when lead thiosulphate is boiled with an e^j. 
amount of alkali, or with dil. acetic acid, the thiosulphate is largely converted into 
trithionate. H. Bassett and R. G. Durrant observed that boiling dil. alkali soln. 
of sodium thiosulphate yield trithionate and sulphide with only a trace of sulphate 
—a cone. soln. of alkali favours the formation of thiosulphate ; and boiling the thio¬ 
sulphate with sodium plumbite yields a precipitate of lead sulphide and a soln. of 
sodium trithionate. Again, barium tliiosulphate decomposes very slowly when 
boiled with water, a considerable proportion of polythionate is formed, but very 
little sulphate. The formation of barium sulphate eq. to the barium tliiosulpliate 
would be expected if thiosulphuric acid decomposed according to the scheme 
H2S203-|-H20 =HoS 04+H2S, in which case, moreover, the decomposition should 
be greatly accelerated by the presence of barium, as it is by the presence of salts 
of copper, silver, and mercury, even after allowance has been made for the fact 
that barium sulphate is not nearly so insoluble as the sulphides of these metals. 

G. Chancel and E. Diacon showed that polythionic acids are formed by the 
action of acids on thiosulphates. F. Forster and R, Vogel inferred that pentathionic 
acid is the primary polythionic acid, because the observed proportions of thio- 
siilphat/e and sulphite in the soln. fit the equation r)Na2S203~f 6H2SO3 
~-2Na2S50e-f 6NaHS03~f-3H20 better than ^828203+4H2S03--Na2B30ft 
+H283O6+3H2O. If, as H. Bassett and R. G. Durrant suppose, the trithionic 
acid is a primary product of the reaction : 21108203^-1128-f 1108300, the trithionic 
acid combines with the sulphur formed by the concurrent reactions : H282O3 
—H2SO3+S, etc., to yield tetrathionic acid : H2S30o+S^H2S40e, and penta¬ 
thionic acid: H2S40o+S=H2S50o. This explains the greater consumption of 
thiosulphate than sulphite observed by F. Forster and R. Vogel. W. Spring and 
A. L6vy also assume that polythionates are formed from the trithionate produced 
as just indicated, and G. Chancel and E. Diacon observed the reverse change- the 
formation of thiosulphate from trithionate and sulphide. According to G. Aarland, 
the decomposition of thiosulphuric acid, liberated by adding an acid to a thio¬ 
sulphate, is a reversible process which is hindered when the products of the reaction 
are present. For example, if a soln, of sulphurous acid be added to a soln. of sodium 
thiosulphate, no decomposition of the liberated thiosulphuric acid occurs although 
the mixture is strongly acid and gives off hydrogen when treated with zinc, and 
gives no precipitation of sulphur when boiled with sulphuric acid. At a higher 
temp., A. Colefax, and A. F. Hollemann observed a reaction between the sulphur 
dioxide and thiosulphuric acid or sodium thiosulphate, resulting in the formation 
of a trithionate. A. F. Hollemann said that the secondary formation of trithionate 
by the action of sulphurous acid on undecomposed thiosulphate, does not take 
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place to any appreciable extent because the acidity of the product decreases so 
slowly. 

H. H. Landolt said that die Existenzdauer —the period of stability—of the acid, 
before the clear liquid becomes opalescent, (i) is independent of the nature of the 
acid employed to decompose the thiosulphate; (ii) is not influenced by an excess 
of either acid or thiosulphate ; (iii) is independent of the vol. of the soln. ; (iv) is 
proportional to the cone, of the thiosiilphuric acid—temp, constant: and (v) is 
dependent on tlie temp, so that the higher the temp., the more rapid the decom¬ 
position. The acceleration of the velocity of decomposition per 10"^ rise of temp, 
is smaller the higher the temp., and is greater the more dil. the soln. The period 
of stability, t, for n parts by wt. of water per unit wt.. of thio.sulphuric acid when 
n ranges from 51 to 279, at a temp. 6 ’ between 10" and 50°, was represented by 
/ -~w(0-G12{S— (K)255‘10-r-O-OOO272d-). A. A. Winkelmann found the period of 
stability to be inversely proportional to the mean velocity of the liquid molecules. 
it. Gaiilard showed that the presence of salts—chlorides, bromides, iodides, and 
8 itl})hates -retards the appearance of the opalescence. On adding equal vols. of 
water, glycerol, and alcohol to the same vol. of acid, the greatest retardation occurs 
with alcohol, the least,'by water. J. Alov also found that the presence of neutral 
salts and of alcohol lengthened the period of stability : and II. H. Landolt, and 
II. Rdsslor also found that the thiosulphuric acid appears to be more stable in 
alcoholic soln. ; and the latter said that an alcoholic soln. was not all decompo.sed 
after standing five months. H, H. Landolt said that light and electric sparks 
have no influence on the decomposition, but J. Aloy found that sunlight accelerates 
the decomposition. 

If. von Oettingen interpreted his observations on the decomposition of thio¬ 
sulphuric acid in terms of the ionic theory, and represented the reaction by: 
S 2 () 3 "+II‘=HS 03 '-f S, so that the cone., (\ of the H'-ions determines the progress 
of the reaction. If t denotes the time which elapses between the acidification of 
the dil. soln, of sodium thiosulphate and the appearance of the turbidity, for 
hvdrochloric acid, t -{OOllll log (1-r0-80C)} With isohydric soln. of hydro¬ 
chloric, oxalic, dichloracetic, or trichloracetic acid, the value of t remains unchanged. 
This is said to support the ionic theory. Sodium sulphite hinders the appearance 
of the turbidity, but the same values of t are obtained provided an allowance be 
made for the appropriation of the H'-ions by the S 03 "-ions to form either IIS 03 '-ions 
or non-ionized mols. of sulphurous acid. The equilibrium condition for the reaction; 
RoSoOj: -^RoSOs+S could not be determined because of the consecutive reaction 
between the thiosulphate and the sulphite. 0. K. Jablczynsky and Z. Watszawska- 
Rytel measured the degree of opacity with time and found the resulting curve is 
characteristic of a typical autocatalytic reaction. Hydrogen ions accelerate the 
reaction considerably, but sodium ions have little effect, so that mechanical co¬ 
agulation appears to play little part in the process. Dilution of the soln. or addi¬ 
tion of sulphurous acid or protective colloids retards the reaction. It is suggested 
that the reaction consists of the decomposition of the thiosulphuric acid according 
to the unimolecular law, followed by the aggregation of the sulphur formed into 
nuclei which catalyze the decomposition of the acid and render the soln. turbid. 
K. Jablczynsky and co-workers, and E. Paxeddu, R. P. Sanyal and N. R. Dhar 
studied the period of induction. G. I. Pokrowsky found that the variation of 
the diameter of the particles, rj, as a function of the time, t, and the cone., 0, of 
the thiosulphate soln. is given empirically by where a and tjq are 

constants. According to A. F. Hollemann, the decomposition of thiosulphuric 
acid is unimolecular-; H 2 S 203 ~H 20 -f-S 02 ~}-S; and the reaction should therefore 
be fastest at the outset when the cone, is a maximum. The period of induction 
is only make-belief; the formation of sulphur takes place from the commence¬ 
ment, but takes time to form visible aggregates. This is indicated by 
neutralizing the mixture of acid and thiosulphate before the turbidity appears, 
when the sulphur becomes visible after the usual interval. This would mean 
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that peptizing agents for sulphur should d(‘lay the ap})earance of the opalescence. 
W. Biltz and W. Gahl examined thiosulphuric acid under the ultra-micro8coj>e 
and inferred that the process is not continuous, for a discontinuity becomes 
apparent ^t about the same moment as the opalescence is visible to the naked 
eyo. Colourless supersaturated soln. of the acid in water can therefore exist. 
Colloidal aq. soln. of the acid are blue, and very unstable. R. flngel, A, (^olson, 
J. Fritzsche, and M. Berthelot discussed the character of the sulphur which separates 
when thiosulphates are treated with acids —vide the allotropic forms of sulphur. 
W. Ostwald assumed that the instability of thiosulphuric acid is due to the reducing 
action of H'-ions on S203"*ion8 ; A. F. Hollemann said that undissociated mols., 
notions, take part- in the reaction, because the equilibrium between the undecomposed 
mols. and free ions which must be maintained — the recombination of the ions would 


lead to a retardation and ultimate stoppage of the action at the concentration where 
the ions no longer re-unite, so that the constant k in the equation —dCjdt - k(J will 
vary in the same sense as the concentration C ; if the reaction occurs between ions, 
the constant and concentration would vary in opposite senses, and this is not in 
accord with the observed results. For 0*5A"-, 0'2N~, and (.»*lA^-8oln., k was found 
to be respectively 0 * 437 , 0 * 258 , and 0 * 068 . H. Bassett and R. G. Durrant found 
that the reaction follows a bimolecular course. 

Although the reaction is really a complex one in- ^ T ~] If' 

volving three concurrent processes, H2S2O3F-H2SO3 _T_I_ITj 

+S; 2H2S2O3-H2S+H2S3OC; and 2H2S208^H20 4 :^ 4 ^ 14 - 17 / 

-I-H2S4O5, yet the conditions can be so arranged that ^ | ^ 

50 to 70 per cent, of the decomposition involves the I - 

reaction H2S203^S-f-H2S03, and, since the process 

is bimolecular, the equation 2H2S203 f^2H2S03+S2 ^ 

probably describes the process better than the one ^ ^ ~ 

previously given. F. C. Gil and J. Beato concluded | ~ W' Wf/ W [H 

that the soln. of thiosulphuric acid becomes more ^ ^ 

stable the greater the acidity of the soln., hence, it ^ 

becomes less stable the greater the alkalinity of the ^ 

soln. This is not true; with soln. of low acidity ^ 

thiosulphate decomposes more quickly than with soln. ^ ^ ^ ^ 8 lo 

of greater acidity. H. Bassett and R. G. Durrant MoUrof and 
observed that with soln. of increasing acidity, the Fio. 107.—Times of the Up¬ 
time taken for the appearance of the sulphur passes 
through a minimum, Jig, 107 , and with high acidity, sulphate, 
no sulphur separates until after many hours. This 

delay is not due, as F. Forster and R. Vogel suppose, to the retarding influence of 
cone, hydrochloric acid on tlie reaction : HS203'“HS03' | S, but both the reactions 


m 




(^2 ^ 68/0 
Molar /7ormalit/o^ of arid 

Fio. 107.—Times of the Ap¬ 
pearance of Sulphur in 
Aciditiod Sol\ition of Thio¬ 
sulphate. 


n28203:-^H2S03d S, and 2H2S2O3; 


H283O6 are accelerated by acid, the 


former more than the latter because the greater part of the sulphurous acid becomes 
sulphur dioxide and water. These consecutive reactions are favoured by acids 


as well as HgS+HgSoCV-^HO.S.O.S.OH-f (HO)2S, and (H 0 )oS 4 H 2 S^* 2 S+ 2 H 20 ; 
the reactions H2S3(Je-fS^^H2S40e, and H2S40e+S™H2S506 are also favoured by 
acids. Hence, although increasing acidity favours the rapid separation of sulphur, 
yet it lengthens the time required for the appearance of the sulphur by favouring 
all the opposing reactions. Hence a minimum time for the appearance of sulphur 
at a fairly definite acidity could be anticipated. The non-appearance of sulphur 
does not mean that no decomposition has occurred. The decomposition probabl}" 
begins as soon as the thiosulphuric acid is liberated from its salts. The non- 
appearance of sulphur is not, as A. F. Hollemann suggested, due to the separated 
suJphur remaining in the colloidal condition, but because the sulphur is consumed 
faster than it is separated owing to the formation of polythionic acids. 11 . Bassett 
and R. G. Durrant added that all the reactions occurring in the acidified thiosulphate 
proceed with a diminution of acidity. They gradually become slower as the limiting 
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cone, of the several polythionic acids characteristic of the prevailing iiydrogen-ion 
cone, are approached. Since the Jiydrogen-ion cone. graduaDv diminishes, the 
system is never fully stable—readjustments are continually iicoessary which 
ultimately lead to the decomposition of the polythionic acids with separation of 
sulphur. T. Salzer, and F. Raschig studied the marked influence of arsenic trioxide 
in preventing the separation of sulphur, and })roinpting the formation of penta- 
thionic acid from thiosulphate. Sulphur oxidizes arsenite to oxysulpharsenate. 
H. Bassett and R. G. Durrant said that the oxysulpharsenate acts in two ways : 
(i) owing to its ready formation, it [)revents the separation of sulphur by tlie 
reaction H 2 S 203 ;F^HoSt) 3+8 owing to the direct reaction : II ,S 20 .j i H.jAsOj 
;FiH 2 S 03 +H 3 A 803 S-~assuming that this is the only oxysulpharsenate involved 
in the reaction. The oxysulpharsenate yields its sulphur to the trithioiiate forimnl 
in the reaction 2 H 2 S 203 :?-‘H 2 S f H2S3O6 to give tetrathionic and pentatliionic 
acids, (ii) It can take up any sulphur formed in the secondary reactions : 
H 3 A 803 +S^H 3 As 038 . TTnder favourable conditions, complete conversion of 
thiosulphate into pentathionate is theoretically ])ossible with the helj) of small 
quantities of arsenioiis oxide, and very good yields are actuallv obtainable. It 
will be observed that the arsenioua acid is really a vehicle for the handing on of 
sulphur to trithioriic acid just as is sulphurous acid, the oxythioarsenic acid playing 
the same role in the one case as thiosnlphunc acid in the other. 

Returning to Fig. 107, H. Bassett and K. G. Durrant added tliat if dil. soln. of 
thiosulphate be treated with less acid than corresponds with the minima in the 
curves, and then quickly neutralized before sulphur becomes visible, separation 
of sulphur may be entirely prevented if the addition of alkali lias been made an 
appreciable time before precipitation "would normally occur. If, however, th(‘ 
alkali is added very shortly before separation of sulphur would occur normally, 
its addition causes immediate separation of sulphur, and in such cases either alkali 
or lanthanum nitrate will produce a precipitate. Soln. to the right of the minima 
still give the reactions for colloidal sulphur with separation of vsulphur on addition of 
alkali or lanthanum nitrate, but it is jirobable that they also contain pentathionate 
(although this is difficult to prove), the proportion of pentathionate increasing 
with acidity and time and that of colloidal sulphur diminishing. 

In strongly acidified soln. of thiosulphuric acid, the reaction 1128203^-112803 { 8 
is delayed, so also is the formation of pentatliionic acid. This makes ii appear as 
if the thiosulphuric acid becomes more stable. H, Bassett and R. G. Durrant 
explain the facts l)y assuming that tlie thiosulphuric acid also decomposes in 
Hrccord with the reversible reaction 21128203^^11 gO-j H 2 S 4 O 5 . The acid 1128405 
is thus formed by the condensation of Iwo mols of thiosulphuric acid with the 
elimination of water. In dil. soln., the active mass of the water would prevent 
the reaction proceeding very far. A cone. soln. of zinc chloride greatly delays 
the separation of the sulphur owing presumably to its dehydrating action. It is 
assumed that the anhydro-acid, dit/tiodisulphunc acidt or dithiopyrosulphuric ncidy 
H 284 O 5 , is more stable towards a loss of sulphur or hydrogen sulphide than is thio¬ 
sulphuric acid; but in other directions it behaves very like thiosulphuric acid. 
Thiosulphate soln. which have been treated with a large excess of cone, hydro¬ 
chloric acid still reduce iodine ; they also exert a strong bleaching action on indigo, 
methylene-blue, litmus, and methyl-orange. The amount of methylene-blue which 
is bleached is in close agreement with the equation ; CioHigN 8 SCI+H 28405 -fH 20 
~CjoH 29 N 3 S.HC 1 +H 2 S 406 . The rate at which the methylene-bluo is bleached 
is very greatly increased by rise of temp. The strongly acidic bleached solutions 
are comparatively stable towards atmospheric oxidation, but the blue colour is 
at once restored by a drop or two of strong nitric acid, by hydrogen peroxide, or 
even by silver nitrate or silver acetate. There i« no evidence of the formation of 
a colourless addition compound between a mol of methylene-hlue and u mol of 
dithiodisulphuric acid or two mols of thiosulphuric acid. The dithiodisulphuric 
acid which acts on methylene blue is sujiposed to originate from the two reactions 
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2ir I 2S203'\^i2JlSo0{', and 2llS20yV‘"S40:/' j ILO, wiuVIi arc ecjuivaleiit to 
L'il hHiiO* T!jo rates of hlea(*hinu; of rjicthylene-bhic with vary- 

inpj coiK-. of Mxliuni thiosiilpliatt' and of Jjydrochloric acid aro in agreement wilii 
this. 'Idle dithiodiMilpluirie acid is supposed to he formed }>y tlie elimination of 
a mol of wati'T’ from two liydroxyl-gronps, and not from oik' h}alroAyl-group and one 
thionyl-gruuj), and to lia\e the structure : 



If, and when, either ot tiie hydrogen-ions ceases to be ionized, it can become attached 
by covalcDcies to either a sulphur or an oxygen atom. Three tautomeric structures 
are thus possible for the noii-ionized H 284 O- just as two are possible for noivionized 
thiosulphuric acid. 

The preparation of the thiosul]>hates has been discussed in connection with 
sodium tliiosulphate— ric/c infra. They are obtained : 

1. Hy tJio action of Kiilphur —(i) On the alkali or alkaline eartli hydroxides or carlionatos. 
(li) t>n the alkah or alkaline earth sulphates, chromates, or phosphates. 

2. liy the action of hydrogen sulphide or the sulphides—(i) On sulphur dioxide or the 
8uli)hites. (ii) On luaugant'so dioxide, (iii) On various alkali salts. (i\) On telra- 
thionatos. (v) On electroly.sis. 

3. lly th*> action of pol> sulfihides— ( 1 ) When oxidized hy air. (ii) W'heii the aq. soln. 
IS hoil*'(I. (ill) V\'heu OMdizcd hy dichroinates, etc. 

4. Hy the action of sulpimr dioxuio or sulphiti's -(i) On sulphur, (ii) On hxdrogen 
gulpliide or Milpiiides. (iii) On metnK or metalloids, (iv) On boiling with formic acid. 
(V') On electrolysi.'^. 

Ck .MiscellaiK'ous iimcesvcb —in ihe <l*n ompohitiun of hyposulpliiteg ; tri-, let 1 a-, and 
[icntathionales ; and nitrogen sulphide. 

6. Uiological ]) roc esses. 

C. A, Valsoii ^ represented the eaj»illary modulus of the radicle S 2 O 3 by 1*4. 
J. Thomsen e.ileulated the heat of formation of thiosulphuric acid to be 
(S 02 ,S,Aq.) - ImT Cals.; (S02aq.,8)-~-9-27 Cals.; (28,30,H2,Aq.)^ 137-8G 

Cals.; ( 2 S,()..,Aq.) — 69*5 t'ais. : and M. Berthelot gave for octahedral sulphur 
(28,02,H2fbAq.) -7!h4 Cals. For the lieat of oxidation to sulphuric acid, 
J. Thomsen gave 2J5'.34(> Cals.; and for the heat of neutralization, 28*97 (^als. 
J. A. Muller measured the amount of heat abhorbed when a mol of thiosulphuric 
acid is treated with one mol and with two mols of hydrochloric acid. The heat 
due to the formation of NaH 8203 in the one case is nearly equal to that due to the 
formation of Na 28203 from when tlie reactions occur at such dilutions 

that the changf 3 S due to secondary reactions are negligible. Hence, ihe “ acid 
energies ’’ of the two hydrogen atoms of thiosulphuric acid are nearly the same. 
A. Lindh observed that the X-ray absorption spectrum of the thiosulphates shows 
limits of ab.sorption corresponding with bivalent and sexivalent sulphur. 

A, F. Hollemann gave the mol. conductivity, fi, to be of the same order as that 
of sulphuric acid, and much above that of acetic acid. 274*6 for a mol of the 
acid in 32 litres of water ; and for t he ionic velocity for the |S 203 "-ion 78*8 calcu¬ 
lated from sodium thiosulphate; and G. Bredig calculated 91 from magnesium thio¬ 
sulphate. According to K. Jcllinek, the first ionization constant of thiosulphuric 
acid [H*][HS 203 'J'--A'i[H 28208 l is probably as great as that of sulphuric acid, 
A'l ^0*45 ; while from A. ¥. Hullemann’s measurements for sodium thiosulphate, 
the value of K 2 iii [^.* 18203 ')-^ Aji[H 8203 'j is 0*0104, which is nearly the same us 
that of sulphuric acid. K. Jellinek, therefore, concluded that the strength of the 
acid function of oxygen and sulphur is about the same. I. M. Kolthoff held that 
sulphur has a stronger electronegative action than oxygen, and he found for A'o 
of thiosulphuric acid, Ag—O-OD? at 15"^. F. R. Bichowsky gave •—125,110 cals. 
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for free energy of formation of the thiosulphate ion at 25*^. F. J. Factor said that 
tlie ions with soln. of sodium thiosulphate are Na’, and S^O;/', but at a higher 
temp. Na*- and NaSoOg'-ions are formed. He fouiul that when a soln. of sodium 
thiosulphate is electrolyzed there arc formed sulpliur, hydrogen sulphide, tetra- 
thionic acid, sulphur dioxide, and sulphuric atud. (\ J. Thatcher found that when 
sodium thiosulphate is electrolyzed using a platinized cathode, tetrathionate is 
produced so long as the soln. remuin.s neutral or faintly alkaline ; whereas if the 
soln. becomes acidic or strongly alkaline, other reactions occur producing sulphur, 
sulphite, and sulphate. The formation of sulphate in a strongly alkaline soln. 
is attributed to the presence of trithiouate which is produced along with thiosulphate 
by the hydrolysis of the tetrathionate. The trithionate is then oxidized to sul¬ 
phate ; the tetrathionate is not oxidizetl in neutral or acidic soln. The electro¬ 
oxidation of thiosulphate to tetrathionate occurs with an anode pottmlial difference 
of —0-75 to -0*95 volt; and the oxidation is not regarded as a direct secondary 
chemical process of oxidation by, presumably, oxygen formed in the primary 
j>rocess of electrolysis. 'Phis chemical oxidation is accelerated by the platinized 
electrode, for if the platinum is clean and bright, the amount of oxidation for the 
same amount of electricity is much smaller. That the oxidation of thiosiilphat(‘ 
is an indirect process is deduced from the variation of the potential-current curves 
with the cone, of the various ions inv^olved ; by this means, it is shown that hydroxyl 
or oxygen ions are discharged at the electrode. Further, the influence of certain 
uon-dissociated ‘‘ poisons ”—such as mercuric cyanide—on the potential differen(*e 
between platinum and thiosulphate soln. shows that in the process 8 o 03 "~>S 405 " 
oxygen or some compound of oxygen is involved, and that the metal of the 
electrode acts catalytically. The mechanism of the reaction is, therefore, repre¬ 
sented 0 +G==i^ 2 ’ > S 40 e"+ 0 "““ infra, ammonium and 

sodium thiosulphate. J. Scheffer and F. Bohm observed that the reduction 
potential of thiosulphate—^tetrathionate in an atm. of nitrogen is not constant 
for £’3—0-323 volt at the beginning, and 0-218 volt after 20 hrs. The reaction 
2 S 203 "+ 2 @^S 406 '' is reversible, and the normal potential of S 203 ~»S 4 ()tj in 
neutral soln. is nearly 0-40 volt. 

The chemical properties of the thiosulphates. —The thiosulphates with water 
of crystallization lose their water at KK)^-21o^. This subject was studied by 
0. Dopping,*^ C. Pape, and E. A. Letts— vide the individual salts. At higher temp., 
in the absence of air, sulphates and polysulphides are formed as shown by H. Rose, 
L. N. Vauquelin, M. Berthelot, and V. F. Rammelsberg with the alkali and alkaline 
earth thiosulphates (q.v.). A. Jacques observed that with a rapid rise of temp., 
sodium thiosulphate forms the sulphite, and sulphate as well as hydrogen sulphide 
and sulphur. When the thiosulphate is heated in hydrogen, it is reduced to a 
sulphide. When sodium thiosulphate is heated in air, F. Chaussier said that the 
sulphur burns. According to J, L. Gay Lussac, aq. soln. of the thiosulphates 
remain unchanged when exposed to air, but if over 2 mols of potassium hydroxide 
are present per mol of thiosulphate, oxidation occurs : K 2 S 20 i+ 2 KOH+ 2 O 2 
~- 2 K 2 SO 44 -H 2 O. S. L. Pickering found that the sodium salt is more stable than 
the potassium salt; the soln. is more stable if light be excluded, and, in agree¬ 
ment with A. V. Harcourt, in the liquid made alkaline with potassium hydroxide, 
but ammonium carbonate acts unfavourably. W. Petzold found that in the pre¬ 
sence of acids, thiosulphates are first polymerized to pentathionates, r>S 2 O 8 " 4 - 10 H' 
=28505 +4H +3^0; but thiosulphate may be regarded as an end-product 
m the decomposition of aq, soln. of the polythionates—t.e. the tri-, tetra-, and 
penta-thionates. E. Collard found that a 0‘DV-Na2S2O3 remained unchanged in 
concentration for 3J years ; but J. Davidsohn found that the soln. slowly decreased 
m strength, and not always, as E. Abel supposed, owing to the presence of traces of 
copper, Kolthoff also found that soln. of sodium thiosulphate decompose 

more rapidly in light than in darkness. The oxidizing action of air may be pre¬ 
vented to some extent by covering the soln. with a layer of light petroleum* The 
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presence* of alkaline substances prevents the decomposition almost completely. 
'J'he addition of about 0*2 firm, of sodium carbonate per litre is sufRcient to ensure 
in great measure the stability of the soln. 'J'he accelerative effect of deposited 
sulphur on the decomposition is probably due to bacterial action. I'he decono 
position may be retarded by the addition of 0*01 gnu. of mercuric iodide per litre 
of soln. F. L. Hahn and H. Windisch said that the addition of a very smiill amount 
of alkali enables thiosulphate soln. to be preserved wit}u)ut alteration in strength 
from the first day. The change which they otherwise suffer appears to be caused 
))y the faintly acid reaction of distilled water ; it certainly does not depend on the 
formation of sulphite or sulphide. According to A. Skrabal, O-UV-soln. of sodium 
thiosulphate having an H*-ion cone, between and 12 , after 5 months, had 

decreased 1*28 per cent, in strength, whilst soln. with to 10 had not ( hangiHU 

Soln. of greater acidity than this did not obtain a constant litre at any time during 
the tests, and, in tlie case of soln. of b sulplmr separateil during the first 

few weeks and then gradually redissolved. Both hydrog(*n sulphidt^ and 
sulphur dioxide could be detected at diffenmt times in these soln., so triiat 
they probably confaiiu'd ]»olythionic acids after prolonged storage. The addition 
of small quantities of co])]>er siil])hatc lowered the titre even of tin* more 
alkaline soln. E. Abel showed that traces of copper favour the ageing of 
soln. of sodium thiosulphate, by reactions symbolized: 2 Cu''d- 2820 /'- 2 ('u' 
J 2Cu*-| J 02 “» 2 Cu‘'-f 0^"; The function of the carbon 

dioxide is to form carbonic acid and thus provide the necessary hydrogen- ions, 
since otlierwise the (‘atalyst would be precipitated and rendered practically 
inactive by the hydroxyhions. Stabilization of the soln. by addition of alkali 
(or corresponding compounds which neutralize acids and ])recipitate (' 0 ])per) is 
thus satisfactorily explained. The automatic stabilisation of the soln. by ageing 
is due, not only to consumption of the dissolved carbon dioxide, but aho to loss 
of catalytic activity of the copper. F. Feigl suggested that the alteration of thio¬ 
sulphate soln. on keeping may be due to the decomposition of the thiosul])luite 
into sulphate and sulphur which, under the influence of hydrogen-ions or o^ carbon 
dioxide, combine to form the co-ordination complex [80 S OOjNao. K. Jablczynsky 
and co-workers studied this reaction— vule bupra, the action of light. M, and 
M. L. Kilpatrick found that freshly-boiled, redistilled water yields a soln, of thio- 
sul[>hate that is more stable than a soln. made with ordinary laboratory distilled 
water, ordinary distilled water, or redistilled water through which carbon dioxide- 
free air has been bubbled. Carbon dioxide, oxygen, and dilute sodium hydroxide 
have very little effect on the stability of soln. of sodium thiosulphate. The decom- 
]K> 8 ition in these soln. may be caused by bacteria. N. N. Mittra and N. R. Dhar 
found that in the simultaneous oxidation of sodium sulphite (primary reaction) 
and thiosulphate (secondary reaction), the speed of the primary reaction is reduced. 
According to \V. Gluud, at 100 '', in contact with air under 10 atm. press., sraliuni 
thiosulphate undergoes total transformation into sulphate, provided that sufficient 
alkali is present to unite with the sulphuric acid formed from the sulphur ; if such 
excess of alkali is lacking, part of the sulphur separates in a free state. A lower 
press, than 10 atm. may be used, but in such case either the temp, must be raised 
or the duration of the action increased. C. Mayr found that the prolonged passage 
of a current of pure air or of pure carbon dioxide or of a mixture of both through 
thiosulphate solutions prepared from freshly-boiled water causes no change in the 
litre, but exposure of the same soln. to ordinary air soon results in the deposition 
of sulphur, and first a slight increase, then a more rapid decrease in the titre. This 
has been proved to be due to inoculation of the soln. with sulphur bacteria derived 
from the air; in the presence of carbon dioxide, the bacteria thrive to a limited 
extent and cause first the decomposition of the thiosulphate into sulphur and 
sulphite, and then the oxidation of the sulphite to sulphate. The immersion of 
a piece of bright copper wire in a sterilized thiosulphate soln. results in a similar 
decomposition which is more rapid the higher the temp. A. Nathansohn. 
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G. J. Fowler and co-workers, W. T. Lockett, and W. Lascli studied the oxidation 
of thiosulphates by bacteria. C, Mayr and E. Kerschbauni studied th<‘ 
<lec(uup<).sition of solii. of sodium thio.sulphate and said that then' arc three 
iictiv^e kinds of bacteria. One causes the reaction: 2 Na 2 S 20 ;i“| HoO+O 
Na.S 40 c 4 i^NaOII; a second : NiioS^Og -NuoSOa and NaySOad-O- Na 2 B 04 ; 
and a third, \ 2 NaOH and S+30 f H 2 O- H 2 SO 4 . 

One vol. per cent, of amyl alcohol sterilizes the soln. V. F. Capaun found that when 
water and sodium thiosulphate are heated in a sealed tube, sulphur and sodium 
sulphite are formed ; if air be present, sulphate is produced. The hydrolysis of 
benzyl thiosulphate by alkali-lye w^as found by T. S. Price and D. F. Twiss to 
furnish sodium sulphite, benzyl disulphide, and thiobenzoic acid, and E. Fromm 
and F. Erfurt, also benzylsulphuric acid. E. Pictsch and co-workers studied the 
surface conditions in tlu' elHorescence of the salt. 

E. H. Ri<'senfeld and T. F, Egidius found that neutral soln. of thio¬ 
sulphate r(‘act with ozone, forming sulphate and dithiouate, but alkaline soln. 
give oil oxygen so that two atoms of the ozone are active. According to A. Nabl, 
tlie reaction of acp soln. of sodium thiosulphate with hydrogen dioxide can be 
represented : 2 Na 2 S 203 -l-H 202 -- Na 2 S 40 e+ 2 Na 0 H, juovided the alkali hydroxide 
be neutralized as fast as it is formed, otherwise, the tetrathionate is decomposed : 
2 Na 2 S 20 j -p 7 H 202 ^ 2 Na 2 S 04 +H 28206 +- 6 H 20 , and the dithionic acid is converted 
to sulphuric acid : H 2 S 206 +H 2 d 2 “He also suggested that in neutral 
soln., a compound, possibly HO.HoH, is formed. R. Wilktatter observed that if 
the sodium thiosulphate and hydrogen dioxide are in the molar proportion 1 : 2 , 
a iniKture of sulphate and trithionate is formed : 3 Na 2 S 203 + 4 H 202 = 2 Na 2 S 3 ()o 
•f 2 Na 011 -rdH 20 ; and Na 2 S 203 -f 2 Na 0 H-f 4 H 202 -" 2 Na 2 S() 4 -f 5 H 20 ; unlike 
A. Nabl, he observed no formation of tetrathionate, as in the case of sodium sulphite. 
A. C'asolan represented the reaction : Na 2 S 2 O 3 -f- 4 H 202 +H 2 G=Na 2 S 04 -j II 28 O 4 
-(- 11120 . Jf the hydrogen dioxide be quite neutral, no alkalinity with phenob 
phthaloin <ippears in the interaction vrith a thiosulphate ; but with methyl-orange, 
an alkalinity corresponding with 2 Na 2 S 203 -f-H 202 ” Na 2 S 406 -j- 2 Na 0 H appears. 
As time goes on, the alkalidity of the liquid towards methyl-orange gradually 
diminishes, and the whole of the thiosulphate finally exists as sulphate. When 
the reaction takes place in presence of a salt the corresponding hydroxide of which 
is insoluble, such as a zinc, nickel, or cobalt salt, there is immediate precipitation 
of the hydroxide, and the soln. remains perfectly neutral ; in this manner any 
J)o^slblc action of the hydroxyl ions on the ions derived from the dissociation of the 
thiosulphate is avoided. The calculation of the alkalinity developed from the 
amount of metallic hydroxide precipitated shows that this alkalinity is exactly 
double that indicated by methyl-orange, so that the whole of the sodium thio¬ 
sulphate is transformed into sodium hydroxide, according to the equation: 
Xa 28203 -f H 202 = 2 Na 0 H-f 82 O 3 . There is then a further action, represented in 
t he cold probably by 48263 + 5 H 202 =H 2 S 40 e 4 - 4 H 2 S 04 , which is in accord with 
A. NabTs results ; and in hot soln, by 4 S 203 + 5 H 202 =H 2 S 30 e+ 4 H 2804 +S, which 
agrees with R. Willstatter s results. Hence, under these conditions, hydrogen 
dioxide can cause the complete dissociation of sodium thiosulphate into 2 Na* and 
*^ 26 /j formation of tetrathionate being due to a secondary action of the S 2 O 3 
aniijn with excess of the dioxide, whilst trithionate is formed as the result of decom¬ 
position of the tetrathionate by heat. F. Ferraboschi observed that no ozone is 
lormcfl when sodium thiosulphate is oxidized with hydrogen dioxide. If a denotes 
llie cone, of hydrogen dioxide, and b that of the sodium thiosulphate, E. Abel found 
that the reaction: H 202 + 2 S 203 "+ 2 H*—S 40 e''+ 2 H 20 in acidic soln. is bimole- 
cular and can be represented by dxjdi^k{a —x)( 6 —x), where the velocity constant 
A- The reaction is accelerated by H’-ions. It is assumed that during the 

reaction there is an intermediate separation of electrically neutral S 20 ^‘ion 8 which 
determines the velocity of the reaction, iodide-ions act catalytically on this 
intermediate reaction. The catalysis by iodide ions occurs in acetic acid soln. 
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provided enough acetate is present to reduce the cone, of the H*dons. It is con¬ 
cluded (i) that the thiosulphate is oxidized with great velocity by hypoiodite 
directly to tetrathionate, according to the equation: IO'+ 28203 "+ 2 H* 
--''S 40 e"+I'+H 20 ; (ii) that the catalysis of the hydrogen dioxide and thiosulphate 
reaction by iodine ions does not necessarily require the intermediate separation 
of iodine, cases possibly occurring in which the reactions lead directly to the forma¬ 
tion of the tetrathionate, that of the intermediate product, iodine, being completely 
suppressed, and (iii) that the decomposition of hydrogen dioxide by the catalytic 
action of iodine ions is a catalysis of an intermediate reaction, the first stage being 
directly detected by the reaction with thiosulphate. The addition of molybdic 
acid, even in the smallest concentrations, produces a far-reaching change in the 
nature of the reaction between hydrogen dioxide and thiosulphates. 

The less energetic oxidizing agents convert thiosulphates into tetrathionates - 
e,g. hydrogen dioxide (A. Nabl),® iodine (M. J. Fordos and A. Gelis), potassium 
iodate (E. Sonstadt), cuprous cliloride (F. Kessler), ferric chloride (M. J. Fordos and 
A. Gelis), and selenious acid (J. F. Norris and H. Fay). G. Jorgensen, and 
M. J. Fordos and A. Gelis observed that chlorine and bromine oxidize thiosulphates 
to sulphates : Na 2 S 203 -f 4012 + 51120 —Na 2 S 04 +H 2 S 04 -f 8 H 01 ; and they pro¬ 
posed it as an antwhlor in the bleaching and papermaking industries as in the 
patent of M. Dambreville in 184(). G. Lunge said that the main reaction proceeds : 
2 Na 2 S 203 +Cl 2 ™ 2 Na 01 +Na 2 S 406 , although some reacts in accord with M. J. Fordos 
and A. G^dis’s equation: and possibly also: Na 2 S 203 +Cl 2 +H 205 KNa 2 S 04 

+2HC1+S. C. Mayr and J. Peyfuss represented the reaction with bromine in 
alkaline soln., Na 2 S 203 + 4 Br 2 + 5 H 20 —Na 2 S 04 +H 2 S 04 + 8 HBr; while iodine 
oxidizes the thiosulphates to dithionates. In alkaline soln., with chlorine or 
bromine it is probable that a hypochlorite or hypobromite is first formed, and, 
according to G. Lunge, when the thiosulphate is present in excess, the liquid 
becomes acid, and some hydrogen sulphide is evolved; presumably owing to the 
reaction: 2 Na 2 S 203 =Na 2 S 80 (|+Na 2 S, followed by the decomposition of the sulphide 
by the acid. F. Raschig said that sodium hypochlorite ox'iizes thiosulphate 
in acidic soln. giving partly sulphate and partly tetrathionate. A. W. Francis 
found the velocity constant of the oxidation of sodium thiosulphate with 
bromine to be 15. F. Dic^nort and F. Wandenbulcke found that in dil. soln. the 
reaction proceeds according to the equation 3 Na 2 S 203 + 5 Cl 2 -+ 5 H 20 “Na 2 S 04 
+8HCl+H2S04+Na2S406+2NaCI or 5NaOCl + SNaoSgOg + 5 H 2 O = 2 Na 2 S 04 
+Na 2 S 40 (j+ 5 NaCl+ 5 H 20 . In the presence of acids, however, or even in 
the presence of sodium hydrocarbonate, much less sodium thiosulphate is re¬ 
quired, the reaction being Na 28203 + 4 Cl 2 + 5 H 20 = 2 NaHS 04 + 8 HCL M. Berthelot 
said that in oxidizing the thiosulphate to sulphate, 150 Cals, of heat 
are liberated. For the action of hydrochloric acid* vide infra, formation of 
pentathionic acid ; Na 2 S 203 + 2 HCl=S 02 +S+ 2 NaCl+H 20 . 6. Vortmann gave 
H 2 S 2 O 3 —H 28 + 802+0 ; and W. Vaiibel: 1128203 =H 2 S+SO 3 . According to 
A. Kurtenacker and A. Czernotzky, the quantity of polythionate produced during 
the decomposition of JV-»odium thiosulphate soln. by hydrogen chloride diminishes 
as the acid cone, is increased. Mercuric chloride, lead acetate, bismuth trichloride, 
sodium tungstate, or sodium sulphide soln. have no marked influence on the re¬ 
action. On acidifying a thiosulphate soln. which contains a small quantity of 
arsenite or arsenate, a strong odour of hydrogen sulphide is produced, which is 
rapidly replaced by that of sulphur dioxide; after some minutes a precipitate of 
sulphur and arsenious sulphide commences to form. For constant arsenic content, 
approximately equal quantities of tetra- and pentA-thionate are formed at low 
acid cone.; at moderate cone, pentathionate alone is produced, whilst with higher 
cone, penta- and hexa-thionates arc obtained. At constant acid cone, an increase 
of the quantity of arsenate in the soln. results in the formation of more tetra¬ 
thionate, probably on account of partial neutralization of the acid present by the 
arsenite soln. Although an excess of arsenic acid should convert all the thio- 
VOL. X. 2 k 
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siilphato into toirathionate, some pentathionate appears to be formed. Arseriious 
lias iio influence on the thiosulphate decomposition, and arsenic tri- 
cljl(»rid<' but little, Tervalent antimony has much less effect than has arsenious 
acid, wliilst with inolybdic acid th(‘ yield of j)ol 3 i:hionato is very small; in presence 
of stannic chloride considerable (piantities of polythionate are produced, 
fv 11. Riesenfeld and G. Sydow found that the decomposition of sodium thio¬ 
sulphate in hydrochloric acid soln. alom* thiosulphate may decompose accordin^i^ 
to either of the following sehenns, dep(‘iiding on the acidity: (i) S 203 ''+H* 
H 8 ()/~rS, and (ii) 58203 "-{- 6 H*^ 2850 o"+ 3 H 20 . The sulphurous acid formed 
in (i) tlien rc'act.s M’ith the ])entatliionic acid formed in the second reaction, giving 
first t<‘trathionie, thou trithionic acid, thus (iii) S 506 "-f-S 03 "-™S 406 "~f-S 203 ", and 
(iv) 1 »80j" ” 8 jO,;" 4 -S 203 ", Tiithionic acid may also be formed by the 

action of sulpliurous acid on thiosulphuric acid, thus : (v) S 2 O 3 " 

, 211* 28j(h/-{ 5 II 2 O. In strongly acidic soln., however, trithionic 

a<*id decoinj>o<>(‘s ra])i(liy a.s follov\s: (vi) S+SO2+SO4". The addition 

nf arsenious acid to the n'action mixture of hydrochloric acid and thiosulphate 
nd.irds the reaction (i) and in the absence of sulphurous acid reactions (iii), (iv), 
and (v) cannot tik(‘ ])lac<‘. Hence peutathionic acid formed according to (ii) is 
practi(*al]y tie' soh- pnKliict of tlie reaction in the presence of arsenious acid. 0 . von 
Deiues f<mn<l that -<une hvdn>g(‘n j)(‘rsal|diide is formed by the action of 3A^-H(d 
on thiosii][)har<‘ • 2 H 28>()3 - 112824 -H 282 O 6 . It is assumed that sulphoxylic acid, 
H 28 O 2 . or siilpliowlic anhydrnle, 80, acts as an intermediate product so that 
Mil]»hur dioxid(‘ is reduced by sulphoxylic acid like it is by hypophosphorous acid, 
forming, in both rases, hydrogen persulfdiide. 

M. J. Fofdos and A. Gelis found that when iodine reacts with sodium thio- 
suljdiate, sodium tetratliionut(‘ is formed : 2 Na 282 O;j 4 -T 2 -:= 2 Nal 4 *Na 2 S 4 O 0 , which 
H. Herthdu rojire.^'enled ; 4 Nh |- 2 S 203 "-rLH reaction 

was studied by F. 0. Rice and co-workers, E. Miiller and H. Kogert, H. CIos, 
8 . RopofF and J. L. Whitman, ami W, C. Bray and H. E. Miller. A. von Kiss 
and I. B()ssan}'i studied tie* temp. co(‘ff. of the reaction, and the effect of the pre¬ 
sence of neutral salts. 8 . U. Pickering found that a little thiosulphate is at the 
same time oxidized to sulphatis NallSO^, and the proportion increases with 
rise of temp, vso that at 204 2-1 jK*r cent, of the iodine is consumed in forming 
the hydrosulphat(‘. The result is not affected by the cone, of the soln., 
the cone, of the potassium iodide, or the cone, of the hydrochloric acid present. 
G. Topf, (\ Friedheim, R. H. Ashley, J. P. Bate}% and E. Abel also found the 
oxidation may proceed further than the tetrathionate ; while I. M. Kolthoff 
said tliat in neutral or weakly acidic soln., the reiictiori between iodine and 
thiosulphate takes j>]ace in accord with 2 Na 2 S 203 +l 2 =-Na 2 S 40 e 4 - 2 NaL In 
weakly fdkaline soln., part of the thiosulphate is oxidized directly to sulphate 
\Mthout the intermediate formation of tetrathionate. The side reaction may be 
n‘i)res(‘nted in two stages : l 2 -fGH'=HOI~fI', followed by 4 H 0 I+S 203 ''+ 60 H'' 
™2SOi''-+-4r4 r►H 20 . In sufficiently strongly alkaline soln., all the thiosulphate may 
i i \ this wa v bo oxidized to sulphate. In strongly acidic soln., the reaction is as in neutral 
the decomposition of the thiosulphate by the acid being slow in comparison with 
the fonnution of tetrathionate. A. Gutmann observed that a soln. of sodium ethyl 
tldosulphate does not react with iodine, it does not dissolve silver halides, nor 
docs it give a blue soln. with a cupric salt, or form potassium thiocyanate with 
potas.^^ium cyanide. W. B. Morehouse observed that the absorption of X-rays after 
the reaction: 3 KI-rl 2 + 2 Na 2 S 203 ^ 3 KI+ 2 NaId*Na 2 S 403 , wa.s about0*24 less than 
before ; and in 70 per cent, alcohol soln., the reaction l 2 -f- 2 Na 2 S 2 C^=» 2 NaI 
-\ Na 2840 |^ was about b’*36 per cent. less. According to K. Jablczynsky and co¬ 
workers, the velocities of the reactions between iodine in chloroform and a<j. sodiam 
thiosulphate and lietween benzoic acid in carbon tetrachloride and aq. sodium 
hydroxide, as in the case of other heterogeneous reactions, are controlled by the 
rates of diffusion through surface layers at the boundary of the phases, and the 
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general equation in deduced : A"~~(r/0*4343<)X log Co/r, in which v is the volume of 
chloroform or carbon tetrachloride, Cq the initial cone, of iodine or benzoic acid, 
and c the cone, after t. The velocity constant depended on the rate of stirring of 
the aqueous layer (the lower Layer not being stirred) and that tlie temp. (‘oeff. was 
much lower than for chemi(‘a1 processes. (L L. (Vittrell found that the absorjilion 
of X-rays by iodine in the reaction Io+ 2 Na 2 S 203 “ 2 NaI-j Na 2 S 403 is on the long 
wave-length side of the /i-limit about 0-3 jier cent, greater, and on tlie short wave¬ 
length side about 0*5 per cent, greater than for combined io{rme. Aeeordirvj^ to 

K. , 1 . Maiirnene, the action of iodine on barium thiosulphate may form not only 

tetrathionate, but also hyjiosulphurous acid, emieatbionic aeid, 

; indeed, seven acids in addition to the tetrathionic acid slnniLl he jM)ssil)]<‘ 
according to the proportions of iodine and of thiosulphate em]>loy(‘d. 

A. W. Francis found that iodine distributes itself between sodium hydrosulpliito 
-and tiaosulphate in the ratio 0*41 : 0*59 ; and bromine gave nearly th(‘ same results. 

L. L. do Koninck found that cyanogen iodide dissolv<‘d in h vdriodie iu id yields tetra- 
ihionate wit h thiosulphate; and if dissolved in neutral potassium iodi<h*, t(‘tra 1 hionate 
and sulphate are formed, (’. Meineke represented the reaction witli sodium tlimsul- 
jilmte and cyanogen iodide in acidic soln. by the equation 2 CyI \ lNa 2 S 2 ()rj 2H(1 

■ 2 Na 2 S 406 + 2 Na(d+ 2 NaI-j- 2 HCy ; and in neutral soln., 3 mols of cyanogen 
iodide react with 5 mols of sodium thiosulphate, producing one mol of sodium 
sulphate - due, it is assumed, to a secondary reaction between the alkali anide and 
tetrathionate. A, E. Dixon and »T. Taylor represented the reaction with cyanogen 
bromide as involving first the production of alkali cyanide : NaO.SOo.SNa-l ('vBr 
^ - Na().S 02 .SNa : CyBr~NaCy-l-NaO.SO 2 .SBr, followed by NaO.SOo.SBr 
+NaS.S 02 . 0 Na~~NaBr-f-Na 2 S 406 , and the alkali cyanide reacts with the tetra¬ 
thionate producing hydrogen cyanide, etc., as represented bv the equation : 4 CyBr 
-|- 8 Na 2 S 203 f H 2 O --- Na 2 S 04 -f Na 2 S 03 2NaSCy d- 2HCy + 3 Na 2 S 406 f 4NaBr. 
A. Kurtenacker .showed that there is no such difference between the effect of 
cyanogen bromide and iodide as is here implied. In neutral soln. the re«oction may 
he represented by the equation: 3CNBr- 4 - 58203 "-fH 2 O ~3Br'-| 2 IK'N 4 -CNS' 
“! 804 "'- 4 * 28400 ''. In acidic soln. the thiosulphate goes entirely into tetrathionate 
according to tlie equation BrCN- 4 - 2 S 203 "+H’=Br'H-HCNd~ 840 o". This is probably 
also the primary reaction in neutral soln., for during the reaction the soln. become 
temporarily alkaline through the formation of sodium cyanide. The latter, however, 
reacts with tetrathionate according to the equation 3 NaCN+Na 2 S 403 - 4 -H 20 
-“NaCNS-f Na 2 S 044 ^HCN-hNa 2 S 203 . The thiosulphate thus regenerated reacts 
further with halogen cyanide, and the net reaction is : 3 CyBr-|~r)S 203 "- 4 -H 20 -3Br' 
-f- 2 HCy 4 ~CyS'+ 804 "-(- 2 S 403 ". According to L. Ji. de Koninck, hy^iodltes 
oxidize thiosulphates as in the case with hypochlorites and hypobrornites : Na 2 S 203 
-4-4NaI04 H 20 = 2 NaHS 04 - 4 - 4 NaI. W. Spring, and M. J. Fordos nnd A. G^lis 
found that chloric add, or an acidified soln. of potassium chlorate oxidizes thio¬ 
sulphates to tetrathionates. W. Feit and K. Kubierschky said that an acid soln. of 
potassiam bromate, or bromic add, completely oxidizes thiosulphates in acidic 
soln. to sulphuric acid and water. A. Casolari represented the reaction : HBrO,^ 
+ 6 H 2 S 208 ==HBr+ 3 H 2840 e- 4 “ 3 H 20 , and the reaction was studied by F. Fischer 
and W. F. Tschudin. E. Sonstadt said that an acid soln. of potassium iodate, or 
iodic acid, oxidizes thiosulphates to tetrathionates; E. Riogler represented the 
reaction : 6 Na 2 S 203 + 6 HI 03 ~ 3 Na 2 S 4064 'l>Nal 03 +NaI- 4 ~ 3 Ho 0 ; and C. F. Walker 
added that the reaction is more complex than this, being influenced by time and con¬ 
centration. When all the thiosulphate has been converted into tetrathionate and 
iodide, more iodic acid liberates iodine. G.S. Jamieson represented the reaction: 
Na 2 S 208 + 2 KI 03 - 4 - 2 HCl===Na 2 S 044 -K 2 S 04 + 2 lCl 4 Ho 0 . W. R. J.evinson studied 
the catalytic effect of so<liiim thiosulphate on the reduction of iodates by sulphur 
dh)xid(*. 

When heated with SUlphUT, the thiosulphates are reduced to Milpliide>. When 
faydrogeu sulphide is passed into a soln. of sodium thiosulphate, sulphur is preri]>i- 
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tatecl, slowly at ordinary temp., ])ut more quickly on warming the soln. W. Pet- 
zold 7 represented the reaction with hydrogen sulphide: 2 H'+S 2 ®a^+ 2 H 2 S 
3ILO I IS. According to H. Bassett and R. G. Durrant, the sulphur is produced 
hy the decomposition of the thiosulphate : HoS-jO^—H 28 O 3 +H, and to the reactions 
lioS+ILSoO^^-lIO.S.O.S.OH-f S( 0 H) 2 , and 8 (OH) 2 +HoS-= 2 H 20 + 28 . When 
heated, the soln. becomes yellow owing to the formation of polysulphide, and if the 
passage of ga ^ be discontinued, the whole of the precipitated sulphur ultimately 
dissolves. If tlic soln. is fioiled for a snthcient time, the yellow colour disappears, 
and the soln. is then, as a rule, alkaline to })henolphthalem. If hydrogen sulphide is 
again passed in, more sulphur will be ]>recipitated, and will dissolve on heating. 
During the boiling, nil the reactions of decomposition whicli occurred during the 
passage of h} drogen sul{)hide are reversed with regeneration of thiosulphate, but 
during this jieriod there is a tendency for sodium sulphide and sulphite to produce 
some free alkali owing to hydrolysis. The action of SUlphUT dioxide on soln. of 
tbiosul]>hat(‘s was stndi<‘d by H. Hertlein, M. Berthelot, N. Villiers, H. (los, 
F. Overdick, W, Spring, ct(\ According to 11. Debus, when potassium thiosulphate 
is dissolvc'd in an exce ss of a cone. soln. of sulphurous acid, the intense yellow soln. 
(‘an be kept without tlie s(*])aration of sulphur or other apparent change. Hydro¬ 
chloric acid prccij>itatcs stiljihnr from the liquid; alcohol gives a crystalline 
precipitate ecuitaining sonic globules of sulphur ; and barium chloride gives a 
inixcHl precipitate of barium thiosulphate, sulphate, and sulphite. Hence, 
]>otassiiiiu thiosulphate is deeoniposed by sulphurous acid into potassium sulj)hit(‘ 
and thiosnlphuric acid, wliicli remains unchanged in a large excess of sulphurous 
acid. With a smaller proportion of sulphurous acid, the liquid turns yellow 
and smells of snl[)]inr clioxidc, but loses both colour and odour in the course 
of a few days, and snlpluir is ])rccipitatc‘d. Absolute* alcohol added to the dec’om- 
posed soln, of potassium thiosulphate precipitates j)otassium trithionate, and 
pemtathionate is found in the filtrate. Not half the amount of sulphur required 
i)y the equation 2 K 2 S 203 -f ekSOo- 2 K 283 () 6 -f S is precipitated. Some tetrathionate 
also is formed. It is tlierefore inferred that sulphurous acid decomposes a portion 
of potassium thiosulphate, forming the sulphite and thiosnlphuric acid which, by 
eondetisiition, is transformed into pentathionic acid and then to potassium penta- 
thionat-e. Bart of the thiotoulphune acid decomposes into sulphur and sulphurous 
acid. Botassium sulphite and pentathionate form thiosulphate and trithionate. 
Hence, [lotassium trithionate is the chief product, and the tetratliionate and penta¬ 
thionate, and sulphur are minor products: 6 K 28203 + 9 S 02 -"-K 2850 e-|-K 2 *S 40 Q 
[- 4 K 2 S;/)^j. Less fientathionate and tetrathionate, and more trithionatfC are pro¬ 
duced tlian is iudicated hy this equation because of the precipitation of sulphur : 
2 K 282 D 3 r‘hS 02 ~ 2 K 2 S 30 (j r 8 . H. Bassett and R. G. Durrant consider that 
the presence of sulphurous acid favours the decomposition: 2 H 28203 ^-~H 28 -| H 2830 (j, 
by partly preventing the reaction > 128203 ^ 112803 “}- 8 , partly by forming the yellow, 
stable complex H 282 O 3 . 8 O 2 , and partly by removing hydrogen sulphide. The 
sulphur which is formed under these conditions usually regenerates thiosulphate 
without being deposited. H. Hertlein obtained a quantitative conversion of thio¬ 
sulphate into trithionate by acting on a sat. soln. of potassium thiosulphate wdth 
cone, sulphurous acid at 30"^. Under ideal conditions the reactions which occur can 
be summarized by K 2 S 2 O 3 4 - 4 S 02 H-H 20 ^-K 2 S 306 d-H 2830 e. Action does not 
cease with the formation of trithionate. the continued action of sulphurous acid 
causes liydrolysis of trithionatrC, and ultimately sulphate and sulphur appear; 
tetra- and penta-thionate may be formed in the intermediate stages. W. Fehl 
represented the reaction between thiosulphates and sulphur dioxide : 2 (NH 4)28203 
1-3802 “ (NH 4 ) 2 *^ 3 ^ 1 o i ^ 4 ) 28400 , and F. Raschig said that the intermediate 
stages involve the formation and decomposition of pentathionate: f)Na 28203 
*'1' 38 O 2 '‘ 2 Na 28303 f-dN *12803 ; followed by 2 Na 2850 ^*-f- 3 Na 2 S 03 ’^Na 28303 
rNfl 28406 -j“ 3 Na 28203 . F. Forster and R. Vogel found that when a soln. of a 
thiosulphate is treated with an acid, it is inferred that the balanced reactions which 
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occur can be symbolized S203''4 ; and i S, or (i) 

S 208 ^+HV-H 803 'd-S, because the bydrosulphite and llu* tllio^ulphatc on acidifica¬ 
tion furnish sulphur and sulphurous acid ; chanji^es in the coiu . of the 8uf>stances 
taking part of the reaction alter the equilibrium in Mcc'ord with tliis equation ; and 
when thiosulphate soln. are decomposed by weak acids, tlie equilibrmni constant, oir 
applying the law of mass action is A'-=.[ 8203 ''l|H’J/f]lS 03 'J, or'A'~-(>13 at 11 \ Tlie 
yellow colour of the thiosulphate soln., after the addition of an excess of sulphurous 
acid, is attributed not to colloidal sulphur, but rather to complex anions in which 
sulphur dioxide is co-ordinately linked to the thiosulphate ions as exemplified by 
the formation of the complexes K 2 B 8 O 3 .SO 2 , etc. -and there is the ])alanced reat thin: 
(ii) S 203 "-f 802 ^ 8203 ( 802 )r, which also involves (iii) ll’-f-HSlV *H 28 () 3 --%S 02 
-f H 2 O. By sufficiently acidifying the thiosulphate solutions, e(]uilibrium (li) can 
set ill, with consequent yellow coloration of the soln. Since by the ajipearance of 
(ii) the cone, of thiosulphate is diminished, the separation of sulphur in ( 1 ) may be 
hindered by sufficiently lowering the hydrogen-ion cone, or increasing liydrogeu 
sulphurous acid cone., i.e. the ratio of the cone, of sulphurous acid to that of thio¬ 
sulphate must be somewhat greater than (i). According to (ii), it must be greater 
the smaller is the thiosulphate concentration ; such solutions are yellow and remain 
completely clear for some time. The systems (i) and (ii) may change so that tri- or 
penta-thionates are formed: (iv) 58203 "+ 6 H‘-► 2850 f/'-t'"^H 20 ; or (v) 820 /' 
d- 4 H 82 () 3 '+ 2 H' ^ 2850 (i"-f- 3 H 20 . The pentathionate niav also change (vi) 850 ^" 
4 HS 03 '--S 406"4 S 2 O 3 " -t-H*, andS 40 fl"+HSa/^-^S 30 e"+S 203 " 4 -H\ The trithio- 
nate also decomposes: S 30 (j "4 H 2 ()-^S 04 ^ 4 ~Si 2 ^ 3 '^+ 2 H*, and the thiosulphate so 
formed enters into system (i). The acidified soln, of thiosulpliate also passes 
into sulphur, sulphate, and sulphurous acid. A. Kuxtenacker and A. Czernotsky 
observed that the yellow soln. obtained by treating a thiosulphate soln. with 
sulphur dioxide become>s colourless on keeping and then yields a precipitate of 
sulphur when treated with formaldehyde and sodium hydroxide or acetate, although 
no polythionate can be detected in the soln. Neutralization of the colourless 
liquid with sodium hydroxide yields thiosulphate and sulphite, but no precipitate 
of sulphur. With ice-cold cone, hydrochloric acid and thiosulphate a similar 
colourless soln. is obtained without precipitation of sulphur; after 15 hrs. no 
thiosulphate can be detected. These reactions are ascribed to the formation of a 
complex of sulphur and sulphurous acid ; thus [ 8203 , 802 ]"+H 20 ^[ 8203 ,S 03 Ho]" ; 
[S208,S03H2]"KS(S03H)2]". 

For the action of sulphuric acid on the thiosulphates, vide supra. For 
H. MarshalFs observation on the action of persulphates resulting in the 
formation of tetrathionates, vide supra. W. Spring found that sulphur mono- 
chloride or sulphur dichloride converts potassium thiosulphate into the 
tetrathionate. According to J. F. Norris and H. Fay, a soln. of selenium dioxide 
in dil. hydrochloric acid reacts: Se 02 + 4 Na 2 S 203 -l- 4 HCl~ 2 Na 2 S 4064 -Se-f 4NaCl 
-I- 2 H 2 O, and in the presence of more cone, hydrochloric acid: Se 024 ‘ 4 Na 2 S 203 
+ 4 HCl=Na 2 S 4 SeOe-f Na 2 S 40 fl-|- 4 NaCl 4 - 2 H 20 ; tellurium dioxide gives a yelfow 
soln. from which sodium hydroxide precipitates tellurium. The reaction with 
selenious acid is discussed in connection with the selenothionic acids. J. T. Norton 
observed that salts of selenium and tellurium are reduced and the elements precipi¬ 
tated when heated with a soln. of sodium thiosulphate at 140°~200°. 

B. C. PranMiii and C. A. Kraus ® found that sodium thiosulphate is easily soluble 
in liquid amiUOXlia. J. L. Gay Lussac showed that thiosulphates are oxidized by 
nitric add and aqua regia to sulphuric acid. L. Santi represented the reaction of 
a thiosulphate with a boiling soln. of ammonium chloride : Na 2 S 203 + 2 NQ 4 Cl 
-~^ 2 NaCl+H 20 -f 2 NH 34 ~S 024 *S. R. F. Weinland and A. Gutmann found that 
the thiosulphates are not reduced by nitrites ; when a small quantity of a mixed 
soln. of somum nitrite and thiosulphate is evaporated to dryness and gently heated, 
a violent explosion occurs. According to P. Falciola, i^^very dil. soln. of sodium 
thiosulphate be treated with a dil. soln. of alkali nij|(l!!|j^) hnd the liquid is then 
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acidifiod with either an inorganic or organic acid or a salt, such as alum, giving an 
acid soil!., more or loss marked effervescence occurs and the sola, assumes a yellow' 
c olotir which, according to the amounts of the substances used, may at first 1)0 green 
or orange-l>r()wn. 'Idie reacti<m is e^jually sensitive in aq. alcoholic soln., and i■> 
shown dif^tinctly hy ()•()< 10DV-sodiurn thiosnlphate, which does not readily yield 
sulplinr when tn'ated w^ith a mineral acid or give a coloration with ferric chloride. 
Only (*\eessiv(‘ proportiouh ,nul coneentrations of sulphurous acid prevent the 
reaction w ith traces of tliiosuljihate. Tlie nitrous ion in presence of the nitric ion may 
d(‘te(‘te(l by means of the reaction. A.^Berthoud and W. E. Berger discussed the 
induction by sodium t}iic)sul])hate <»f the reaction between iodine and potassium 
nitrite. J. M. Eder reeommc'nchHl a 0-2 per cent. soln. of chlorpamine for removing 
th(‘last tr.ices of thiosiilpliatt from photographic plates. R.E. Weinlaiid and A.Gut- 
mann found that hyposulphites, and phosphites (io ucvt reduce sodium thiosulphate. 

Ac cording 1(» J. A . Buchanan, phosphorus peutachloride reacts with lead thio- 
sulj)ha1e, dried at b -0 - not the hydrated salt (G. Pape)- forming hydrogen chloride, 
lead chloride, sulj»luir diovidc, ^iilf>huryl chloride, and wduit is probably thio- 
phosphoryl thloride. K. Kraut said that phosphorus jieiitachloride converts 
sodium thiosul}>hate into sulphate , while phosphoryl chloride clocks not attack the 
anh}drous salt. F, J. Faktor lieated arseilic trioxide wdth fivT times its wcdglit of 
anhydrous sodium thio>ulp}iate and o])tained red arsenic disulphide' and the yellow^ 
tri^ulphicle ; and similar jiroducts were obtained wdth arsenic pentoxide. 
J, T. Norton found that arsenic is not precipitated as sulphide when it-s salts are 
treated with a soln. of sodium thic^'^ulfihate at 140'^-200'*, unless an acid be present— 
v^df infill, a^^ellio thiosulphate : and for G. S. Forbes and co-workers* observations 
on the clock rcMction, vide arsenic* trioxide. T. Salzer found that when sodium 
tliiosul]>hatc‘ is treat(*d with SOdium orthoarsenite and hydrochloric acid, it 
forms pentatbionic acid; on tlie other hand, L. W. McCay represented the 
reaction w'hiili occurs when a mi.vture of the two salts is triturated with 
sodium hydroxide : Na^iAsO^ pNa2S20f--Na3AsO.,8+Na2S03. K. F. Weinland 
and A. Gutmanu added that the products of the reduction when soln. of the 
tw'o salts are mixed are sodium sulphite and sodium sulphotrioxyarsenate, 
wdiile a small quantity of arsenic is precipitated; with the potassium salts 
the products are similar; while witli calcium thiosulphate and sodium arsenite, 
a prc'cipitate of calcium arsc'nite hs formed, and on heating the mixture, .sodium 
and c'alcium suljihotrioxyarsenates are formed. A. Gutmann represented tlie 
reaction with sodium ethyl thiosulphate and sodium arsenite in the presence 
of sodium hydroxide: 2Na(aHr,)820,i t-liNa0H-f2Na3A803=r^2Na2S()3 | 2C2H5SII 
-f 2Na3As04. According to R. F. Weinland and A, ¥. Gutmann, at ordinary temp, 
sodium thiosulphate and sodium hydroarsenite form sodium sulphotrioxyarsenate 
and sulphite, and a little arsenic; when heated a ycllowish-red product containing 
no sulphoxyarsenate is formed. The corresponding potassium salts behave sirnF 
larly. Sodium thiosuljihate reacts with SOdium dibydroanmite, forming sodium 
sulphite, arsenic is precipitated, and then red arsenic disulphide. The mother- 
Inpior deposits a snlphoxyarsonate w hen heated on the water-bath. F. J. Faktor 
found that when a mixture of antimony trioxide with five times its weight of 
sodium thiosulphate is heated to redness, greyish-black antimony trisulphide is 
formed. J. T. Norton found that antimony is completely precipitated as sulphide 
w'hen its salts are treated with soln, of sodium thiosulphate at 140®"-2(X)". 
M. Meyer arranged the reaction betw'een thiosulphates and antimony salts (y.t?.) as a 
clo<5k reaction— wfm, antimony thiosulphate. R. F. Weinland and A. Gutmann 
observed that when sodium thiosulphate is heated with a cone. soln. of Sodium Antj- 
monife, it is reduced to sulphite, and sodium pyroantimonate and sulphoantimonate 
are formed; with potassium salts, potassium antimonate and sulphoantimonate 
are produced, and if the mixture is allowed to stand at ordinary temp., antimony 
trisulphide is precipitated, and the mother liquid contains potassium disulpho- 
flioxj'nntimonate. - 
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When sodium thiosulphate and CArbon arc heated together, sodium sulphide 
is formed— supra, for the action of cyanogen halides. 1. M. Koithofl « studi^-d 
the influence of charcoal on the velocity of decomposition of thiosnlpliiiric iu id. 
11. von Pechiuaun and 1\ Manck found that when heated with potassium cyanide, 
thiocyanate is formed. According to 11. Ros(% mercuric cyanide makrs the soln. (d 
sodium thiosulphate alkaline, but no precipitate is formed, and very littli^ Milpbidc 
is produced, but when an acid is added, a white precipitate is formed. A. (uilmanu 
observed that in neutral sola., mercuric cvanide and barium thiosulphate react 
according to the equation; Hg(Cy)2+13BaS203+H20 -HgS-t-BaSUj-bL.iSOt 

-f-HCy+HCyS, whilst the reaction in alkaline soln. is represented by liIg(Cy)> 
+ 8 Na 2 S 203 +Na 20 == 3 IIg(CyS) 2 +NaCV 8 +NaCy+HgS+ 7 NaoS()j+Na 2 S 04 , frorn 
which it appears probable that thiosulphuric acid exists in two tautomeric forms. 
F. Kessler's reaction takes place in acid soln.: Hg(Cv)*> ^ -fIgS 

+ 2 HCy+BaS 04 and BaS 203 + 2 HClr=.BaCL+S 02 +S+H 20 . Mixtures" of soln. 
of mercuric cyanide and sodium ethyl thiosulphate soon become acidic,, owing to 
the reaction : 2KaS02.0SC2H5+IIgCy2+2H20==2NaH804-f2HCy+Hg(S( 2115 ) 2 - 
For H. Bunte's observations on the action of ethyl bromide, vide infra, the con¬ 
stitution of thiosulphates. A. Kappanna studied the kinetic.s of the reactnm (d tiic 
thiosulphates on sodium bromoacetate. F. C. Calvert said that a soln. oi sodium 
tliiosulphate 1 : 1000 does not affect protoplasmic life nor fungi. When sodium 
thiosulphate is mixed with a yeast-sugar fermentation mixture, V, Neiibing and 

E. Welde found that 15 per cent, is reduced in accord with Na^SjO^ i-lfo 
™ 11284 -Na 2 S 03 , D. Vaniiio, and O. Schmidt studied the comjionnds of thio 
sulphuric acid with the aldehy(h*s: H 2 S 203 -bCH 20 ;F^^HO. 0112 . 118203 ; etc. 
0. Y. Magidson and V. M. Krol prcpar(‘d sodium ethylene tfaosalphale. 

Sodium thiosulphate in most of its reactions in the absence of air and of oxidizing 
agents is resolved into a mixture of sulphite and sulphur ; in acidic soln., hydrogen 
sulphide may be given off. The facility with which the thiosulphates form metal 
sulphides led C. Himly^^ and J. Landauer to propose its use as a group reagent m 
place of hydrogen sulphide when the metal sulphide and sodium sulphite are fiuincd. 

F. Muck said that sodium decomposes thiosulphate into sulphite and sulphide. 
W. Spring observed that sodium amallT&ui reduces a soln. of alkali thiosulphate 
to a mixture of sodium sulphite and sulphide: Na 2 S 203 -h 2 Na~Na 2 S 4 -Na 2 ‘S 03 . 

E. Priwoznik said that copper is blackened in a few weeks by a soln. of sodium 
thiosulphate ; and finely divided copper with a boiling soln. forms a preci})itate of 
copper sulphide and a soln, of sodium sulphite free from sulphide. A similar 
observation was made by F. J. Faktor, and V. Merz and W. Wei^^h : Na 28203 + 2 Cii 
=Cu 2 S+Na 2 S 03 . K. Priwoznik said that when silver is boiled with a soln. of 
sodium thiosulphate it becomes coated with a film of silver sulphide. F. J. Faktor 
also observed the blackening of silver by soln. of the thiosulphate. A. Mathieu- 
Plessy found that when an acetic acid soln. of sodium thiosulphate is warmed 
with magliesiam» hydrogen, and hydrogen sulphide and sulphur are formed. 

F. J. Faktor represented the reaction with magnesium and a boiling soln. of 

the thiosulphate : Mg+ 2 H 20 =Mg( 0 H) 2 +H 2 ; Na 2 S 203 +H 2 —H 2 S+Na 2803 ; 

Mg( 0 H) 2 + 2 H 2 S=Mg{SH). 2 + 2 H 20 . Aoihydrous sodium thiosulphate with one- 
fifth its weight of magnesium powder, heated to redness, furnishes magnesium 
sulphide and sulphate. P. Neogi and R. C. Bhattacharyya found that thiosulphatt^s 
are reduced to sulphite and sulphide by magnesium amalgam, H. Vohl observed 
that a hydrochloric acid soln. with zinc gives off hydrogen sulphide, and J. Reynolds 
said that the reaction enables one part of the thiosulphate in 5(X),000 parts of soln. 
to be detected. F. J. Faktor found that cadmium is coloured yellow by a hot soln. 
of sodium thiosulphate. L. L. de Koninck represented the reaction with aluminiam 
in the presence of alkali-lye: Na 2 S 2034 - 2 NaOH-| 2 H-=Na 2 S 03 -fNa 2 S+ 2 H 2 ^* 
E. Priwoznik found that tin becomes coated with the sulphide. F. J. Faktor 
observed that when heated with anhydrous sodium tliiosulphak*., tin furnishes 
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the sulphide, that with a solu. of sodium thiosulphate, lead gives a film of black 
sulphide; bismuth, brownish-black bismuth trisulphide, the lead-bismuth alloys, 
both lead and bismuth sulphides; and powdered iron, a black sulphide. When 
the anhydrous thiosulphate is heated to redness with one-fifth its weight of iron, 
dark green, needle-like crystals of Na.Ft^S^ are formed ; and at a lower temp., 
brownish-black powder is produced. J. de Girard obtained surface colours on the 
metals by treating them with double thiosulphates. 

A. Geuther found that silver oxide does not simply exchange its oxygen atom 
for a sulphur atom of sodium thiosulphate, but undergoes a reaction occupying 
three stages : Na 2 S 203 -f-Ago 0 —Ag 2 S 203 +Na 20 ; Ag 2 S 203 =Ag 28 -|-S 03 , and 

S 08 +Na 20 —Na 2 S 04 . Hence he inferred that the thiosulphates are not simply 
sulphates with an oxygen replaced by sulphur. F. J. Faktor strongly heated a mixture 
of zinc oxide with five times its weight of anhydrous sodium thiosulphate and found 
that sulphur dioxide is given ofi and zinc sulphide formed. F. J. Faktor said that 
black mercuric sulphide is produced when mercuric oxide is warmed with a soln. of 
sodium thiosulphate. When anhydrous sodium thiosulphate is warmed with one- 
fourth its weight of alumina, aluminium sulphide is produced. R. F. Weinlaud 
and A. Gutmann found that sodium thiosulphate gives a precipitate of stannous 
sulphide when treated with sodium stannite ; the mother liquor contains sodium 
sulphite and stannate; potassium stannite behaves similarly; while sodium 
plumbite is without action at ordinary temp., and when heated on a water-bath 
forms a small quantity of lead oxide and sulphide, while most of the sodium thio- 
s^phate remains unaltered in soln. J. W. Slater found that a soln. of chromic acid 
gives, when boiled with sodium thiosulphate, a precipitate of chrom ic oxide J. Myers 
said that the reaction with chromic acid soln. at ordinary temp, is a scarcely percep¬ 
tible precipitate which when heated becomes brown under conditions where a penta- 
thionate would remain clear. T, Diehl represented the reaction: SHoCrOi 
+ 3 H 2 S. 203 -f 7 H 20 =-( 3 H 2 S 04 + 8 Cr( 0 H )3 ; and A. 1 jongi said that the main reaction 
is 2 H 2 Cr 04 -f 6 H 2 So 03 ~ 3 H 2 S 408 + 2 Cr( 0 H) 3 + 21130 ; and there is a secondary 
reaction 14 H 2 Cr 04 -f 3 H 2 S 406 +lGH 203 = 12 H 2 S 04 + 14 Cr( 0 H) 3 . Both the thio¬ 
sulphate and tetrathionate in the presence of hydrochloric or sulphuric acid or 
chromic salts develop hydrogen sulphide. J. W. Slater, and A. Longi said that in 
the absence of acids, potafl^um dichromate is very little if at ail decomposed. 
G. Grather and T. Nagahama studied the reduction of dichromates by the thio¬ 
sulphate. According to F. J. Faktor, in the presence of hydrogen dioxide, chromates 
form chromic hydroxide and chromic salts. A soln. of sodium thiosulphate dissolves 
thallous dichromate, forming yellow thallous chromate, and when the liquid Ls 
heated with ammonium chloride, chromic hydroxide is precipitated. When sodium 
chromate is heated with four times its weight of anhydrous sodium thiosulphate, a 
sulphate and sulphide are produced as well as a complex sulphide NaCrS 2 . A soln. 
of sodium thiosulphate reduces ammonium molybdate to molybdenum dioxide; 
and sodium tungstate forms tungsten dioxide and heptoxide. When anhydrous 
sodium thiosulphate is heated with one-fourth its weight of molybdmium trioxide, 
molybdenum disulphide is formed, and with tungsten triOXide, tungsten disulphide. 

J. Stingl and T. Morawaky said that potassium penuanipmate can oxidize 
sodium thiosulphate in neutral sob., forming KH3Mn40io, while M. Honig and 
oxidation can take place only in alkaline soln. farming 
]xH3Mn30g; and I. M. Kolthofi said that the reaction is complete with a large 
exc^ of permanganate in alkaline soln., in acidic or neutral soln., the reaction 
^th a large excess of perpianganate was incomplete even after 24 hrs. 

M. Gwser said that the alkalinity produced by potassium carbonate in M, H 5 nig 
and E. Zatzek s experiments plays no part in the reaction, and that sodium 
. completely oxidized in neutral soln.: 3Na2S208+8KMn04 

+3H2O~2KH3Mn4Oi0+3Na2SO4+3K2SO4. To this M. Honig and E. Zatzek 
replied that when neutral soln. are boiled with permanganate in excess, sulphur 
always remains in soln. after precipitating the sulphuric acid formed with barium 
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cJiloride ; this is oxidized to sul])huric acid ou addition of broiniue. Wlieu, on the 
ether hand, an alkaline suln. of thiosulphate is boiled with excess of ])ermciii‘<auate, 
the whole of the sulphin* can be removed as barium sulphate, and iio more sulphuric 
acid is obtained by adding bromine. They also conclude that tiie composition of 
t 111' ]>recipilat,ed manga nit e cannot be relied on to indicate the nature of the decom¬ 
position, as the precipitate ha^ no constant composition. (J. Brugclmanu u.^ed the 
process for the dctcrmiuatiuu ot thiosulphate, for with an excess of permanganate tin* 
thiosulfdiate is oxidize<l to sulphate: 2ivMii04+Na^S203---K2SO^ j-Na^S04 
-|~Mn20;j, and the disMjIved sulphate is determined in the usuid way. Actamling 
to 0. Liickow, a soln. of sodium thiosulphate, wiietlier neutral, acidified by .siil[)huric 
.icid, or made alkaline with pota'^h-lye, when boiled with an excess of potassium 
[lermanganate, nnluces only so much of the latter as corresponds witli what is 
recjuired by the equation 21LS20:i h^O f-Jl20—2112804+1128206, and tlie ditliionic 
acid can be diAected in the oxidized soln. The reaction was also examined by 
H. Kiliani. F. Raschig said that in alkaline soln., }>ermangaaate oxidizes thiosulphate 
to sulphate. M. Lea found that ruthenium trioxidey RuoO^, j>ruduces witli 
hydrochlorii; acid and sodium thiosulphate when sat. with ammonia, a rose- 
red or c<irmine-red colour which is almost bla(‘k in cone. soln. The ixuiction is 
sensitive to the presence of one part of sodium thiosulphate in 25,1 KJO parts of 
liquid. 

If an alkali thiosulpliate be added to a soln. of a metal salt, there is forme<l 
a soluble or an insoluble metal tliiosulfihate, w'hich may dissolve iii an excess of 
the thiosulphate to form a complex salt. This soln. may be stable or unstable ; 
some soln, decompose at ordinary temp., others re(][uire the application of more 
or le.ss heat, and the metal sulphide is precipitated, w'hile others again are stable 
wlieu heated. When the soln. is acidified, the metal may be precipitated as 
sulphide. J. W. Slater said that all the metals preci[)itated by hydrogen sulphide 
in acidic s(dn. arc precipitated from hot sola, of sodium thiosulphate by hydrogen 
sulfibide. A, L. Orlowsky found that soln. of lead and cadmium behave rather 
diffcrentl)’. 'riie alkaline earths are precipitated as thiosulphates from these 
soln. by the addition of ammonia, and they are converted into sulphates an<l 
sulphites when boiled for a long time. G, Vortmanu showed that the behaviour 
of a boiling soln. of sodium thiosulphate, in neutral or feebly acidic soln., dept*nds 
ou the nature of the metal. If it does not form a sulphide in aq. soln., the hydroxide 
may bo precipitated —e.g. aluminium; if it forms an insoluble vsulphide, that will 
be precipitated and sulphuric acid formed— e.g, copper and silver; if the metal 
sulphide is readily reduced, or the thiosulphate is in great excess, reduction may 
occur and tetrathionic acid be formed— e,g, cupric to cuprous salts ; in some cases 
the metal sulphide is formed and sulphur dioxide evolved, some sulphuric and 
tetrathionic acids may be formed— e,g. arsenic, antimony, tin. 

The behaviour of some salt soln. towards sodium thiosulphate is indicated in 
( t^nueciion with the individual thiosulphates. The tendency of the thiosulphates 
to form complex salts is noteworthy. As noted by J. F. W. Herscliel, the aq. 
soln. of the alkali thiosulphates dissolve many metal oxides and salts in consequence 
of the formation of soluble complex salts; and hence the application of thiosul- 

i diates in photography, and their use in the extraction of silver from its ores- - 
I 22, 3. The action of the thiosulphates on copper, aad silver salts is discussed 
in connection with their thiosulphates. E. Muller studied the electrometric titra¬ 
tion of thiosulphate and silver nitrate. H. Bassett and R. G. Durrant found that 
when cop{>er salts in presence of excess of thiosulphates are heaU^d with mineral 
acids, cuprous sulphide is precipitated, but this precipitation is not complete even 
after prolonged boiling if hydrochloric acid is employed. The reason for this 
appears to depend on the formation of .the double chloride mentioned above, which 
cannot decompose into cuprous sulphide. The precipitation is complete if nitric 
acid is used, provided the cone, of the acid is less than and is complete with 

sulphuric acid, which should be fairly concentrated if any copper chloride is pre- 
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sent. In these circumstances, pentathionic acid is produced through the inter¬ 
action of thiosulphate, tetrathionate, and mineral acid. J. T. Norton observed 
that between 140^ and 200 "’, salts of silver and copper are completely })rccipitated 
as snljdiides by sodium thiosulphate. According to J. Haims and V. llovorha, 
the precipitate formed in the reaction between cu])ric salts and sodium thiosulphat(‘ 
consists of a mixture of cu])roiis and cupric sulphidt^s and varying proportions of 
free sulphur. The composition depends on the duration of boiling, the proportion 
of thiosulphate, and the acidity of the solii. The maximum amount of cuprous 
sulphide was obtained from soln. with 2*5 to 3*0 mols of thiosulphate per gram-atom 
of copper ; increasing the thiosulphate decreas<*d the proportion of cuprous 8 ulphi<le 
until, with 15 to 30 mols per gram-atom of copper, the precipitate consisted largely 
of cupric sulphide and sulphur. The composition of the precipitate in acidic solii. 
containing 4 to 5 mols of thiosulphate per gram-atom of copper was CuoS: CuS^H: 02 
per cent. J. Bodnar based a method of determining thiosulphates in the presence 
of sulphites on the fact that the thiosulphate alone reduces silver nitrate to sul])hi(ie 
and sulphuric acid—the Utter is determined with standard alkali in the filt(‘red 
liquid. As shown by M. (\ in the presence of free acids, silver and 

iroM salts behave as they do towards hydrogen sulphide. F. J. Faktor 
found that when anhydrous sodium thiosulphate is lieated with one-fourth its 
weight of copper chloride, some sulphur and sulphur dioxid(‘ are given oil, ami 
cuprous sulphide is formed ; with silver nitrate, black silver 8 ul[)hid(‘ is juoduced ; 
and with cadmium chloride, cadmium sulphate and sulphide. J. T. Norton 
said that beryllium salts are imperh^ctly precipitated as hydroxifle by sodium 
thiosulphate at 140''"-20(); and likewise cadmium and zinc salts are completely 
precipitat(‘d as sulphides by sodium thiosulphate ; and mercury salts behave 
similarly. Acconlmg to M. C. Lea, in acidic soln. mercury salts behave 
towards thiosulphates the same as they do towards hydrogen sulphide. 
H. W. F. Wackenroder and L. A. Buchner said that mercuric nitrate soln. give a 
lemon-yellow precipitate which with an excess of the nitrate becomes yellowish- 
white ; and H. Rose, that mercuric salts, not in excess, produce a white precipitate 
of mercuric thiosulphate, which becomes yellow, browm, and filially black, oving 
to its passage into mercuric sulphide—the change is rapid with hot soln.; if 
mercuric salt be in exce.ss, the white precipitate is not changed even on boiling, 
and it is said to be a compound of mercuric sulphide and thiosulphate. In both 
cases, the liquid contains sulphuric acid. F. Field said that an aq. soln, of mer¬ 
curous iodide, and H. Fleck, a soln. of mercuric chloride in sodium thiosulphate, 
when warmed, give a precipitate of m^^rcuric sulphide, while J. C. Schnauss observed 
that mercuric chloride does not furnish mercuric sulphide, but rather a complex 
salt, NaHgS 203 . W. Feld represented the reaction as an oxidation pro¬ 
cess : Na 28203 + 2 HgCL“f-H 20 =Na 2 S 04 -|- 2 HgCl 4 - 2 HCl+ 8 , which is supported 
by the fact that the precipitate is white. A. Sander supported the older state¬ 
ments of J. F. W. Herschel, H, Rose, and F. Kessler, that the white precipitate is 
a chJorosulphide HgsSi^Clo. F. J. Faktor added that a warm soln. of mercurous 
chloride and sodium thiosulphate give.s a black precipitate. F. J. Faktor repre¬ 
sented the reaction with gold chloride, when warmed, by 2 An 0 l 3 + 6 HgCl 
+ 3 Na 2 S 203 = 6 Hg 0 l 2 +Au 283 + 3 Na 28 O 3 . When red mercuric sulphide is digested 
with a soln. of sodium thiosulphate it takes on a fiery red colour. If anhydrous 
sodium thiosulphate be warmed with one-fourth its weight of mercuric chloride, 
black mercuric sulphide is formed. G. Vortmann also noted the formation of 
sulphide, sulphuric acid, traces of tetrathionic acid, and no pentathionic acid when 
mercuric salts are treated with sodium thiosulphate. J. T, Norton showed that 
salts ol altt m i n in m , chzomiiim^ titanium, zirconiam» and thorium are com¬ 
pletely i)rccipitated as hydroxides when tjceated with soln. of 8 <xlium thiosulphate 
at 140 - ; and that whilst aluminium and chromium salts are not completely 

precipitated by boiling during a ‘‘ reasonable ” time under atm. press., they are 
quantitatively precipitated under 20 atm. press. Zirconium and titanium 
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hydroxides are precipitated quantitatively by boiling a few minutes at atm. press. 
F. L. Hahn studied the reaction with aluminium salts. F. J..Faktor found that 
alkaline soln. of thallous salts form a white precipitate with sodium thiosulphate*, 
and this becomes brown when boiled, and brownish-black thallous sulphide is pro¬ 
duced if hydrochloric, sulphuric, or acetic acid be present; hot soln. of thallous 
salts and sodium thiosulphate form a brown liquid; thallous chloride is easily soluble 
in sodium thiosulphate soln., thallous bromide L sparingly soluble, and thallous 
iodide is virtually insoluble. A. Benrath and K. Ruland found that ceric 
sulphate converts sodium thiosulphate into tetrathionate: 2Na2S203-1-200(804)2 

062(804)3'f'Na2S04-fNa2S40ei. Anhydrous sodium thiosulphate heated with 
one-fourth its weight of thallous sulphate formed thallium sulphide, TI485; similarly, 
stannous chloride reacts : 6Na2S203+2SnCl2=--3Na2S04-f 2SnS+Na28-HNa01 

+38+380.2; and lead chloride forms lead sulphide— inde infra, lead and tin thio¬ 
sulphates— bismuth chloride, the comjdex sulphide NaBiS2. J. T. Norton found 
that lead salts are completely precipitated as sulphide when treated with a soln. 
of sodium thiosulphate at 140 ^ to 200 " ; and he also found that at 140 ° to 
2 (X)", manganese is only incompletely ])recipitated as sulphide from soln. of man¬ 
ganese salts. According to F. J, Faktor, when anhydrous sotliuin t}iiosul]>hate 
is luxated with one-fourth its weight of manganese chloride, there is foniu'd th(* 
complex sulphide Na2Mn384; with cobalt cUoride, Na2Co4S6 ; and with nickel 
chloride, Na2Ni28j^. In the presence of hydrogen dioxide, soln. of manganese 
salts with sodium thiosulphate give a brown precipitate of hydroxide ; cobalt 
salts a black, and nickel salts a pale green precipitate. According to H. Schitf, 
and A. Lenz, ferric salts, in the cold, form with sodium thiosulphate violet or 
reddish-black coloured soln., wliich probably contain an unstable ferric thio¬ 
sulphate, which, according to J. P. Claesson, becomes dark red when treated 
with ammonia. After standing some time, the soln. becomes colourless owing to a 
reaction which O. l^opp, and K. Jellinek and L. Winogradoff symbolized : 
2Na28203 -f- 2FeCl3"-2Na(d + 2FeCl2 + Na2S406— vide infra, ferric thiosulphate. 
The reaction was studied by A. von Kiss. J. T. Hewitt and G. R. Mann observed 
that the reduction of ammonium ferric alum, 2Fe'"+28203"—2Fe''+S4OC'', is 
a quadrimolccular reaction, and probably two complexes containing iron react 
with two thiosulphate molecules. J. Holhita and A. Martini found that the 
initial acceleration of the reaction cannot be ascribed to the autocatalytic action 
of the end-product—the f<*rrous or tetrathionate ions; to the catal;^ic action 
of the sulphur formed in the reaction ; or to the means adopted to stop the 
reaction at the required point. J. T. Norton found that salts of iron, cobalt, 
and nick(‘l are completely precipitated as sulphides w+en treated with a soln. 
of sodium thiosulphate at 140 '’~ 200 °. E. Pietsch and co-workers studied the 
surface conditions in the reaction with ferric chloride. M. C. Lea found that 
soln. of platinum salts, in the presence of free acid, behave towards sodium 
thiosulphate as they do with hydrogen sulphide. 

The constitution 0! the thiosuIplmtes.-~ln W. Odlingi^ suggested that 
thiosulphuric acid be regarded as sulphuric acid with one atom of oxygen replaced 
by suljmur so that sulphurous, thiosulphuric, and sulphuric acids were respectively 
related as H.SO2.OH, HS.SO2.OH, and HO.SO2.OH, and that the oxidation of 
sulphurous acid furnishes sulphuric acid, and the sulphurization of sulphurous acid, 
thiosulphuric acid. This agrees with C. J. Kocne’s view, who also assumed that 
the anhydride is to be regarded as sulphur trioxido with one atom of oxygen re¬ 
placed by one of sulphur. E. Mathieu-Plcssy said that the alkaline thiosulphates 
in the presence of acetic acid have a stability sufficient to render them analogous 
to the corresponding sulphates. G. G. Stokes found that as a rule the halides t»f 
quinine, or those salts in wliich quinine is not directly combined with oxygen, do 
not manifest fluorescence, whereas the oxygen salts, like sulphates and nitrates, 
are fluorescent, "Jlie thiosulphates are exceptional in being non-fiuorescent. 
H. Rose thought that all thiosulphates contain hydrogen, and the formula 
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or H2SO2, was suggested for the thiosulphuric acid, which was thus 
related more to sulphurous than to sulphuric acid: H.SO2.H representing thio~ 
Milphune acid ; H.SOo.OH, sulphurous acid ; and HO.SO2.OH, sulphuric acid. 
C. i^apc, however, prepared anhydious thiosulphates of potassium, sodium, barium, 
and lead, so that this argument lost weight. A. Dupre, however, supported the 
argument from his observations on the synthesis of formic and thiosulphuric acid, 
suggesting that thiosulphuric acid resembles formic acid, H.COoH, by having the 
carbon replaced by sulphur; and \V. Odling also emphasized the relation by 
comparing the reduction of carbonic acid to formic acid: H2C03-b2Na 
-H.COoNa { NaOH, with the reduction of sulphurous acid to thiosulphuric acid : 
H2803-f 2 Na-^H.SO^Na f-NaOH, The tendency of the thiosuljihatcs to split 
up so as to givT an atoui of free sul])hur : Na2So03H 2HCl=2NaCl+H20 f-S02+S, 
can be explained also by the alternative formula 2NaHS0.2+2HCl--2NaCl-(-2H20 
802*1 The t(mdency of a thiosulpiiate to furnish a sulphate and sulphide is 
])arallel to the tendency of a hvpophosphite or phosphite to furnish a phosphate 
and phosphide. 

i\ Schorlemmer preferred W. Odling’s original formula HO.SO2.SlI, and 
C. W. Blomstrand held that thiosulphuric acid may have the constitution 
HO.S(S)O.OH, although tlie preparation of toluyl thiosulphate from potassium 
hydrosulphide : C7H7S02CH'2K8H- KCl-l-H2S-rC7H7SO2.SK, is in agreement 
with the formula HO.SO2.SH. J. Y. Buchanan also said that the action of phos¬ 
phorus pentachloride on lead thiosulphate does not yield sulphuryl chloride as 
would be anticipated if the formula of the acid were HS.SO.oOH. M. Picon also 

recommended the formula S- supposed that the two sulphur 

atoms in thiosulphuric acid are bival^mt, and based his inference on the reactions : 
(’eHsSOo.Cl+KoS-Kd+S-f C6H5SO2K; and CeH5S02K+S--CeH582()2K, and 
on the assumption that the H8( ^j-radicle is concerned in these reactions. W. Spring's 
formula is Il.S.S.O.O.O.K. This does not conflict with J. Y. Buchanan's experi¬ 
ment. A. Michaelis held that thiosulphuric acid is not related to sulphurous or 
sulphuric acid because of the formation of ammonium thiosulphate from ammonium 
sulphate and phosphorus pentasulphide. D. I. Mendeleeff represented thiosulphuric 
acid as a derivative of hydrogen sulphide containing the univalent HSOs-radicle 
in place of hydrogen H—S—H8O3, This is another way of representing the formula 
H8.SO2OH. The rival formula? for thiosulphuric acid are : 


0 

s 


>s< 


OH 

OH 


Symmetrical. 


0 .SH 
O 


Asymmetrical. 


and E. Drechsel held that both forms can exist as isomers. As a rule, phosphorus 
sulphide acts on many compounds, replacing oxygen by sulphur, and generally, 
the oxygen atoms in hydroxyl groups are more susceptible to sulphurucation than 
atoms directly united to sulphur. The formation of thiosulphates by the 
action of phosphorus sulphide on sulphates is taken to favour the HS.SO2.OH 
formula. A similar conclusion follows from the formation of thiosulphates by 
the action of hydrogen sulphide on sulphur trioxide: HgS+SOs^HS.SOg.OH, 
analogous with the action of water on the trioxide HgO+SOg^HO.SOg.OH. 
Again, sodium thiosulphate is formed when a mixture of sodium sulphide and 
sulphite is treated with iodine: Na2S-^Na2S03+l2=Na2S208+2NaI. This 
reaction can be supposed to occur in two stejis: Na2S+l2=2NaI+S; and the 
liberated sulphur acts upon the sodium sulphite as previously indicated or else 
the iodine can be supposed to withdraw one atom of sodium from a mol of sodium 
sulphide and one from the mol of sodium sulphite, and the residues to unite 
to form a more complex mol—a condensation product. This operatioUi some¬ 
times called Springes reaction —after W. Spring’s syntheses of the tfaionic acids 
by a similar reaction in 1874 —is symbolized : 
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I Na ^SNa 

I ^ Na -SOj-ONa 


2Nal + SO,.'«^^ 


H. Bassett and R. G. JDurrant suggested that the reaction is not termolccular, 
but rather involves the two-stage reaction in which the complex Na2H203.l2 
first formed, and this reacts with another mol of thiosulj[>hate to form the tetra- 
thionate. In support of the asymmetrical formula, H. Bunte found that ethyl thio¬ 
sulphate can be prepared from ethyl bromide and sodium thiosulphate: NaS.SO2.ONa 
~|-C2H5Br™NaI5r-f C2lI5S.SOo.ONa, which, with hydrocldoric acid, yields 
mercaptan, (Uf4.Sll, and sulphuric acid: NaO.S02.8C!2llr,+lUO-NaO,S02.0H 
I (^oWsSH. 'I'his is taken to prove that the ethyl radicle is in direct combinalion 
with sulphur. In support of this, H. Schwicker reported that the isomeric salts, 
KS.SO2.ONa and NaS.SO2.OK, can be prepared—by the action of ammonium 
sulphide on the two sulphites, K.SOo.ONa and Na.SO2.OK. This argument, how¬ 
ever, has little weight because of the doubts as to the existence of the isomeric 
sulphites (q.v.). On tlie other hand, the asymmetric formula is sujiported by the 
electrolytic reduction of sodium benzyl thiosulphate, Na(C 5ll5.Ull2)S203, whicli 
was observed by T. 8. Price and 1 ). F. Twiss to form dibenzyl disiiljihide, 
((J(iH5.0H2)oS2, presumably by the reaction: ;2(C7H7S.S02.0Na)~|“H2~2NanS03 
d-(07117)282. A, Gutmann favoured the symmetrical formula from his study of 
the action of 8(Klium hydroxide, sodium arsenite, and of potassium cyanide on the 
tri- and tetra-thionates. He found that when sodium tetrathionate reacts with 
sodium arsenite in alkaline soln., two mols of monosulphoxyar.scnate, one of 
arsenate, and two of suljihite are formed: NaoS40e-}-3Na3As03 |-2NaOH 
--2Na3AsS034 Na 3 As 04 -|- 2 Na 28034 H2O ; that is, S4O5= 284 - 0 4'2802. This, he 
said, cannot be explained by D. 1. Mendelceff's formula for the tetrathionate, 
derived from the asymmetrical formula NaS.SOo.ONa for the thiosulphate; liut 
with the symmetrical formula NaO.SOS.ONa, the formula for the tetrathionate 
be(‘omes NaO.SOS.O.O.SOS.ONa, a derivatixe of persulphuric acid. The riMction 
with sodium arsenite then becomes NaO.SOS.O.O.SOS.ONa >NaO.SO.O.SO.ONa 
4-0>j_2S; corresponding conversion of the persulphate into jiyrosulphate: 
NaO.SOo.O.O.SOoONa-^Na0.S02.0,S02.ONa j-O. This all means that the two 
S02.0Na'-residue8 left after withdrawing two atoms of sulphur from a mol of the 
tetrathionate built on D. L Mendeleeff's scheme should unite and form a rnol of 
dithiouate, and the dithionate would not then give arsenate and sulphate since 
dithionates have no action on arsenites. A. Fricssner showed that when neutral 
or alkaline soln. of sodium sulphite are electrolyzed the process is repres(‘nted : 
2S03''-}*04H20~ SoOe^+^^Oir and not 2S03"4~2©~S2CV', meaning that 
sulphite ions do not condense to form dithionate ions. Hence, argue T. S. Price 
and i). F. Twiss, the two S02.0Na'-re8idues may not unite to forn dithionate, 
but rather react: 2(S02.0Na)+2Na0H=2Na2S034*H204“^0, and A. Gutmann‘s 
argument loses its cogency in favour of the symmetrical formula for the thio¬ 
sulphates —vide infra, pol}d-hionic acids. H. Debus explained the constitution of 
the polythionic acids [q.v.) by assuming that the sulphur enters the molecule of 
sulphurous acid through the H.S02-radicle to form the KS.S02-radicle. Some 
thiosulphates— c.g, that of calcium—easily lose sulphur and become sulphite, 
indicating that the second atom of sulj)hur is held in the mol of thiosulphate by 
a feeble force. H. Burgarth discussed the electronic structure. 

As a matter of fact, many reactions of the thiosulphates can be grouped in 
favour of the symmetrical formula and yet others in favour of the asymmctri(\al 
formula. It can also be assumed, as in the case of the sulphites, etc., that a tauto¬ 
meric change is involved, NaO.SO^.SNa,'NaO.SOS.ONa. It is generally supposed, 
i\^ in the case of the sulphates, that the central sulphur atom is sexivalent, although 
it can be argued in both cases that the central sulphur atom is quadriV'alont: 

. 0 NaO^^ 0 NaO.^ ^ NaO.^^ O 

NaO'' ''"S NaS'^ O 
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The dibasicity of the acid agrees with A. F. Holleinann’s observations on the elec¬ 
trical conductivity of sodium thiosulphate. P. Walden compared the electrical 
conductivities of soln. of magnesium sulphate and thiosulphate, and found that the 
latter has slightly the greater conductivity in agreement with the assumption that 
the formula of the acid i8HO.SO2.SH, because sulphur is more electronegative than 
oxygen, and therefore forms better conducting salts. K. Barth considered that 
the electrical conductivity of soln. of silver sodium thiosulphate, Ag2S203.2Na2S203 
or Ka4Ag2(8203)3, favoured the assumption that the complex is the sodium salt, 
Na3(NaAg2S508), of a tribasic acid, H3(NaAg2SeO0). For the co-ordination formula, 
vide the polythionates. The conception of the acid H2S2O3 as thiosulphuric acid, 
OH.SOo.SH, implies that it is a mixed anhydride of sulphuric acid and hydrogen 
sulphide, just as chlorosulphonic acid is a mixed anhydride of sulphuric and hydro¬ 
chloric acids. Its properties do not agree with this conception, for it decomposes, 
not into sulphuric acid and hydrogen sulphide, but into sulphurou.s acid and sulphur 
in aq. soln. J. Piccard and E. Thoma.s showed that at the temp, of liquid air, 
in carbon dioxide soln., sulphur trioxide and hydrogen sulphide combine to give 
what is presumed to be the true thiosulphuric acid. In this compound, the siilphur 
takes the place of negative, bivalent oxygen in sulphuric acid. Ordinary thio¬ 
sulphuric acid must be an electronic i.someride of the true thiosulphuric acid, tlie 
additional sulphur atom being neutral. In the true thiosulphuric acid, the central 
sulphur atom is sexivalent; in the isomeride it is quadrivalent. The difference 
can be expressed only by the co-ordination formula? thus : 
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Some reactions of analytical interest. —In qualitative analysis the thiosulphates 
can be recognized by the precipitation of sulphur with the evolution of sulphur 
dioxide when their soln. arc treated with acids - hydrochloric, acetic, etc. 0 . Hackl 
said that the reaction is not very sensitive, for the sulphur separation occurs in 
the cold only in 5 mins, with 100 c.c. of a soln. containing a miligram of thiosulphate 
per c.c. Sulphides in the presence of oxidizing agents may give similar reactions 
owing to their conversion into thiosulphates. These salts also give distinctive 
reactions as a result of their great reducing power, e.g. the violet coloration with 
ferric chloride which is not exhibited by sulphites; and the decolorization of per¬ 
manganate or iodine soln. M, E. Pozzi-Escot recommended the following test 
for thiosulphates : Add to one c.c. of the test soln. an equal vol. of a 10 per cent, 
soln. of ammoniam molybdate, and run in gently some cone, sulphuric acid so as to 
form a layer on the bottom. If thiosulphates be present, a blue layer is formed 
at the junction of the two soln. The reaction is due to the reducing action of 
thiosulphuric acid which is set free in dil. .soln., but in more cone. soln. is split 
into sulphurous acid and hydrogen sulphide. 0 'CXXX )5 grm. of sodium thiosulphate 
in one c.c. of soln. can be detected in this way. Silver l^ts give a white precipitate 
of silver thiosulphate which soon turns yellow, then brown, and black owing to the 
formation of silver sulphide; the white precipitate is soluble in an excess of the 
thiosulphate, and also in nitric acid. 0 . Hackl said that the reaction with silver 
nitrate will detect 1 mgrm. of S2O3" in 100 c.c. of water. Barium salts give a white 
crystalline precipitate sparingly soluble in cold water, but soluble in nitric acid ; 
Stl^tium salts give no precipitate, and in this respect can be distinguished from the 
sulphites. Calcittm salts do not give a precipitate unless in cone, soln. Mstcuric 
chloridd produces a bluish-black opalescence with trace of thiosulphate, larger 
amounts give a white precipitate of calomel. The mercuric chloride soln. is usually 
mixed with ammonium chloride since the resulting double chloride Hga2(NH4Cl)2 
is more sensitive than mercuric chloride alone. The soln. is also usually acidified 
with hydrochloric acid to prevent the precipitation of mercuric carbonate should 
the water contain traces of carbonates in soln. Unlike soln. of the sulphides, the 
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thiosulphates give no precipitate with zinc or manganese salts. The formation 
of hydrogen sulphide with zinc and an acid is characteristic. Unlike the sulphites, 
the thiosulphates give no red colour with 2anc sulphate and sodium nitroprusside ; 
but the thiosulphates give a violet colour with sodium nitroprusside after being 
reduced with aluminium and potassium hydroxide. According to L. li. de Koninck, 
thiosulphates behave like sulphites towards zinc or aluminium and hydrochloric 
acid, but with aluminium in a soln. of alkali hydroxide, thiosulphates, not 8 ulphite^, 
give a Roln. of alkali sulphide ; sodium amalgam also reduces thiosulphates to 
sulphides, but not so with the sulphites. H, von Pechmann and P. Manck showed 
that if a thiosulphate be heated with potassium cyanide^ a sulphite and thio¬ 
cyanate are formed. The latter will give the characteristic reaction with ferric; 
chloride. 

A mixture of thiosulphate, sulphate, sulphite, and sulphide can be treated by 
adding zinc chloride so as to precipitate zinc sulphide. This is filtered off, and 
barium chloride added to the soln. along with ammonium chloride and hydro¬ 
chloric acid ; the barium sulphate is removed by filtration, and iodine is added to 
convert the sulphite into sulphate and tetrathionate ; again, barium chloride is 
added, and the filtrate from the barium sulphate is treated with bromine to oxidize 
the tetrathionate to sulphate, which can be then precipitated in the usual 
way. 

Thiosulphates can be determined gravimetrically by oxidizing them to sulphates 
with bromine^ and subsequently precipitating the sulphur as barium sulphate. 
The warming of the aoln. with an excess of silver nitrate results in the precipitation 
of half the silver as sulphide which can be weighed as Ag2S or in some other form. 
Thiosulphates can be determined volumetrically by titration with iodine; 
2Na2S203+l2-=Na2S40e+2NaI or by S. Eliasberg’s process, for when neutral 
hydrogen dioxide is added to neutral sodium thiosulphate along with a definite 
volume of standard potassium hydroxide, the reaction Na2S203 + 4 H 202 
+??K01I">Xa2S04-(-K2S04+5H20-t-(M~“2)K0H occurs. The excess of potas¬ 
sium hydroxide can be determined in the usual maimer. 

According to E. Pittarelli, thiosulphuric and sulphurous acids in an organic 
liquid may be distinguished by addition oi aiirine, coralline, or rosolic acid strongly 
acidified with hydrochloric acid, the presence of sulphurous acid being indicated 
by instantaneous decolorization ; if this occurs, addition of aurine is continued 
until the liquid is saturated witli it and becomes distinctly yellow. If this colour 
persists for 24 lirs., only sulphite is present, but if the liquid undergoes decoloriza¬ 
tion, it contains thiosulphate. The sensitiveness of this reaction, which is not 
shown in presence of hydrogen sulphide, is 1 : r)(X),000. J. Reynolds gave for the 
sensitiveness of the nitroprusside tests 1 : (J(X}0 ; the ferric chloride test, 1 : 30,(XX) ; 
tlie iodine and starch test, 1 :160,000 ; the ferric chloride and ferrocyanide test, 
1 : 3(X),000 ; and the zinc and acid test, with lead-test paper, 1 : 300,000. Accord¬ 
ing to E. H. Riesenfeld and E. Griinthal, on adding copper sulphate to sodium thio¬ 
sulphate soln., in neutral soln. a yellow precipitate and in hydrochloric acid soln. 
a white precipitate of a sodium cuprous thiosulphate of veurying composition is 
obtained. The precipitate decomposes on keeping to form copper sulphide. In 
the absence of sulphides this reaction affords an excellent qualitative test for the 
detection of thiosulphates, being about ten times as sensitive as the usual hydro¬ 
chloric acid reaction. Polythionates do not give this reaction. 
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§ 88. The Thioenlidiates 

According to C. F. Rammelsberg,^ and E. Divers and M. Ogawa, when a soln. 
of calcium thiosulphate—obtained by boiling lime and sulphur together with water, 
and leaving the soln. until much of the pentasulphide has oxidized—is treated 
with an excess of ammonium carbonate, filtered, and freely exposed to air for 
some time at 50^-60^, a cone. soln. of ammonium thiosulphate is obtained, free 
from sulphate, and other salts. C. F. Bammelsberg said that when evaporated 
to dryness over sulphuric acid, rhombic plates of tritahydrated tfaio* 
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salpliate» (NH 4 ) 2 S 203 .pL]i 0 , are formed; J. F. W, llerbchel, aud W. C. Zeis(» 
also made this salt. Tliere is, however, some doubt about tlie existence of this 
hydrate, because, when a soln. of the salt is evaporated in a desiccator, A. Fork 
and K. Kliiss, A. E. Arppe, and E. Divers and M. Ogawa obtained only the anhydrous 
salt. A. Fock and K. Kliiss obtained the salt by treating a soln. of ammonium 
polysulphide with sulphur dioxide, and evaporating the clear soln. over sulphuric 
acid. A. E. Arppe obtained it as a by-product in the preparation of /i-nitro- 
aniline. W. Spring found that the anhydrous salt is sublimed from a heated 
mixture of ammonium sulphate and phosphorus pentasulphide. The product 
is contaminated with some ammonium polysulphide. Ammonium thiosulphate 
is not formed when sulphur trioxide, hydrogen sulphide, and ammonia are mix(jd 
together, but it is formed if ammonia and sulphur trioxide are united to form 
ammonium amidosulphonate, NH 4 S 03 (NH 2 ), and this treated with hydrogen 
sulphide to form ammonium thiosulphate. For other modes of formation, vide 
supraf the pn^paration of thiosulphuric acid. The tabular crystals were found 
by A. Fock and K. Kliiss not to be isomorphous with the potassium salt, and to 
belong to the monoclinic system, having the axial ratios a : 6 : c™l*r)()77 :1 : 1*3575, 
and j8=:8r)° 26'; U. Wyrouboff gave 1*5717 : 1 : 1*3500, and ^8^85^^ 25'. The basal 
cleavage is perfect. C. F. Rammelsberg found that when the salt is heated, it 
furnishes water and ammonia, and a sublimate of sulphur, much ammonium thio¬ 
sulphate, and some ammonium sulphite. W. Spring found that the dry salt can 
be sublimed with an intermediate dissociation. E. Divers and M. Ogawa found 
that the salt decompo.ses very slowly at 150'", the main products being a sublimate 
of anhydrous normal sulphite and a residue of unfused sulphur, as in the case of 
the trithionate. Very small quantities of hydrogen sulphide and ammonia also 
pass off in the current of nitrogen, and the sublimate contains a very little of 
a salt which has some of the properties of trithionate, and does not give the cha¬ 
racteristic violet coloration with ferric chloride. The main reaction in the decom¬ 
position of the thiosulphate is in full agreement with the relation of thiosulphates 
to sulphites. Very interesting is the production of a little ammonia and hydrogen 
sulphide, in connection with the relation of trithionate to thiosulphate as its thio- 
anhydride (Spring): 2 (NH 4 ) 2 S 203 — 2 NH 3 -f H 2 S+(NH 4 ) 2 S 30 e. When ammonium 
thiosulphate is rapidly and more strongly heatfed, ammonia is lost, and sulphur 
sublimes; then, as a matter of course, and of no significance, thiosulphate and 
even trithionate are produced on adding water to the mixed sublimates. The action 
of sulphur dioxide was discussed by W. Feld, and F. Overdick —%ide supra. Accord¬ 
ing to P. Pierron, when ammonium thiosulphate'is electrolyzed in a compartment 
cell, with a platinum cathode and lead anode, below 15*", ammonium sulphide is 
the only product obtained at the cathode, whilst at the anode, sulphur with various 
proportions of sulphurous, sulphuric, trithionic, and tetrathionic acids is formed. 
The amounts of sulphur and sulphuric acid increase, whilst that of tetrathionic 
acid decreases as the current density rises from 10 to 40 amps, per sq. dcm. 
E. Divers and M, Ogawa found that ammonium thiosulphate is freely soluble in 
water ; H. Stamm found its solubility is small in aq. ammonia ; and A. Naumann, 
and W. Eidmann, that it is sparingly soluble in acetone. The use of ammonium 
thiosulphate in analytical work has been discussed by A. Carnot, and A. L. Orlowsky. 
A. Ferranti made a soln. of hjdnudne ihiosillllhate, (N 2 H 4 )oH 2 S 203 , by adding 
barium thioaulpliate to a soln. of hydrazine sulphate until the filtered liquid gives 
no further precipitate with barium chloride. 

A. Fock and K. Kliiss prepared lithium thiosolphate* Li2S208.3H20, by double 
decomposition with soln. of lithium sulphate and barium thiosulphate; and 
evaTOrating the clear liquid over suiphu^c acid. The colourless, deliquescent 
neemes give off water and sulphur when neatedi leaving a residue of lithium sulphate 
and sulphide. J. Heyer and H. Eggeling ob^ined the salt from soln. of lithium 
carbonate and barium thiosulphate. The hygroscopic salt is soluble in absolute 
alcohol. 
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V. Chaussier^ prepared sodium thiosulphate, NaoS^Os—which he called hydro- 
sulfitre .wJfiire de sonde —tTom sulphurous a(*id and sodium sulphide, or from sodium 
sulphite and hydrogen sulphide, li. N. Vauqueliu prepared what he called sulfites 
sulfurvH, by digesting solo, of sodium sulphate or sulphite with sulphur; and 
J. f. W. llerschel— following J. ij. Gay Lussac—called the salt hyposulphite of soda, 
and obtained it by oxidiising asuln. of calcium hydrosulphide in air, and subsequent 
double decomposition with a sodium salt. The salt is produced by the action of 
sul]>hur on the alkali hydroxide or carbonate, or by the action of sulphur on the 
hydroxides or carbonates of the alkaline earths and subsequently transforming, 
.say, calcium thiosulphate into the sodium salt by double decomposition with alkali 
Miiphute, and cryatalhzation. M. J. Eordos and A. Gelis showed that rather more 
thiosuljihate is formed than corresponds with the reaction: 3Na20+wS+H20 
=-2Na2H,,_2+Na2S203-t-H20. J. B. h>enderens said that this reaction applies 
only to a limiting state when the soln. are sulHciently concentrated to allow 
the formation of a high poly sulphide, with dil. soln., the polysulphide forms 
thiosulphate and hydrogen sulphide. The reaction with alkali carbonate can 
be symbolized: Na2S203-f2Na2S3+^^C02; and with milk of 

lime: (^a(OiI)2-f-S—CaS-f-HoO-f-C ; CaS-f-dO—CaSOg ; CaS03-f-S=CaS203 ; and 
(’aS+ 48 ~CaS 5 . IL Ponieranz supposed that the reaction results in the formation 
of a sulphoxylate: 4 XaOH+ 2 H—Na2S+Na2S02+2H20; or 3 NaOH +28 
-^Na 2 JS-|-NaH 802 -l-H 20 . C. Fahlberg and M. W. lies said that the molten alkali 
hydroxide, if not in excess, reacts with sulphur to form polysulphide and thio¬ 
sulphate, but if not in excess, alkali sulphite and sulphate. K. Filhol and 
J. ib Senderens represented the thermal value of the reaction with solid alkali 
and solid sulphur by 14*4 Cals., and in dil. soln., zero. The reaction was also studied 
by H. Howard, F. A. Walchner, A, Lenz, H. Fleck, E. Pollacci, C. F. Capaun, 
T. Brugiiatelli and P. Pelloggio, and E. Divers and T. Shimidzu. The thiosulphate 
is also produced by the action of sulphur on alkali or alkaline earth sul¬ 
phates, phosphates, or chromates. Thus, T. Salzcr gave wNa4P207+12S+3H20 
--2Na2S5+Na2S203-|-6Xa3HP2074-(«““b)Na4P207. The reactions were studied 
by W. SeleznelT, J. B. Senderens, E. Filhol and J, B. Senderens, and A. Girard. 

Thiosulphates are ]»roduced by the action of hydrogen sulphide or alkali sul¬ 
phides on sulphur dioxide or sulphites. Thus, L. N. Vauquelin : 2Na2S+3SOo 
--2Na2S203 i-S; and E. Drechsel, Na2S207+2NaSH==Na2S04+Na2S203+H2S • 
the (yhemi.sche Fabnk Griesheim-Elektron, 2NaHS03+2Na2S+2S02==-3Na2S203 
KHmO ; F, Raschig represented the reaction: 6NaHS63+2Na2S=2Na2S03 
.-^XaoSoO^+clhfoG. The reaction between hydrogen sulphide and sulphurous 
acid is discussed in connection with the former, and also in connection with 
the polythionates. F. Forster and co-workers showed that it can be represented 
by the balanced reaction : H2S+H2S03 ;f^H 2S202+H20, where the inter¬ 

mediate product is converted by an excess of sulphurous acid into sulphoxylic 
acid, which becomes polymerized to thiosulphuric acid; H.2S202+H2S03-f-H20 
-^3H2S02 and 2H2SO2 ^H2S203-f H2O. The production of thiosulphuric acid 
may, therefore, be expected to be the end-point of the changes if the reaction can 
be conducted under conditions such that the H*-ion concentration is insufficient 
to affect the stability of the thiosulphate anion. These conditions are realized 
( xperimentally w^hen aq. soln. of sodium hydrosulphide and sodium hydrosulphite 
in the mol. proportion 1 :2 are mixed, whereby sodium thiosulphate is obtained 
readily and in a high degree of purity; 2NaH8-f4NaHS03—3Na2S203-f3H2O. 
The preparation of sodium thiosulphate from sodium sulphide and sulphur dioxide 
o^l^from sodium sulphite and hydrogen sulphide occurs very smoothly and almost 
without separation of sulphur when alkali hydroxide is added initially to the soln. 
in such amount as to lead ultimately to the presence of sodium hydrogen sulphide 
and sodium hydrosulphite in the correct proportions. H. Bassett and R. 6. Durrant 
added that the synthesis of the thiosulphate here involves the consecutive 
reactions H2S4-H2S205 v=^H 0.S.0.S.OH“1-8(0H)2 ; H2S4-(H0)2SF^2S-b2H20; and 
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S+H2S03^'^H2S203. Alkali favours the thiosulphate formation in tlie last 
reaction. Hence, in alkaline soln. both thiosulphate and a mixture of sulphide 
and sulphite are equally stable. Only in the neighbourhood of the neutral point 
is a synthesis of thiosulphate by this method possible. Su]i)hide and sulphite do 
not react in alkaline soln. The reactions were also studied by E. F. Anthon, 
H. V. Tartar and C. Z. Draves, E. Mitscherlich, E. Divers and T. Sliimidzu, and 
the Grasselli Chemical Co. L. A. Buchner also showed that hydrogen sulphide 
or an alkali sulphide may furnish a thiosulphate by reacting with boiling soln. 
of different alkali salts in air— e.q, borates, chlorates, acetates, tartrates, and 
phosphates ; and G. Chancel and E. Diacon, with tetrathionates : NaoS+Na.;S40(5 
=^S-f- 2 Na 2 S 203 . ; 

I'hiosulphates are also formed by the oxidation of soln. of sulphides or poly- 
sulphides. Thus, in the electrolysis of soln. of sodium sulphide or hydrosulphid(‘, 
F. W. Durkee observed that the thiosulphate is formed as an intermediate ])rodu< t 
of the oxidation of sulphides to sulphates. During the electroylsis of a dil. soln. 
of sodium sulphide (containing about 3*4 grms. of sodium in 400 c.c.) by a current 
of about 3 amps., hydrogen was evolved at the cathode, and the liquid betaiin* 
yellow, at first around the cathode and ultimately throughout; light yellow 
sulphur then appeared on the anode, but scaled off again, and in greater part dis¬ 
solved ; fine white sulphur next separated near the surface of the liquid about the 
anode, but dissolved as it sank through the soln. until a cert^ain stage of the 
electrolysis, wlien the yellow colour of the liquid disappeared and the white sulphur 
settled in the beaker ; subsequently more oxygen escaped than at any previous 
»tage. The sf'paration of whit(‘ sulphur is characteristic of the oxidation of 
thiosulphate, whilst the separation of yellow sulphur is incidental to the pres(‘nce 
of polysulphide. These facts indicate that the course of oxidation of sodium 
siil])hide by electrolysis is similar to that of its oxidation by air : the sulphide is 
first oxidized to hydroxide and thiosulphate, the latter passing to sulphate 
with separation of sulphur; this sulphur dissolves in unaltered sulphide 
to form polysulphides, which are oxidized to thiosulphate with separation of 
sulphur. Thus during the electrolysis, sulphides disappear first, then the hydroxide, 
and finally the thiosulphate, the sulphate being virtually the end product. On 
electrolyzing sodium sulphide vsoln. with 'an alternating current, the platinum 
electrodes dissolved, whereas no such dissolution was noticed in tlie case of the 
direct current electrolysis. A. Scheurer-Kestner holds that the sodium sulphide 
is oxidized directly to sulphate without the intermediate formation of thiosulphate. 
0 . Lunge and co-workers have studied the oxidation of sodium sulphide in air. 
There are two stages in the process. In dil. soln., the oxidation, even in 
boiling liquor, does not proceed beyond the thiosulphate : 2Na2S4-202+H20 
"=--Na 2 S 208 + 2 Na 0 H. As the liquor becomes concentrated, the thiosulphate is 
reduced to sulphide and sulphite, and no sulphate is formed : 3Na2S203-+*6Na0H 
--2Na2S+4Na2S03-f 3H2O. This'is confirmed by the work of H. Schappi. If 
the alkali sulphide be fused, air may oxidize the sulphide to sulphite and finally 
to sulphate. If alkali nitrate be present, there is no oxidation below 138 ^ ; above 
188 ®, oxidation sets in, Na2S-|“3NaN03=3NaN02+Na2S03; E. W. Parnell said 
that no trace of ammonia is formed, even at 288 ®, but G. Lunge and co-workers 
showed that when the temp, has risen above 170 ®, ammonia is produced in large 
quantities. From 155 ® to 180 ® the oxidation of the sulphide is more ene;rgetic 
and sodium sulphate is formed by the oxidation of the sulphite : Na2S08-f NaNOs 
=r-NaN02+Na.>S04 ; and from 180 ° to 192 ®, the reactions are : Na 2 S 08 +NaN 03 
^--Na2S04-f STaNOa ; Na28+4NaN03==Na2S04+4NaN02; and NagS+NaNO® 
+ 2 H 20 =Ifa 2804 +NH 34 -Na 0 H. If iron be present, the oxidation sets in below 
138 ®, and sulphate is formed as well as ammonia and nitrogen, and no appreciable 
quantity of thiosulphate is formed during the whole action between 138 ® and 
163 * 5 . The reaction was also studied by P. Pauli, and G. E. Davis. E. E. Naef 
found that the oxidation of powdered hydrated sodium sulphide proceeds at 
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ordinary temp, in the presence of finely divided active charcoal. H. Molitor dis¬ 
cussed the manufacture of sodium tliiosulphate by oxidizing calcium sulphide in 
air, and then treating the product with sodium sulphate by the process devised 
by H. Buff. F. Hefti and W. Schilt obtained thiosulphates by oxidizing hydrogen 
sulphide with nitrites. H, (\ Jones also showed that alkali polysulphides form 
thiosulphates by atm. oxidation : 2Na.2S5-j~302=^2Na2S203+t)S. P, Kircheisen 
ol>tained a sola, of sodium hydro.sulphide by treating a soln. of barium sulphide 
with sodium hydrosulphate or hydrocarbonate, or w'ith equimolar proportions 
of the free acids and the normal salts, and allowed the soln. to oxidize. 

M. Schaffner, J. Townsend and J Walker, E. Kopp, W. 8. Losh, etc., prepared 
the thiosulphate from the calcium thiosulphate, obtained in the regeneration of soda 
from the black-ash proci'ss, by double decomposition with sodium sulphate, and 
crystallizing out the sodium thiosulphati*. The manufacture from the waste of the 
Leblanc soda ])roeess cannot ( yn\\ inuc because the exhaustion of the available waste* is 
only a question of time* now that process has been superseded byolectrol}qic methods. 

P. de (Vermont and J. Fiommel, P. Kircliesen. V. Legrip, A. Colson, and 
E Breclisel obtained tlie thioMilphati* by boiling the aq. soln.: Na285-f 3H2O 
Na2So03-f SHoS ; 11 . Brunner, bv tnaitment with sodium nitrate ; W. Spring, 
by oxidation with iodine*: Na^S-f Na^SO^-flo "Na2S203 f 2NaI ; K. W. Jiirisch, 
P. Fauli, and E. Carey ami eo workers, R. Powell and W. Atkins, and E. Donath and 
F. Milliner, by oxidation with manganese dioxide: 2NaoS-f-8Mn02+H20 

Na2S203+2Na0H+4Mmd)3; or with dichromates : 2Na28jj | 4NaoCr207+Ho0 
-5Na2S203+2NaOH-i WUK 

Thiosulphates are ])roduc(*d by the* union of sulfiliur with sul]>hites. Thus, 
by boiling an aq. soln. of a sulphite with suiplmr . Na2S03 d S-'---Na2S203, H. Bassett 

and R. (b Durrant showed that the reaction is re¬ 
versible, but the thiosulphate is very stable in 
alkalim* soln., so that thiosulphate is readily formed 
by hoilmg alkaline sulphite soln. with sulphur. 
Neverth<‘less, even in the alkaline soln. there may 
be a perf(*c‘tly definite although very small disso- 
eiation into sulphite and sulphur. If alkaline thio¬ 
sulphate. soln. containing alkali sulphide are boiled 
III absence of air, they become deep yellow owing to 
formation of polysulphide, the extra sulphur for 
which is obtained from the thiosulphate. A similar 
is obtained by boiling an alkaline thiosulphate 
soln. with sodium formal dehydesulphoxylate. The yellow soln. obtained gives an 
immediate precipitate of lead sulphide with lead plumbite, showing that sulphide 
IS formed on alkaline hydrolysis of sulphoxylate. The equilibrium between sulphide 
and thiosulphate may be written NasS-t Na2S203^Na2S2+Na2S03, although higher 
polysulphides might result as well. Such a reaction does not necessarily involve any 
dissociation of thiosulphates into sulphite and sulphur. There can be little doubt 
that it is because of such equilibria that a trace of hydrogen sulphide greatly accele¬ 
rates the reaction between sodium sulphite and sulphur. Sometimes there is a long 
delay before ^Iphur begins to dissolve in boiling sodium sulphite soln., and in 
such cases the effect of passing a few bubbles of hydrogen sulphide into the soln. 
IS very marked; once the action has commenced it proceeds smoothly. The 
catalytic action of sulphide has been referred to by H. E. Watson and M. Raja- 
gopalan, and L. Hargreaves and A. G. Dunningham. Alkali also catalyzes the 
reaction owing to the production of sulphide by hydrolysis of the sulphur. It 
must be supposed that sodium sulphide or hydrogen sulphide is more efficient 
m detaching atoms of sulphur from solid sulphur than is sodium sulphite. The 
manufacturing process bnsed on this reaction lias been dejwTibed by L. Hargreaves 
and A. C. Dunningham. They represented the rate of the reaction with sulphur, 
sulphite,, and water eq. to 55*6 per cent. NaoSsOs, agitated at 80 ®, by the curves. 



Fig. 108.— Progress of t/hc 
Conversion of Sulphite to 
Ttuosulphate. 
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Fig. 108- These curves show that a sat. soln. of sulphite is first formed, and that 
its conversion into thiosulphate proceeds rapidly. The presence of thiosulphate 
in the soln, decreases the solubility of the sulphite, so that as the cone, of the thio¬ 
sulphate increases that of the sulphite decreases; and with the decrease in the 
cone, of sulphite there is a corresponding decrease in the rat(^ of formation of the 
thiosulphate. The reaction was also studied by H. E. Watson and M. Rajagopalan, 
who said that the velocity of the reaction between sodium sulpliitc and sulphur 
depends almost entirely on the rate of dissolution of the sulphur, and is not governe* I 
by the cone, of the sulphite soln. Dilution, however, caused a slight increase in 
the percentage conversion. Sodium sulphide exerts a catalytic influence; and 
freshly prepared sulphur dissolves more quickly than aged sulphur. F. Rusberg 
treated soln. of sulphide with a gas containing sulphur dioxide. E, Sidler lieatcd 
a dry mixture of sulphur with a sulphite or with a hydrosulphite and hydrocarbonatc 
at 120°-130° ; V. Faget showed that if the normal sulphite be replaced by a hydro- 
sulphite, a sulphate and only traces of thiosulphate are formed. 

The Verein chemischer Fabriken prepared it by the action of sulphur dioxide on a 
mixture of alkali hydrocarbonate and sulphur. G. Halphen produced thiosulphaU* 
by electrolyzing an alkali sulphite*; M. G. Levi and M. Voghcra worked at 25' 
with a cone. soln. of sodium sulphide in the cathode compartment, and a feebly 
alkaline but cone. soln. of sodium sulphite in the anode compartment; H. von 
Pechmann and P. Manck, by boiling a sulphite with formic acid ; E. Mitcherlich, 
P. Schiitzenberger, and H. A. Bernthsen, by dissolving zinc, iron, etc., in sulphurous 
acid ; and B. Rathke, by the action of selenium on alkali 8 ulphit<\s. Thiosulphates 
are also formed by the decomposition of an aq. soln. of ainidosulphites, hypo¬ 
sulphites, trithionates, tetrathionates, and p(*ntathional (‘8 — q.v. M. J. Fordos 
and A. Gelis, and 0. Ruff and E. Gcisel also observed that thiosul]jhateH are pro¬ 
duced by the hydrolysis of nitrogen t^etrasulphide : 2N4S4~f‘15Il20 ~(NH 4 ) 2 S 203 
’■|- 2 {NH 4 ) 2 S 30 fl-j~ 2 NH 3 , or, in the presence of alkali: 6 NaOH-l~N 4 S 4 -f SHoO 
---Na 2 S 2034 ' 2 Na 2 S 03 + 4 HN 3 . The subject was reviewed by R. Hazard. 

Sodium thiosulphate as it crystallizes from aq. soln., at ordinary temp., is lu 
the form of the pentahydrate, Na 2 S 203 . 5 H 20 . According to P. Jochum,^ if the 
supersaturated soln. be treated with alcohol, an oily liquid is obtained which, when 
treated with 98 per cent- alcohol, furnishes the Inhydrate, Na 2 S 203 . 3 H 20 ; and, 
according to W. W. J. Nicol, supersaturated soln. of thiosulphate? deposit the 
dihydrale, Na 2 *S 203 * 2 J^ 20 ; he also gave less definite evidence of a possible 
heTmirihydrale, Na 2 S 203 . 1 JH 20 . L. K. Riggs obtained anhydrous thiosulphates 
by heating the hydrated salt in an atm. of water-vapour to a temp, high enough 
to drive ofi the water of crystallization, and holding the product at that temp, 
until it is removed from the wat<?r-vapou]f so as to prevent recombination. 

From F. Guthrie's observations on the eutectic mixtures, and S. W. Young and 
CO- workers' on the transition points, W. W. Taylor's on the solubility, S, per cent. 
Na 28203 , the stable solid phases, and the solubilities appear to be : 

-S-S" -ll" 0“ 10* 20* 40* 50* 60* 80-5* 100* 

4^ . 1604 3003 34-43 37-90 4M7 50-65 62-92 67-39 71-33 72-0 8 

'-V-' '-V-' '-V-' '-V-' 

Solid phases Ice Na,S,0,.5H,0 Na^ 8 s, 03 . 2 HaO 

The results for the stable hydrates are illustrated by Fig. 109. The liquid is very 
prone to form metastable and supersaturated soln. The dotted linos represent 
metastable hydrates which are illustrated in more detail in Figs. 102 to 
104. The transition temp, for Na 2 S^ 08 . 5 H 20 ^Na 2 S 203 . 2 HQ 0 + 3 H 20 , given by 
T. W. Richards and J. B. Churchill, is 47-9*^; S. W. Young and^'W. E. Burke, 48*2" ; 
and by A. von Trentinaglia, 48*09'’. H. M. Dawson and C. G. Jackson found that 
the transition temp, was lowered 0-654° if 0-4425 grin, of urea be associated with 
65-4 gnns. of thiolSnilphate ; 0*857° with 0-6940 grm. of urea jK'r 05-6 grms. of thiosul¬ 
phate and 1-096° with 1-2605 grms. urea j>er 90-06 grms. of thiosulphate. The 
transition point for the passage of the dihydrate to the anhydrous salt given by 
8 . W. Young and W. E. Burke is 68-5°. Observations on the solubility were also 
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made by F. Rudorff, G. J. Mulder, P. Kremers, L. Wohler and J. Dierksen, and 
H. Schiff. The a>pentahydrate is the ordinary commercial salt. S. W. Young 
and W^ E. Burke said that the pentaliydrate is stable at all temp, below 48 - 2 °. 

If any of the other forms of thiosulphate, contained in 
— 1 —f /te ' J " 1 tubes, arc cooled to about — 35 ° and then allowed to 

70 ° warm up, the a-pentahydrate grows through the mass of 

|/ ll~j crystals and .soln. contained in the tub(‘s. The crystals 
—'soiution^yfi^^ start to grow at the lower temp, but grow very slowly; 

-— Ijjp yate of growth increases rapidly with the temp., 

37 f - -^.^ 7 ^— becomes very great. F. I’armeuticr and 

Z 0 ° -L. Amat reported a labile or unstable modification of 

70 ° —f—^7 the pentahydrate which furnishes long fine needles. On 

— standing, the oiwique mass of fine crystals gradually be- 
- 70 °^ —I—- comes clearer, in some cases perfi'ctly transparent, to the 
'^‘’o^zrscTfdlfsr^'so eye, resembling a very clear jelly. Its other properties 
Per cent. remain unchanged. If partially melted and allowed to 

Fig. 109.-The Solubility solidify, it comes down in fine, needles, as at first. It 
of tho Stable Hydrates is called the jS-pentahjorate. It was obtained by 
of Sodium Thiosulphate, g Young and J. P, Mitc'hcll by beating the ordinary 
or a-form at for a few minutes in a sealed glass 

tube, and cooling to — 10 ° or — 20 °, when the jiroduct solidifies in long needles. 
The y-'pentahydrate of S. W. Young and J. P. Mitchell was shown by S. W. Young 

and W. E. Burke to be really a hexahydrate, and it was made as in the case of 

the ^-pentahydrate, but with a little water in the tube. The tetrahjfdrate is 
produced when th<' ) 3 -p<intahydrate is heated above »*i 0 °. The crystals closely 
r(‘semble those of the ^-pentahydrate. The a-dil]ydrate is the ordinary form 
of the dihydrate which was obtained by W. W. Taylor, etc., by h(?ating the 
])entahydrate above its transition temp., and allowing it to cool, at, say, 
50 ° to 55 °, until crystallization starts. It forms coarse needles resembling the 
a-pentahydrate. The ^-dihydrate is obtained by keeping the trit^tetrahydrate 
at a temp, slightly above 0 ° when it forms thin, radiating plates. The hemitriby" 
drat 6 or sesquihydrate is formed by keeping the liexahydrate at about 14 * 2 ° for some 
time, when the containing tubes furnisli very fine, needle-like crystals resembling 
those of the tritatetrahydrate, and they grow more rapidly. The tritatetrahydrat 6 
was obtained by keeping the hexahydrate at about 15 ° in a superfused stat^^ The 
crystals appear as fine needles, and if the soln. is at all cone, it becomes filled with 
them, and appears to be almost completely solidified, when in reality the crystals 
form but a small proportion of the total mass. The a-monohydrate is formed when 
the a-pentahydrate is melted and kept in a surf used state at ordinary temp, for a 
day or two ; and it forms in soln. of the anhydride at temp, below 50 ° ; and in soln. 
of the tetrahydrate at temp, above 40 °. It grows very slowly in cone, soln., forming 
either long, coarse needles, or small rectangular prisms according to the conditions 
under which the crystallization occurs. The j 3 «*monohydrate is obtained from the 
hemitrihydrate by transition below 50 °, The crystals resemble those of the 
a-monohydrate. The y^moiiohydrato is produced when jS-dibydrat^e is heated above 
35 ° ; the crystals resemble those of the other monohydrates. The h0illibydrat)8 
is formed by heating they-monohydrate at temp, above 50 °; the crystals resemble 
those of the monohydrate. The anhydrous salt is formed in rectangular prisms 
when any of the other hydrates are heated at temp, above 70 °. 

M. Kcon studied the heating curves of sodium thiosulphate and water obtained 
by spontaneous crystallization in nuclei-free, closed vessels, and said that a 
(iecahydrate, Na2S208.10H20, and a dodecahydrate, Na2S203 I2H2O, exist, but the 
former can alone be isolated at a low temp., the latter decomposes. He concluded 
that hydrates do not exist in soln.; and that the tertiary, quaternary, and 
quinquinary hydrates of S. W. "Young and W. E. Burke do not exist. All the 
hydrates are either primary or secondary. 
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Thus, according to S. W. Young and W. E. Burke, there are thirteen crystalline 
modifications of sodium thiosulphate ; twelve of tln^se are hydrated, namely, one 
hexahydrate, two pentahydrates, one tetrahydrate, two dihydrates, one hernitri- 
or sesquihydrate, one tritatetra- 

hydrate, three monohydrates, and ^ ^ 

one heraihydrate. They separate ^ » j ^ ~ | , j j 

these hydrates into five groups— ” I ^ ! ! i j 

primary, secondary, tertiary, qua- ^ * 1 i ^ 

ternary, and quintary—on the I I 

basis of their conduct in under- ^ n 

going transition with rising temp., ^ ^ ’ j ^ T~ J pf 1^1 
and these transitions are not / I 1 ^ r j \^ir.r^£/fi\jr 

always in accord with rule of 

successive reactions—2. 19 , 14 . fhrt.Na.S^O.permpart.ofso/utwn 

The primary, ordinary, or a-penta- 111 .—Solubilities of the Hydrates 

hydrate of ^oup I, Fig. 110 , under- Thiosulphate, 

goe^ transition at 48 * 17 ° into primary or a-dihydrate, but may be superlioaied 
past this transition temp, to the in.p. Sooner or later, the a-dih3’’drate appears 
in fusions kept near the m.p.; but the reverse transition occurs only with 
difficulty. With rising temp., the a-dihydrate passes into the anhydride at 66-5°. 
Expressing the solubilities in grams of Na.^S^Os per 100 grrns, of water, the 
primary aqientah^'drate furnishes. Fig. 1 10 , and 
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In group II, Fig. Ill, the ^-pentahydrate superh(*ats only slightly, passing into 
the tetrahydrate at 30 * 22 ° with great facility ; similarly the reverse cliange takes 
place very readily without undercooling. The change from the tetrahydrate to the 
a-m 4 >nohydraie at 40 * 05 ° takes jilace with difficulty and superheating ; and similarly, 
the a-monohydrate readily undercools. If undercoolod at ordinary temp., the 
a-monohydrate passes directly into the ^-pentahytirate ; and at a higher temp., 
50 * 5 °, the anhydride is fornu'd. With the same units as before, the solubility of 
the secondary or 61 -pentaliydrate is : 

0 * 5 ® 10 * 15 ® 20 ® 25 ° 30 ® 

/3-5H,0 . 41*96 43*56 45*26 47*27 49*38 62*16 56*57 

that of the tetrahydrate is 58*59 at 33 * 5 °, 60*61 at 36 * 2 °, and 62*80 at 38 * 6 ° ; and 
that of the a-monohydrate is : 

0 ® 10 ® 20 ® 30 ® 40 ® 60 ® 65 ® 

a-HgO . 60*47 61*04 62*11 63*66 66*22 66*82 67*90 

In group III, Fig. 112 , the hexahydrcUe was regarded as a y^perUaliydrate by 



iO $0 60 70 80 40 so 60 70 80 40 50 60 70 80 

Pdfis Ha jSfOj //7 parti of sofutton 

Flos. 112, 113, and 114.—Solubilities of the Hydrates of Sodium Tliiosulpbate. 

S. W. Yotirig and J. P. Mitchell, and they said that it acts as a tertiary hydrate, and 
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may be superheated even to fusion without the appearance of the hemitrihydrate. 
The converse undercooling is also marked. The hexahydrate passes into the 
hemitrihydrate at 14*3®; and the hemitrihydrate into the ^-monohydrate at 
48'50°—there being here no marked undercooling or superheating. At 61°, the 
^-monohydratc passes into the anhydride. Expressing solubilities as before, the 
value for the hexahydrate is 46*14 at 0°, 48*44 at 5°, 51*66 at 10°, and 54*96 at 
13° ; for the hemitrihydrate : 

0° 5“ 10'* 20“ 30“ 40® 45“ 47 5“ 

IJHjO . 57*42 57*84 58*28 59*28 00*78 62-60 63*97 64*68 

and for the j3-monohydrate, 64*78 at 47*5°, 65*30 at 50°, 65*89 at 52*5°, 66*45 at *55°, 
and 68*07 at 60°. The hydrates in group JV, Fig. 113, behave like those in 
group III; the hexahydrate—the same as the hexahydrate in group III—super¬ 
heats up to its m.p., and if the fused mass is held for some time a degree or two of 
temp, above the m.p., the Iritatcirahydraie appears with the transition temp. 14*35° ; 
the tritatetrahydrate passes into the anhydride at 58°. Expressing solubilities as 
before : 

0« 5° 10“ 20" 30“ 40“ 50“ 55® 

IJHjO . 57*63 58*08 58*49 59*57 61*03 62*95 65*46 67*07 

In group V, Fig. 114, the ^-dihydrate may superheat past the mono- but also past the 
hemihydratc, and when the transition then occurs, the monohydrate is first formed. 
The y-monohydrate supercools but slightly with respect to the dihydrate. The 
y-monohydrato readily superheats some 10° above the transition temp, into the 
hemikydrate ; the hemihydrate readily supt'rcools with respect to they-monohydrate, 
and also with respect to the superheated jff-dihydrate. The transition point for the 
j8-dihydrate into the y-monohydrate is 27*5°; for the y-monohydrato into the 
hemihydrate, 43°; and for the hemihydrate into the anhydride, 70°. Expressing 
solubilities as before, for the ^-dihydratc : 

0“ SO'" 10“ 20" 30“ 40’’ 50“ 55“ 

^8-211,0 . 57*63 58*08 58*49 69*57 61*03 62*95 65*45 67*07 

for the y-monohydrate: 
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The auhydrou.s sodium thiosulphate furnishes prismatic CISTStals. The 
a-pentahydrate, or the ordinary form of sodium tliiosulphate, was found by 
F. de la Provostaye to furnish monoclinic prisms with the axial ratios 
a:b: c™0*3508 : 1 : 0*2745, and jS 103' 58'. The crystals were also examined by 
H. de Senarmont, and C. F, Rammelsberg. The optic angle is nearly 100° ; 
and H. Dufet gave 2Ha^S3^ 15'; 27-80° 16' for Na-light, and 2£'-154° 7'; 
while A. des Cloizeaux gave 2£—154° 1' for red-light; 154° 14' for yellow-light; 
and 155° 57' for blue-light. A. Fock and K. Kliiss obtained similar crystals from 
alcoholic soln. F. Parmentier and L. Amat said that the crystals of the jS-penta- 
hydrate are probably monoclinic. The crystalline forms of the other hydrates of this 
salt have not been determined ; many of these cannot be handled except in scaled 
tubes. G. T. Gerlach gave 1*667 for the specific gravity of the anhydrous salt at 
l4°/4° ; and for the a-pentahydrate, H. J. Buignet gave 1*672 ; H. Schiff, 1*734 ; 
W. C. Smith, 1*723 ; J. Dewar, 1*729 at 17°, and 1*7635 at the temp, of liquid air, 
—188*7°; and H. Kopp, 1*736 at 10° on a sample which had been melt€*d and 
crystallized many times, and he reported that on melting, the i>entahydrate expands 
5*1 per cent, in vol. H. Schiff found the sp. gr., D, of soln. with p per cent, of the 
pentahydrate, at 19°, to be : 

P . s 10 15 20 25 30 36 40 45 50 

D . 1*026 1*053 1*081 M09 M36 1*168 1*199 1*230 1*262 1*295 
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Othi'r obsi'rvatioiis on the sp. gr. of these soln. were made by P. Kremers, 
W. W. J. Nicol, and K. Bauinhauer. F. Fldttinann observed that the sp. gr. of 
a one per cent. soln. at 20'^, and 25® are respectively 1*0075, 1*0065, and 1*0052. 
JJ. 0. Masson studied the solution volume and the solvation of the molecule. 
H. Schiff and U. Monsacohi observed that when the salt is dissolved in water, 
increasing contraction occurs until 40 per cent, of the salt is present; the contraction 
then decreases until 78 per cent, is present when the contraction is zero ; there¬ 
after, an expansion occurs. L. de Boisbaudran observed the following percentage 
change of vol.—referred to the vol. of the solid salt—when p grms. of salt are present 
per KX) grms. of soln.: 

p ... 1*5 7 12 35 60 85 100 

Change in vol. -17-97 - 15 09 -13-35 -7-68 - 2-74 4-2*00 -f 4-54 per cent. 

Tiu' subject was studied by J. N, Rakahit. W. W. J. Nicol found that for the 
viscosity, if the time of flow of water at 20® be 100, that of a 79 per cent. sola, of 
flic thiosulphate at 20® is 834*4 ; at 25®, 685*2 ; at 30®, 574*5 ; at 35®, 487*1 ; and 
at 10®, 420-7. I. K. Taimni also measured the viscosity of theae soln. when super- 
lieated. J. Dewar gave 0*0000969 for the coeff. of thermal expansion over the 
range 17® to the temp, of liquid air, —188*7®. Summarizing the transition tempera¬ 
tures b}^ S. W, Young and W. E. Burke, a-pentahydrate^a-dihydrate, 48*17® ; 
a-dihydratei-~'*anhydride, 68*5; ^-pentahydratef=itetrahydrate, 30*22®; )9-penl>a- 
liydrate^a-dihydrate, 30*46® ; tetrahydrate^a-dihydrate, 31*50® ; tetrahydrate 
^^^a-monohydrate, 40*05®; a-monohydratei^anhydride, 56*5°; hexahydrate 
^-^hemitrihydrate, 14*25® ; hexahydrate^tritatetrahydrate, 14*3® ; hemitrihy- 
(lrat(‘^^/3-monohydrat(*, 48*5®; jS-monohydrate^=^anhydride, 61®; tritatetrahy- 
dratet=^aii]iydride, 58®; ^-dihydrate^y-monohydrate, 27*5®; y-monohydrate 
^hemihydrate. 43® ; and hemihydxate^anhydride, 70®. H. Kopp gave 45® for 
<h(‘ melting point of the a-pentahydrate ; T. W. Richards and J. B. Churchill, and 
W, W. Taylor, 47*9® ; P. Kremers, and H. Debray, 48® ; A von Trentiuaglia. 48*1® ; 
W. A. Til(l('n, 48-5® ; and G. J. Mulder, 50®. S. W. Young and W. E. Burke gave 
48*15® for tlje m.]). of the a-pontahydrate ; F. Parmentier and L. Amat, 32® for 
^-peiitahydrat/(' ; 8. W. Young and W. E. Burke, 41*65® for the tetrahydrate ; 
and 14*35® for tluit of the hexahydrate. E. N. Gapon studied some relationships 
of the m.p. A. Boutaric measured the lowering of the f.p. of the pontahydrate by 
an addition of urea, glucose, cane-sugar, sodium chloride, chlorate, nitrate, or 
sulphat(‘. TIh' fused pentahydrate readily passes into the surfiised state wlien 
{‘ooled, an<l this salt has been used in numerous investigations on the phenomenon 
in general--e.//. by A. Bliimcke, S. W. Young and co-workers, etc .—Me 1. 9, 6. 
C. Pape found that the undamaged crystals effloresce at 33® ; and E. A. Letts showed 
that when kept for two months in vacuo over sulphuric acid, the salt loses almost 
all its water of crystallization, and the remainder at 100®. The salt was found by 
iy. Pape to become anhydrous at 215®, and to decompose at 220®-225® with the 
formation of sulphur ; M. Berthelot gave 200® ; and E. A. Letts, 233®, provided the 
salt be rapidly heated—if slowly heated, the hydrated salt can decompose at 100®. 
A. Jaques also observed that if the hydrated salt be quickly heated in a test-tube, 
it is decomposed oear the hot wall of the tube while water is still being evolved, and 
much hydrogen sulphide is formed—^presumably from the water. Hence, he added 
that the nascent sulphur, together with the reducing action of sodium sulphite 
formed in the decomposition, is sufficient to break up the water : Na 2 S 03 +S-|~H 20 
=H 2 S+Na 2 S 04 , Sulphur, sodium sulphite, and sodium sulphate are present in 
the residue. It is noteworthy that no sulphur dioxide is given off; so that the 
presence of the sodium sulphite appears to Ixi necessary for the action t o go on, as 
otherwise the oxygen out of the water would probably unite with tlu* free sulphur 
which is present in the residue, forming sulphur dioxide. According to M. Picon, 
the hydrated salt loses water only on a prolonged heating in vacuo at 300®. 
L, N, Vauquelin, and C. F. Rammelsberg found that if the anhydrous salt bo strongly 
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heated, sulphur is formed, and the mass blackens ; and, on cooling, there remains 
a mixture of sodium pentasulphide and sulphate. M. Picon added that the main 
decomposition (which proceeds very slowly at 120 ® and is 
complete in six hours at 380®-385®) is into sodium sulphite 
and free sulphur, small quantities of sulphate and polysulphido 
also being formed. Above 400®, the proportion of sulphate 
and polysulphide increases until rapid heating at 6(X)° caus(‘s 
almost complete decomposition in accordance with the equa¬ 
tion 4 Na 2 S 203 — 3 Na 2 S 04 +Na 2 S 5 . On account of this rt*- 

action, sodium thiosulphate was recommended by J. Landauer 
as a blowpipe reagent. H. Debray found that the vapour 
Fig. 115. — Vapour pressUTO of the peiitahydrate remains unchanged while it is 

Pressure of Hy- r^elting ; and H. Lescoeur found the dissociation pressure oi 
drated Sodium o ’ . . -. .. 


— 

-- 

7 

- 

— 

-• 

_ 

- 


— 

- 


r 

1 

- 

0/23^5 
Mo/s 2^20 


Thiosulphate. 


the pentahydrate is 4 mm. at 20®, and 8*1 mm. at 40®. The 
vap. press, of a sat. soln. of the salt at 20 ® is 12 mm., and at 
40®, 33*2 mm. A. Speransky represented the vap. press, of the pentahydrate by 
p—75.454)^i}50, where log 7*3934. A. G. Bergman’s measurements of 
the vap. press, of the hydrated salt are summarized in Fig. 115. H. Predvoditelt*!! 
studied the rate of dehydration of the salt. G. Tammann observed the lowering 
of the vapour pressure of water was 16*0, 64*2, 191*1, and 361*0 mm. by the 
addition of 8*91, 32*86, 83*93, and 181*48 grins, of salt respectively per 100 grins, 
of water at 100®. The boiliiQg points of aq. soln. with g grms. of Na 2 S 203 p^r 
100 grms. of water, were found by G. T. Gerlach to be : 
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F. M. Raoult gave 39*9 for the mol. lowering of the freezing point in water, and 
T. W. Richards and H. B. Faber for 3*198,6*396, and 8*470 grms. of salt per 100 grms. 
of water respectively obtained a lowering of 0*855®, 1*594®, and 1*980® respectively. 
F. J. Faktor obtained mol, wt. 59*92-60*5 from the depression of the f.p. of soln.; 
and from the raising of the boiling point, 77*9 to 79*2. Hence, at low temp., the 
salt forms the ions 2Na', and S 2 O 3 ", but at higher temp, it forms the ions Na* and 
NaSoOs'. L. Bruner found the specific heat of the surfused salt to be : 


94*-17'‘ SS^-lC® 66^-16" 55^-16'^ 47^-17** 36“-17'* 

Sp. ht. . 0*684 0*587 0*590 0*699 0*602 (0-595) 0-563 

There are thus indications of a maximum at about 48® ; the bracketed number is 
probably misprinted as 0*395 in the original. A. von Trentinaglia gave 0*447 for the 
sp. ht. of the solid pentahydrate between 11 ® and 44 ®; and 0*569 for the molten 
salt between 13® and 98®. The heat of fusion is 37*6 Cals, at 9*86°. M. Berthelot 
gave for the heat ol formation of the salt from its elements 262*600 Cab*.; and 
in soln., 264*0 Cals. J. Thomsen gave (Na 2 ,S 2 , 08 , 5 H 20 )=--=193*99 Cals.; and 
E. Filhol and J. B. Senderens gave (S2O3,2Na)=25*10 Cals.; (NagO^oin , 8202 ) 
=27*0 Cals.; F. Riidorff found that when 110 parts of salt are mixed with 100 parts 
of water at 107®, the temp, is lowered 18*7® to ~- 8 °. M. Berthelot gave —10*82 
Cals, for the heat Of 80lati<m, and J. Thomsen, —11*73. M. Berthelot found —5*8 
Cals, for the heat of soln. of the a-pentahydrate, and J. Thomsen, —5*7 Cals.; and 
P. Parmentier and L. Amat gave —4*4 Cals, for the j5-pentahydrate. The Indices 
of retraction found by H. Dufct were for Li-light, a=l*4849, j8=l*5038, and 
y=l*5311 ; for Na-light, a=1*4886, j8=l*5079, and y^l*6360; and for TUight, 
a=l*4919, ^=1*5117 ; and y=l*5405, B. C. Damien also measured the index 
of refraction of this salt. F. Flottmann found the indices of refraction of one per 
cent. soln. at 15®, 20®, and 25® are respectively 1*33551, 1*33513, and 1*33458 for 
the D-line. The dOllUe refraction is positive, J. B. Almy observed no double 
refraction when a soln. of sodium thiosulphate is strained by a rotating cylinder. 
H, Dufet measured the dispersion for light of different wave-lengths ; while H. dc 
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Seiiarmont aludied what he called the dispersion croisec of the crystals. 
V. J. Sihvonen found maxima in the reflection ultra-red spectrum of sodium thio¬ 
sulphate at 10‘2/x, 15d/x, 18 and 19-7/x. 0. Stelling studied the absorption 

spectrum of X-rays. R. Robl observed no fluorescence with the salt in ultra¬ 
violet light. P. Bary found that the curves representing the variation of the 
refractive index with the cone, of the soln. is not continuous, but is made up of 
several right lines with different inclinations to the axis of the ordinates. Each 
break indicates a sudden change in the mol. conditions of the medium, and most 
probably corresponds to the formation of a new hydrate in the soln. The breaks 
occur with soln. of the molar composition : Na2S2O3.40H2O, when the refractive 
index is 1*3658, and Na2S2O3.20H2O. 1*3097. C. Cheneveau also measured the 
indices of refraction of soln. of this salt. J. A. Fleming and J. Dewar found that 
water with sodium thiosulphate in soln. has at “185*^ a dielectric constant of 30 to 70 
-with water alone it is 2*5. F. W. Kiister and A. Thiel measured the electrical 
conductivity of the molten pentahydrate ; the conductivity decreases as the 
proportion of water decreases ; and the variations of the resistance, R ohms, with 
tlie hydration expressed in terms of n mols of H 2 O per mol of Na 2 S 203 in the fused 
sjdf, are : 

n , . C C5 6*25 5*79 6-41 4-93 4-69 

R . 1074-8 1133-7 1204-9 1320-2 1493*6 1575*1 

A. F. HoUemann found the mol. conductivity, A, of sodium thiosulphate to be for 
an oq. of the salt in v litres, at 25*^: 

V . . 32 64 128 266 612 1024 

A . . lOM 107-6 113-0 117*4 120*0 120-2 

at infinite dilution, A^=128, and the velocity of the JS 203 -ion is 78*8. C. Watkins 
and H. C. Jones found for the molar conductivity, fx mho, and percentage degree of 


ionization, 

a, for 

a mol of the salt in 

V litres 






V 

4 

8 

16 

32 

128 

512 

1024 

2048 

4096 


77*9 

82*52 

94*10 

103-0 

113*1 

126*0 

124-8 

128*1 

131-4 

1 16“ 

115 3 

129*8 

143*4 

153*2 

172-4 

189*0 

191*9 

194*1 

195-0 

25“ . 

143 3 

160-8 

178*4 

193*0 

214*9 

234*9 

239-1 

24M 

244*0 

( 35^ . 

172*6 

196*0 

214*8 

235*0 

259-9 

283*8 

284*1 

284*3 

290*5 

J • 

52*9 

62*8 

71*6 

78-4 

86*0 

95*8 

94*9 

97*6 

100*0 

‘'\35 

69*4 

67-4 

73*9 

80-8 

89-4 

97*6 

97*7 

97-8 

100*0 


F. J. Faktor inferred from the electrical conductivity of aq. soln. that ionization 
takes place in the stages Na 2 S 203 ^Na’ 4 -NaS 203 '; and Na 2 S 208 ^ 2 Na‘-f-S 203 ''. 
When the soln, of sodium thiosulphate is electrolyzed, it forms siilphur, hydrogen 
sulphide, tetrathionic acid, sulphur dioxide, and sulphuric acid. F, W. Durkee 
found that the thiosulphate is an intermediate stage in the electro-oxidation of 
liydrosulphide soln. to sulphates; while A. Scheurer-Kestner believed that the 
oxidation proceeds directly to sulphate —vide supra. L. N. Vauqueliu reported that 
< he salt is inodorous; and has at first a cooling taste which afterwards appears 
bitter, slightly alkaline, and sulphurous. F. de la Provostaye, H. de S4narmont, 
and L. N. Vauquelin said that the salt is deliquescent in moist air. F. Chaussier 
found that the salt is permanent in dry air, but when heated in air, it burns with 
a blue flame. J. Obermiller measured the hygroscopicity of sodium thiosulphate. 
The solubility in water has already been discussed—Pigs. 110 to 114. C. F. Capaun 
showed that when heated with water, in closed vessels, it deposits sulphur until 
nothing is left in soln. but sodium sulphite ; and if exposed to air, it deposits sulphur, 
atul forms sodium sulphate. 

According to E. V. E8f>enhahn, the reaction between a thiosulphate and sulphur 
dioxide is expressed by the equation: 2 (NH 4 ) 28203 - 1 - 3 S 02 —(NH 4 ) 2 S 30 o 

d-(NH 4 ) 2 S 403 . Under certain conditions, other reactions occur according to the 
equations (i) 2 (NH 4 ) 2 S 203 + 3 S 02 +S= 2 (NH 4 ) 28403 , and (ii) 2 (NH 4 ) 2^06 

==(NH 4 ) 2 S 303 d-(NH 4 ) 2 S 30 e; these, however, do not influence the main reaction. 
L. Hargreaves and A. C, Dunningham’s relations between the mutual solubilities of 
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sodium sulpMte and thiosulpliitc, at 8()', an- shown in Fig. 116. H. I’. Cady and 
R. Taft observed that sodium thiosu)j>liati- i.s appreciably .soluble in liquid sulphur 




Fig, 116.—‘The Tornary Syst-eni: Fig. 117. -Mutual Solu- 
Na.JSoOa-Na.SCVH‘O, at 80\ biliiies of Sodium Sul- 

phate and ThioauU 
pliato. 



Fio. 118. --Mutual Solu¬ 
bility of Sodium Sul¬ 
phite and Thumul- 
phato. 


dioxide. L. Wohler and J. Dierksen studied the solubility of binary and ternary 
mixtures of Na2S203-Na2S04-Na280,,. The effect of sorliuni thiosulphate on 
solubilities of sodium sulphate and 8ul[)hite are ; 





-Ntt 2 S 04 




-Na^SOj 




40’ 

60° 

HO 

^ 1 1 

40° 

CO 

HO 

Na,S ,03 

36-10 

49-4 

05-9 

70-2 

36-9 

49-4 

64-4 

69-7 

Na,S 04 . 

7-22 

1-86 

J-57 

M2 




— 

NajSO, . 

— 

— 

— 


5-6 

M 

0-3 

0-36 


The corresponding curves, Figs. 117 and 118, show that th(‘ solubility of sodium 
thiosulphate increases rapidly with temp, and is depressed a little by the sulphate 
but less so by the sulphite. The mutual solubilities ot the three salts are as follows 
when the solubilities of the individual salts are indicated in brackets : 


Na,S,0, 
Na,804 • 
Na,SOa . 


23'’ 


40'* 


60° 


80° 


33-80(42-4) 

6-62(19-4) 

6*35(22-0) 


49-30(50*7) 

l*75(32-5) 

0-63(220) 


63-10(66-6) 

1-59(31-25) 

0-14(22-0) 


69-09(71-6) 

1-36(30-3) 

0-18(220) 


The results are plotted in Fig. 119 at 23^. R. R. Garran examined the ternary 
system Na 2 S 203 “ 4 Na 2 S 04 -H 20 at 0-8, 18'’, 25'’, and 40°. The results at 18'’ 

and 25° are illustrated in Figs. 120 and 121. 
The curve ab denotes soln. in equilibrium with 
solids along the line a'b' which is so short that it- 
gives only slight evidence of the formation of 
mixed crystals Na 2 S 203 . 5 H 20 and probably 
Na 2 S 04 . 5 H 20 . The curve be, Fig. 120, denotes 
soln. in equilibrium with solids along 6'V, and 
there is here definite evidence of the formation of 
mixed crystals of the two decahydrates. The 
two-phase dry solids along the line from 6' to 
are in equilibrium with the soln. at the triple 
point b. The three curves ad, de, and Fig. 121, 
represent three phases ; ad denotes soln. in equi¬ 
librium with mixed crystals along a*d *—mainly 



Fig. 119.—^Th© Ternary System: 
Na,S 0 a-NajS 04 -Na 2 Ss 0 j in 
Aqueous Solution at 23°. 


Na2S208.5H20; de denotes those in equilibrium with the mixed crystals 
—^mainly anhydrous Na 2 S 04 ; and ef, those in equilibrium with e'f —^mainly 
Na 2 S 04 , 10 H 20 . F. Chaussier observed that the aq. soln. has not an alkaline 
reaction-—wete mpra, thiosulphuric acid. C. F. Capaun, L. Bruner, and 
F. Parmentier measured the solubility of the pentahydrate in aloobld ; 
E, Bodtker obtained for 100 parts of absolute alcohol^ 2*6 xngrms* of the anhydrous 
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salt, and 3*4 mgrms. of the pentabiydrate—all at room temp.—100 grms. of alcohol 
of sp. 0*941 dissolves 33*3 grms. of the salt at 15*5°. L. Bruner found that the 
solubility of the surfused thiosulphate in alcohol is greater than that of the ordinary 
solid ; and F. Pannentier found that with absolute alcohol, the pentahydrate can¬ 
not be completely fused in sealed tubes, even at 100 °; with alcohol of 80° (hydro¬ 
meter), it melts at 41° and not at 47*9°; and with alcohol of 63°, at 33°. The salt, 
Buperfused in presence of alcohol of 80°, solidifies in the allotropic modification when 
cooled with a mixture of ice and salt, but the product melts at 28° instead of 32°. 
They found that, although the solubility of the pentahydrate is constant with the 
quantity of solvent (alcohol and water), the solubility of the superfused pentahydrate 
increases with the vol. of the solvent. The cone, of the alcohol above the superfused 



Fio. 120. — Equilibrium in the Ternary Fig. 121. — Equilibrium m the Ternary 
Sy8t<‘m : Na^S^Og Na 2 S 04 -H, 0 . System : Na^SgOj-Na^SO^ HjO. 

salt also varies, and a complex condition of equilibrium is set up between the alcohol, 
the water, and the anhydrous salt. J. L. Oasaseca found the pentahydrate to be 
insoluble in ethyl acetate ; and T. A. Edison, soluble in tarpentine. H. Bunte 
represented the reaction with ethyl bromide: Na 0 .S 02 .SNa-f C 2 H 5 Br 
-- NaO.SO 2 .S 02 H 6 d- NaBr ; and Na0.802.SC2H5 -f HoO-NaHSO^ + C 2 H 5 .SH. 
F. C. Calvert found that the presence of 75 ^ 0 ^^ sodium thiosulphate in 

albumen did not prevent the growth of protoplasmic life and fungi. A. Berthoud 
and W. Berger discussed the induction of the reaction between potassium nitrite 
and iodine by sodium thiosulphate. A. N. Kappanna studied the reaction 
with sodium bromoacetate. V. P. Radishchefi studied the ternary system 
Na^ACg-NaCl-HaO at 25°. 

Many of the general methods of preparation of sodima thiosulphate refer also 
to potassium thiosulphate, K 2 S 2 O 3 . £. Drechsel obtained the anhydrous thio¬ 
sulphate by the action of potassium hydrosulphide on the pyrosulphate in alcoholic 
soln.: KSH+K 2 S 207 =^KHS 04 +K 2 S 203 . J. J. Berzelius exposed alcoholic soln. 
of potassium di- or a higher sulphide to air in a loosely stoppered* bottle and washed 
with alcohol the crystals which are slowly deposited. E. Sidler heated to 120°-130° 
a dry mixture of potassium sulphite, and sulphur, or a mixture of potassium hydro- 
carbonate and hydrosulphite, and sulphur. F. Kessler, and 0. Dopping treated 
a hot soln. of potassium pentasulphide with a hot soln. of potassium dichromate 
added in small proportions at a time to allow the precipitate to acquire the 
characteristic green colour of chromic oxide: 2 K 2 S 5 -h 4 K 2 Cr 207 +H 20 

= 4 Cr 203 + 5 K 2 S 203 -f 2 K 0 H. G, S. KirchhofE boiled with water a mixture of 
sulphur with three times its weight of potassium carbonate, and eight of lime, 
renewing the water as it evaporated. The ^tered soln. was neutralized with sulphuric 
acid and evaporated tor crjrstallization—^the sulphate crystallized out first, then the 
thiosulphate. F. Kessler used a similar process, F. Kessler, C. F. Rammelsberg, 
A. Fock and K. KJiiss, and G. Wyrouboff obtained crystals of a trUahydrate, 
K 2 S 2 O 3 .JH 2 O-—C. F. Rammelsberg dried his salt for 24 hrs. in vacuo; 0. Dopping, 
of a moi^ydrate, K 2 S 2 O 3 .H 2 O—dried over cone, sulphuric acid-~-F. Kessler could 
not confirm this; F. Kessler, of a tritapentahydrate, K 282 O 3 .IIH 2 O ; 0. Dopping, 
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of a hemilrih/drate, K 2 S- 0 ‘j.ipL 0 ; and E. Mathieu Plessy, of a dihydrate, 
K 2 S 2 O 3 . 2 H 2 O. F. Kessler observed that the salt is freely soluble in water with 
the absorption of much heat. According to I. Jo, the solubility of potassium 
thiosulphate, expressed as S grms. of K 2 S 2 O 3 per 100 parts of water, is as follows : 

0" 17" 3G® 60" 66*1" 65“ 70“ 78 3“ 85" 90" 

-S . 96 1 150*5 202*4° 238*3° 234*5° 245*8 255*2 292-0 298*5 312*0 

V-^S'-V-' V-^^ 

SKjSaOj 5H^O KgS/la ll.O 3K,SjOa H^O KaSjOa 

The results are plotted in Fig. 122. They show that the tritapenta-, mono-, di- 
and trita-hydrates are capable of existence. The transitioil temperature for 
KoS 203 . 2 H 20 ^K 2 S 203 . 1 |H 20 is below 17^ that for 
K^oOa.lfH.O^KoSaOa.HsO is 35^• that for 
K 2 S 0 O 3 .H 20 ^X 282 Os-JH 2 O is 56*1®; and that for 
K 2 S 203 .JH 20 ~^ 2^208 is at 78*3®, so that the salt is 
anhydrous above 78*3®. 

The crystals of the tritahydrate are four-sided prisms 
or plates which, according to G. Wyrouboff, belong to 
the monoclinic system and have the axial ratios a : b :c 
=1*5510: 1 : 1*2^5 ; while A. Fock and K. Kliiss gave 
1*5517 : 1 : 1*2142, and j8=98® 40', 0. Dopping said that 
the monohydrate forms six-sided columns or needles , 
and A. Fock and K. Kliiss, that the tritapentahydrate 
furnishes heinimorphic, rhombic pyramids with the axial 
ratios a: b : c=0*8229 : 1 : 1*4372. G. W 3 nroubof! also 
examined these crystals; he also found the specific gravity 
of the tritahydrate to be 2*230, and the mol. vol. 87*8. 0. Dopping found that the 
monohydrate loses its water at 100®—more rapidly at 150®-!60® ; and a similar 
remark applies to the tritapentahydrate. F. Kessler showed that the crystals of 
the monohydrate are stable in air, t)ut they effloresce over sulphuric acid or at 40®. 
C. Pape found that the hydrated salt decomposes rapidly at 200® ; while the dehy- 
drat-ed salt is decomposed at 220® to 225®, without loss of weight, into a mixture of 
a mol. of the pentasulphide and 3 mols. of sulphate; if the salt is not completely 
dehydrated, some sulphur is also formed. C, F. Rammelsberg said that 
decomposition begins at about 400®, and at 470®, the reaction is: 4 K 2 S 2 O 3 
= 3 K 2804 +K 2 S 5 . L, N. Vauquelin also examined the action of heat on the salt. 
C. Pape gave 0*197 for the specific heat of the anhydrous salt between 20 ® 
and 100 ®. M. Bertheh^t gave for the heat ol formation» (K2,S2,30jf»8)=266*48 
Cals.; and —4*98 Cals, fox the heat ol solution of the salt, dried in vacuo, in 90 parts 
of water at 10®; an(^ —2*280 to —2*490 Cals, for the tritapentahydrate at 10®. 
F. Martin and L. Metz gave 283 Cals, for the heat of formation of K 2 S 2 O 3 . 
J. B. Austin discussed the heat of hydration. V. J. Sihvonen found maxima in the 
reflection ultra-red spectrum at 9*l/x, 10 *^, 15*^, and 19*5yi, C. Pape gave 8*39 for 
the rotary polarizji^tion of the crystals. 

6, S. Kirchhoff found that the salt is odourless, and has at first a cooling taste 
which afterwards becomes bitter. Though the salt is stable in air, G. S. Kirchhofi 
observed that if the soln. containing free alkali is exposed to air» it is converted 
into sulphite and sulphate. W. Spring showed that the salt is reduced by SOdlW- 
amalgam to sulphide; and H. Debus, that with a great excess of gnlphuroui a c i d 
no precipitation of sulphur occurs, but a yellow liquid is produced containing thio- 
sulphuric acid; if a smaller proportion of sulphurous acid is used, sulphur is 
precipitated, and tri-, tetra-, and penta-thionates are formed. F. Forster and 
R. Vogel prepared potesnum snlphuryltbiosralphate, K2[S208(S02)], and raUdinm 
sulphurylthiosulphate, Rb 2 [S 203 (S 02 )], by the action of liquid sulphur dioxide on 
the anhydrous thiosulphate at a low temp. The yellow solids with water give 
clear yellow soln.: [S208(S02)]"^S02+S203". G. S. Kirchhofi found that the 
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salt is insoluble in alcohol ; J. L. Casaaeca, that it is insoluble in ethyl ac<‘iate ; iuid 
E. Mathieu Plessy, that it is not decomposed by dil. acetic acid. S. Tvirehhofl' 
showed that the aq. soln. dissolves some metal OXides-— those of co])p(‘r, silv(‘r, 
mercury, and arsenic. For other reactions, vide thiosulphuric acid, ajid sodium 
thiosulphate. G. S. Forbes and co-workers studied the induction period in the 
reaction—clock reaction---between sodium thiosulphate and arsenite (q.c.); and 
M. Meyer, that in the reaction between the thiosulphate and potassium aiitim(»nit(‘ 
(q.v.), 

J. Meyer and H. Egg(*ling obtained rubidium thiosulphate, Rb 2 S 203 . 2 ll^.(>, 
from soln. of rubidium carbonate and barium thiosulphate. The crystals are hygi fi- 
sco[>ic, and freely Holubl(‘ in water. V. Chabrie obtained small needle-like crystals 
of caesium thiosulphate, (> 828203 , by boiling a mixture of equal ];)arts of flowers ot 
sulphur and cojsium sulphite in twice its weight of w^ater, for nearly an hour - 
re]»laciiig the volatilized water from time to time, and evaporating the filter<‘d 
liquid in vacuo or over sulphuric acid. The salt is freely soluble in water. J. Meyer 
and H. Eggeling obtained the dihydrate in hygroscopic, indefinite crystals from the 
soln. obtained by adding c.Tosium carbonate to one of barium thiosulphate. 

E. Schwicker found that when a cone. soln. of potassium hydrosulphite is sat. 
with sodium carbonate, and the product is treated with a freshly ])repared cone, 
soln. of ammonium pentasulphide until a permanent yellow coloration is pro¬ 
duced, the ammonia expelled by boiling, and the filtered soln. evaporated on a water- 
batb, transparent plates of SOdium potassium thiosulphate, SNa,S 02 . 0 K. 2 H 2 ^» 
are formed. The salt is freely soluble in water—213*7 per cent, being dissolved 
at 15*^. It melts at 57^, and when heated with an aq. soln. of ethyl bromide, it 
yields colourless crystals of potassium ethyl thiosulphate. By treating a cone. soln. 
of sodium hydrosulphit(', sat. in like manner with potassium carbonate, colourless 
plates of potassium sodium thiosulphate, SK.SO 2 .ONa. 2 H 2 O, melting at 62^ are 
produced. Water dissolves 105*3 per cent, of the salt at 15'^. When heated with 
an aq. soln. of ethyl bromide, sodium ethyl thiosulphate is formed which crystallizes 
from dil. alcohol in transparent needles which contain a mol. of water. C. Pap<* 
obtained potassium sodium chlorothiosulphate, K 2 S 203 .NaCl, from a soln. con¬ 
taining the component salts. 

J, F. W. HerscheU obtained a blue soln. of cuprous thiosulphate by treating a soln. 
of calcium thiosulphate with copper sulphate or carbonate. C. von Hauer gradually 
mixed a cold sat. soln. of sodium thiosulphate with a cone, soln, of copper 8 ulphat('. 
until the soln. is intensely yellow—rather less than a mol of CuSO^ is needed per 
mol of Na 2 S 203 ; when the soln. is allowed to stand, or warmed a little, crystals ar(‘ 
obtained which are washed successively with water, and alcohol, and dried over 
sulphuric acid. The composition corresponds with impure cuprous tetrahydrothio* 
sulphate, Cu 2 O. 3 S 2 O 2 . 2 H 2 O, or Cu 2 H 4 (S 203 ) 3 , If the yellow soln. be exposed to 
sunlight, or heated over 50°, it forms cupric sulphide ; if the precipitate be allowed 
to stand too long it may turn brown, C. and L Bhaduri said that the yellow soln. 
begins to darken at 35°~40°. The excess of cupric sulphate used forms a complex 
salt with the sodium salt. C. and I. Bhaduri, and G. Vortmann found that the 
product is always contaminated with sodium thiosulphate. C, and I. Bhaduri 
obtained the salt by heating cuprous hydroxide with a soln. of sodium thiosulphate. 
C, von Hauer found that the golden-yellow microscopic crystals is^hen heated out 
of contact with air furnish water, sulphur dioxide, and sulphuric acid ; a sublimate 
of sulphxir; and a residue of cupric sulphide. The thiosulphate is sparingly 
soluble in water; but it readily dissolves in soln. of ammonium chloride, and of 
sodium thiosulphate. C. von Hauer, and C. and I. Bhaduri showed that the soln. 
in sodium thiosulphak* soon decomposes, forming copper sulphide. The salt forms 
colourless liquids with ammonia and ammonium carbonate soln., and when exposed 
to air they become blue, while that in ammonia deposits a blue, crystalline salt. 
Nitric acid dissolves the salt, red fumes are evolved, and sulphur is deposited ; witli 
hydrochloric acid, sulphur is deposited and hydrogen sulphide is given oif. 

VOL. X. 2 M 
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G. Arthaud found that a mixed soln. of sodium tliiosulphate, copper sulphate, and 
tartaric acid decomposes urea quantitatively. 

A. Rosenheim and S, Steinhauser made yellow prisms of ammonium CUprous 
thiosulphate, (NH 4 ) 2 S 203 .Cu 2 S 203 . 2 H 20 , or (NIl 4 )CuS 203 .H 20 , from a soln. of 
a mol of cupric sulphate and 2 inols of ammonium thiosulphate, or from a soln. of 
the trithiosulphate and cupric sulphate. Also ammonium cuprous trithiosulphate, 
2 (NH 4 ) 2 S 203 .Cu 2 S 203 . 1 JH 20 , by mixing a cold, cone. soln. of cupric sulphate 
with ammonium thiosulphate until the liquid is yellow—~a mol of CUSO 4 requires 
3 or 4 raols of (NH 4 ) 2 S 203 . If too much ammonium salt is used, evaporation 
in the desiccator colours the soln, brown. The white needles are washed with cold 
water, alcohol, and ether, and dried on a porous tile. The salt is readily dissolved 
by water, but is insoluble in alcohol; it slowly gives off ammonia ; and is decom¬ 
posed by exposure to air or by heat forming copper sulphide. H. Bassett 
and R. G. Durrant reported ammonium cuprous pentathiosulphate; 
2 Cu 2 S 203 . 3 (NH 4 )oS 203 .H 20 , to be formed from cone. soln. of copper nitrate and 
ammonium thiosulphate. A. PVrratiui found that hydrazine CUprous thio¬ 
sulphate, (N 2 H 4 ) 2 H 2 S 203 .Cu 2 S: .O3.IJH2O, can be prepared from cuprous chloride 
and hydrazine thiosulphate ; the salt does not melt when heated up to 250’^. 
J. Meyer and H. Eggeling mixed soln. of cupric sulphate and of lithium CUprous 
thiosulphate, and found that the soln. is first decolorized, and then coloured green 
and finally yellow. It is assumed that an unstable soln. of lithium thiosulphate 
is formed, but the salt cannot be isolated: it decomposes in the cold, forming copper 
sulphide and sulphate, lithium sulphate, and sulphur dioxide. Only decomposition 
products are obtained by evaporating in vacuo over sulphuric acid, a sat. soln. of 
cuprous iodide in a cone. soln. of lithium thiosulphate. 

A soln. of copper sulphate is decolorized by sodium thiosulphate, for the soln. 
becomes successively brown, green, yellowish-green, and yellow. It is supposed 
that a complex SOdium CUprous thicMnilphate is formed. If an acid be present, 
cuprous sulphide is formed ; and if the soln. be boiled, cupric sulphide. If a 
mixture of the two salts be heated in a sealed tube, at 140''-200°, J. T. Norton 
observed that cuprous and cupric sulphides, and sulphur are produced. In the 
presence of air, the soln. of sodium cuprous thiosulphate slowly decomposes with 
the formation of sodium tetrathionate and hydrated cuprous oxide, but in the 
presence of sulphuric acid, the precipitation of the copper proceeds more slowly, 
for the hydrated cuprous oxide dissolves so long as any free acid is present. In 
the jiresence of air, the hydrated cuprous oxide is oxidized to the cupric state which 
does not dissolve in the soln. The addition of calcium or sodium hydroxides to the 
soln. may precipitate hydrated cuprous oxide, but this passes into soln. on adding 
~ more sodium thiosulphate ; the addition of sodium carbonate has no action below 
30°, but at that temp., cuprous carbonate is precipitated, and it too dissolves on 
adding more sodium thiosulphate. The reaction between sodium thiosulphate 
and soln. of copper salts was studied by A. Bernthsen, H. Bollenbach, E. Crouzel, 
F. J, Faktor, J. de Girard, C, Himly, J. Meyer, H. Bose, P. Schtitzenberger and 
C. Risler, G. Vortmann, and J. W. Westmoreland. The application of tKe reaction 
between copper salts and^sodium thiosulphate to analytical work was examined 
by A. Carnot, E. Fleischer, J. de Girard, C. Himly, H. Nissenson and B. Neumann, 
A. L, Orlowsky, H. Vohl, G. Vortmann, and M. Willenz. Among the by-products 
of the re^tion, F, Keseel noted sulphites ; F. Kessel, C. F, Rammelsberg, J. J. von 
Renesse, M. Sievert, G. Vortmann, and E. ZJettnoff, tetrathionates ; and M. Sievert, 
sulphuric acid. A freshly prepared soln. of sodium cuprous thiosulphate--obtained 
by mixing sola, of sodium thiosulphate and copper sulphate—is employed in the 
extraction of gold and silver from sulphide ores—-either simple or in combination 
with arsenic and antimony sulphides. It can also be used with ores containing 
metallic silver. The soln. of silver is treated with sodium sulphide and the pre¬ 
cipitated sulphide is worked for silver and copptjr sulphides. A soln, of sodium 
cuprous thiosulphate can be obtained which will dissolve silver nine times as rapidly 
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as a soln. of ordinary sodium thiosulphate ; on the other haiul, silver ( hloride is 
dissolved more slowly by the sodium copper thiosulphate*. Gold is not dissolved 
by the sodium cuprous thiosulphate soln. any morf3 rapidly than a soln. of ordiiiarv 
sodium thiosulphate. A soln. of calcium thiosulphate is not so good for the purpose 
because if lead is present, it is precipitated by the addition of sodium carbonate*, 
and with calcium thiosulphate, calcium carbonate would also be ])n'ci]>iiated 
The enhanced solvent power of sodium cuprous thiosulphate is attributed to the 
greater solvent power of the copper salt for oxygen which is carrit^d to the silver. 
Silver sulphide is rajudly decom})Osed by the soln. with the preci]jitation of copper 
sulphide and the dissolution of the silver, C. and I. Bhadmi found that (uiprous 
oxide dissolves in sodium thiosulphate when gently warmed according to th(* 
equation 0 u 20 -l“H 20 +Na 2 S 203 — 2 Na 0 H-;-(yU 2 S 203 . The copper thiosuljdiatc is 
lield in soln. by an excess of sodium thiosulphate. Under ordinary conditions, 
this soln. is very unstable, and quickly deposits copper sulphidi*. 

Numerous complexes of sodium and cuprous thiosulphates Jiavi* been isolated, 
but, as emphasized by A. Rosenheim and S. Steinhiiuser, and by W. Muthmann 
and L. Stiitzel, it is not clear if complex salts are form(*d, or if isornorphinis mixtures, 
whoso composition depends on the temp, and cone, of the soln., are involved. The 
salts arc not very soluble, and readily decompose in soln. G. Sambamiirty studied 
the period of induction in the formation of cuprous sulphide from sodium 
cuprous thioHulphatt*. J. de Girard rf‘port^d sodium CUprous pentathiosulphate, 
2 Na 2 S 203 . 3 Cu 2 S 203 , to be form(*d by the action of cold soln. with 8 mols of sodium 
thio 8 ul})hate, and (i mols of copper sulphate. Tin* pentahydmte was <d>tain(‘d by 
(/. Lenz by mixing a soln. of sodium thiosul[)liat(* with an excess of cojqx'r siilpliate, 
filtering rapidly, washing with dil. acetic acid, and drying in vacuo over sulphunc 
acid ; E, (Vouzel precipitated the salt from its soln. by adding alcohol. (' i\ Stete- 
feldt, and E. H. Russell observed that some suljiliuric acid is fornu'd during the 
reaction. (L Vortmaun made the salt by washing the octohydrab* with water 
and alcohol, and drying in a desiccator. H. Bassidt and R. G. Durrant said that 
tli <3 salt is the hexahydrate. G. Vortmann obtained lemon-yellow crystals of the 
octohydraie from a soln. of 1-2*5 mols of cupric suljihate, and 2 mols of sodium 
thiosulphate kept at about 40°. The salt is filtered from the* warm soln., washed 
with water, and dried in air. J. de Girard obtained it in a similar way at 45°. 
C, Lenz said that the pentabydrate is sparingly soluble in water ; and E. 11. Russell, 
that 1(X) parts of water dissolve 0*284 part of salt. The aq. soln. is stable uji to 
85°. C. Lenz found that cold hydrochloric acid gives a white precipitate without 
evolution of sulphur dioxide, but with the hot acid, sulphur dioxide, cuprii* sulphide, 
and a cuprous salt are formed ; cone, sulphuric acid decomjK>se 8 the salt; warm 
dil. sulphuric acid gives sulphur dioxide and cupric oxide ; aq. ammonia forms a 
yellowish-brown soln. which becomes blue in air. The salt is insoluble in alcohol, 
and alcohol precipitates from the aq. soln. a salt soluble in water. The salt is freely 
soluble in a soln. of sodium thiosulphate; and E. H. Russell found that 100 c.c. of 
5, 7*5, and 10 j>er cent. soln. of the sodium thiosulphate dissolve respectively 12*28, 
17*46, and 22*54 grms. of the complex salt. E. H. Russell also found that silver 
sulphide decom|x) 8 es the salt precipitating cupric sulphide ; and that silver chloride 
dissolves more slowly than in a soln. of sodium thiosulphate alone. E. Crouzel 
obtained a chocolate-brown precipitate with potassium ferrocyanide—the juecipitate 
is grey with sodium thiosulphate alone. ‘ H. Bassett and R. G. Durrant added that 
cupric salts are reduced at once to the cuprous state on adding excess 
of sodium thiosulphate; from normal or more cone, soln., the yellow salt, 
3 Cu 2 S 2 O 3 . 2 Na 2 S 2 O 3 . 6 H 2 O, crystallize^ out rapidly. Sodium tetrathionate is 
simultaneously produced. When copper nitrate is usexl, pure specimens of the 
y<*lIow salt are obtained. With cop(>er sulphate, the yellow salt contains 
3 Cu 2 SO 4 . 2 Na 2 BO 4 . 6 H 2 O in solid soln. With copper chloride, the yellow salt soon 
gWm place to the wdiitc salt, Cu 2 S 2 O 3 .Na 2 S 2 O 3 .H 2 O {vide infra), which invariably 
contains Cu 2 Cl 2 . 2 NaCl.H 2 O in solid sola. The yellow salt in this case was found 
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io a mixture containing sonic of the white salt. The pure yellow salt is quite 
stable if kept dry and prepar'd pcrbadly free from adhering tetrathionate. When 
strongly heated, it yields ciqjrous sulphide and sodium sulphate, whilst sulphur, 
sulphur dioxide, and water luo <‘Xf)(‘llcd. P. Jochum made hexahydrateii SO^um 
cuprous decathiosulphate, lNa2S^03.5(*ii2S.203.6H20, by treating sodium 
cu}>rous trit]ii(<sulphat(i witii a sola, of sodium thiosulphate ; and the octohydrate, 
bv adiling a (old, sal. solu. of sodium tluosulphatt' to a cold, (‘onc. soln. of copper 
sidpliatc until a green colour appears; A. Benrath obtained the enneahydrate : 
and A, Kos('nhcim and S. Steinhauscr, th(‘ hvmihvptadecahydrate, by mixing soln. 

the conipouerit salts in theoretical ])ruportions. P. Jochum prepared motto- 
hydrated sodium cuprous dithiosulphate.NaoS-.C >3.Cu2S203.H20, or Na0uS2O3.Ul2O, 
as a yellow, amorphous mass, from soln. of sodium thiosulphate and cuprous chloride 
as fre(‘ as possible from acid : H. Bassett and R. G. Durrant said that the salt is 
luonohvdrated- vide $\iprn. E. H. Russell, and P. A. Stetefeldt prepared the 
(Ijhydrate, bv the action of soln. of 2 parts of sodium thiosulphate and one part 
of (‘o])p('r sulphate Some penta- and tri-thionates an* formed at the same tiim*. 
.V. Jh^senheini and S. Stiunhamser obtained the same hydrate by adding sodium 
thiosulphate to a cone. s<.)ln of copjXT sulphate until it is decolorized, and then 
adding cop]HT Mil})liat(‘ until the liquid is yellow. The salt is insoluble in water, 
and in alcohol. G. and 1 . Bhaduri made the hemiyentahydrate by mixing cone, 
solu. of sodium tliiosul[>hate and copper sulphat-e or acetate in tin* molar proportion 
2:1, adding a large excess of acetic acid, and w^asbing the yellowish-white pre- 
(ipitat<' with dil alcohol G Vortmann. and J. de Girard reported the trihydrate 
to be formed ])V mixing ((»ld soln of a mol (’^f copper sulphate (I : 2 - 5 ) and 2 mols 
of vsodmin thio.sulphate (2 : 2 ) at the ordinary tenif). A 
great rnanv x'opjier salts with copper thiosulphate hav(‘ 
been re])orte(i, but it is highly probable* that many of tlnmi 
are solid soln A, Benrath found that the composition of 
the solid {)hase in soln. of the two salts varies with the 
amount of the sodium salt in soln. The results are shown 
in Eig. 123 , and the break in the curve corresponds with 
sodium cuprous ditiuosulphate, Na2S2O3.Cu2S2O3.2H2O; or 
CuNaS203.H20, or Na2[0u2(S2O3.H2O)21, and it forms an 
indefinite number of solid soln. with sodium thiosul- 
jihate, and it is miscible with cuprous thiosulphate up to the formation of 
4Na2S203 5Cn2S203.9H20. Gas(‘ou8 ammonia converts the salt Na2S203.Cu2S203. 
2H2O into sodium cuprous diammiiiodithiosulphatey Na2S208,Cu2S203.2NH3. 
G. Bhaduri passed acetylene into a soln. of sodium thiosulphate and copper acetate 
and obtained a red precipitate of sodium cuprous acetylidothiosulphate, 
r)Na2S203.5Cu2H203.r)Cu2C2.02^2-1^^1120. This product dissolves in water, but 

Tnay he washed with alcohol. It forms a brick-red powder, which burns like gun¬ 
powder when heated. It decomposes slowly at 33 ®, or in ten hours on the water- 
bath. The red soln. is decolorized by acids; the colour is restored on adding 
alkali immediately, but not after a short time. Alkalies, except ammonia, pre¬ 
cipitate* a brown explosive substance. 

C. and J. Hhadun mado yeUow crystals of sodium ouprous dodooathlosulphate, 
oNajSjOj.TCujSgfb.lCHjO, by mixing sat. soln. of copper sulphate this and sodium thiosul- 
j>hate in the molar proportion 1: 2, and at 20°—34"^, and by mixing soln. of copper acotato 
and sodium thiosulpfiato ui almost any proportion. A. Rosenheim and 8. 8tein- 
hauser made yellow crystals of hexahydraied Sodlum CUprottS heptfttllfosillphate, 
3 Na,Si 0 j. 4 Cu^S 203 . 6 Ha 0 , from a yellow soln. obtained by adding sodium thiosulphate to 
a cone. soln. of copper sulphate ; and (;. and L Bhaduri, the enveahydratet by mixing 
sat. soln. of the^ coin|M>nent salts at 50°“60°. O. Vortmann reported sodium eupfOttS 
trithiosuiphale, 2Na2Sj08.Cuj820T.4JH20, to be formed by adding the calculated quantity 
< >f .sodium tfuf>Hulphate to a soln. of the pentathiosulphate ; he similarly obtained dihtfdraictl 
sodium cuprous totrathiosulphato, 3Na283,08.Cu5S20a.2H20, and tlie same salt was reported 
)fy C, Lenz^ and C. F. Kamrnolsberg ; and P. Jochum reported the kexahydrate to be formed 
by adding al<*ohol to the colourless soln, obtained by mixing soln. of the com- 
l>onent salts. J\ .Jochum also reported dihydrated sodium CUprous eimoathlosulphato. 
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7Naj,SPa.2Cu2S^Oj.2}l2(), by adding sodium tliiusulphate to a soUi. of tho ditldosulpbato 
in one of sodium sulpliato until tho liquid is colourless; if alcohol ho added, tho 
(Mecahvdrnte is formed. V. Kessol said tliat sodium cuprous pentatWosulpnaie, 
•lNa 28263 .Cu^S 2 (>vi>H 2 (.), is forniod by mixing a sola, of sodium tliK^sulpliato witli an ex( <*sb 
of copper BuliiJiate or acotait' at —Jh''. G. Vortmann also pn*pared ihi'. salt by adding tlK' 
calculated quantity of sodium tliiosulpiiate to a soln. oi the pentat}iiu,'^iil}»h<ite. 

O. L. Shinn n ported ammonium sodium cuprous hexamminoctothiosulphate, 

(NH4).Si,03.4Na.So03.3CuMSJU.r)NH3, in blue, Kdragonai crystals, by adding a 
(;onc. aq. soln. of sodium thiosulphaic to an aminoiiiacal soln. of a (‘o])per salt, <>i 
to an amiuoniacal soln. of cuprous oxide. When dry the salt is fairly stable in air, 
but it rapidly oxidizes when moist, and is partly decomposed by water. According 
to A. Rosenheim and S. Steinhauser, the halide sabs of the first group of the periodn 
system arc alone e.apable of forming complex salts with the alkali or aimuoniuni 
thiosulphates which are analogous to the cora]»iex salts of potassium iodide aiei 
ethyl sulphonates of the type RI.4{02H5)K803. They are said to be true euni- 
pounds, and they can be re-crystallized from water without dei*omj)osition. 1 }i(\\ 
are made by saturating a soln. of ammonium thiosuljiliate with silver or cuj>rous 
halide, and concentrating the soln. over sulphuric acid in vacuo. ^ With cuproub 
chloride, ammonium cuprous dichlorotetrathiosulphate, NPl4Clo.4(NH4)2S20;vt ut 1. 
is fornu'd in tetragonal crystals with the axial ratio a : c=l : 0T)‘U77 ; with cuproub 
bromide, ammonium cuprous dibromotetrathiosulphate,, NH4Bro.4(NHdil^>U.{. 
(hiBr, in tetragonal crystals with a : c=^l : 0'fi3828; ammonium CUprous dithlOCya- 
natototrasulphate, NH4CyS.4(NH4)2S203.CuCyS. W^ith cuprous iodide, ammonium 
cuprous diiodotetrathiosulphate» NH4fo 4(^^4)38203 Cul, in tdragonal <iysials 
with the axial ratio a : c-I : 0*6341. E. Brun also priqiannl this eom}>oiiiul by 
mixing a large excess of a 30 per cent. solo, of ammuniuin thiosul])hat(‘ with 
powdered cuprous iodide, or a soln. of it in ammonium iodide. 1 he salt is stabli* 
at ordinary temp., decomposes slowly at 100'^, and at higher temp, gives off sulphur 
and its dioxide, iodine, and ammonia. A soln. of the salt decolurizivs iodine with 
the precipitation of cuprous iodide ; and when boiled with water it- is decomposed 
with the deposition of cuprous sulphide. E. Brun also reported that if a smaller 
])roportiou of ammonium thiosulphate is used, the salt 7(NU4)28203.t U2S2O3. 
8CUI.4H2O, or ammonium tetraiodothiosulphate, {NH4)7(S203)4.4Uul.2}l20, is 
formed in yellow needles ; and if an excess of sodium thiosulpliatc is avoided, 
ammonium diiodothiosulphate, (NH4)2S203.2CuI.H20, is formed in insolnlile yellow 
needles. A. Rosenheim and S. Steinhiiuser could not verify th(‘ existenc<‘ of these 
two compounds, but they obtained ammonium ewprous cyanidoihiosulphatc and 
thiocyanatothiosulphate analogous to the corresponding halides, (f. Canneri and 
R, Luchini prepared a series of complex salts by dissolving in fused sodium thio' 
sulphate freshly prepared cuprous halides, or thiocyanate. They form whiti' 
crystals not affected by light, and give clear, colourless, aq. soln. Thes(‘ eom- 
jiounds are sodium cuprous duoropentathiosulphate, CuClbNa^SoOg, or 
Naio[ClCu(a>03)5]; sodium cuprous bromopentathiosulpbate, ( uBr.r>Nao8203, or 
Naio[BrCu(^08)5]; sodium cuprous bromodecathiosulphate, ( uBr.CuoS.O^. 
bNa2S203, or Ou2Nai8[BrCu(S203)3o]; sodium cuprous iodobromopentathio- 
solphate, CuBr.5Na2S2Os.NaI. or CuNan[IBrCu(S203)5]; and sodium cuprous 
dithiocyanatopentatUosulphate» 2CuCyS.5Na2S203, or CuNaio[(Cy8)o(S203)5]. The 
co-ordination formulas, added G. Canneri and R. Luchini, cannot, however, be 
supported by experimental data other than the colour of the salts, this indicating 
that the cuprous ion forms part of a complex radicle constituted of groupings 
in such condition that they exhibit increased resistance to react with their speciiic 
reagents. Water has a dissociating action on these complex comiiounds. 

A. Rosenheim and S. Steinhaiiser reported that sodium cuprous dichlorotrithiosulphafe, 
2Naj8,0j.Cu4Ss05i.2CuCl, is produced aa a white crystalline precipitate, by the acUoii ot 
coxic* aq. soln. of 2 mols of sodium thiosulphate on 4 mols of cuprous chloride ; C, and 

1. BhSuri, sodium cuprous octoehlorotetradecathiosulphato, 5Na.S20a.9(.’u^820,.8NaU, 
as a white pulverulent mass, bv tho action of a sat. soln. of sodium thiosulphate on 

one of oaprio chlorids; md M. Biewert, sodium cuprous totrocbloropentouiiosulphoto, 
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2 Nn,S3(^11 S Oj.lNad.vSlT^O. as a wliitt' niiiorplKnis niasa, by the action of n BO(Uum 
t soln. on sodium cuprous ( hloridc. F. Kcsscl made sodium CUproUS dithlo- 

sulphatosulphide, Na,s,.(),,('u .S,()i.('uS. 4 H_.(), from a cold soln. of sodium tliiosulpbab* 
and an i^vcoss t>f copper sulpimtt' or acetate, kept at about 0 ° for some time. The salt 
u ns also studied by C. Ia>n/, M. Si('vvert, J. d. van J<enesse, C. and I. Bhaduri. and H. I’tdtzcr. 
By dissoJvinjT the comj)K‘x salt in iivdrochlonc ar id, and addinp; alcohol, F. Kessel obtained 
sodium cuprous dithiosulphatodisuiphide, Na.S.(),.Fu>8,(.>3.20118 ; and if the soln. in t one, 
hydrochloric aci<l b<? dn<‘d in a de.sit eator at O ’, a dark brown SOdium CUprOUS chlorodithio- 
SUlphatOSUlphide is formed. B. dochinn ohtainc'd yellow ncedh's of SOdium CUprous 
disuiphatoctothiosulphate, ;b\n .S ()j..'»C’u by addin" a cold, cone, 

soln. of s(»dnun thiosulphate to a cone. soln. of <-opj)er sulphate until a yellow colour is 
develojied, and allowintj: the liquid to staml for 24 hrs. K. Brun reported potassium and 
sod HUH iodoth losidjdiatas (an he formed analocious to the ammonium salts. 

W. Muthnnxnn and 1.. Stut/ei oblamed (‘vidence of tin' formation of potassium 
cupric thiosulphate, K_;S.,0.{ ('uS-.O^, or Fn(K 8 ^ 03 ) 2 , niixin^ NoJn. of cupric 
siil])}iate and jiotassiinn tliio^nlphate : when tlu‘ blue colour is chan^(‘d to ytdlow, 
the soln. furnishes shnuhT, colourh'ss needles, whif'h b('coin(‘ brown if allowed to 
remain in contact witli th(‘ rm>therdiquid a b*w days. It is probable that this 
salt is th(‘ same as tin* FiioS.jO.^.lMvvS^Oj, ])repared by J. B. (‘ohoii ; and that th(‘ 
lattiT is riuliy cu])nc salt. Soda-lye produces a very faint turbidity in th(* aep 
soln., whilst the solid substaiic(\ on digestion wdth this reagmit, yields black copfier 
oxide ; potassium ferrocyaiiide j^ives the characteristic reddish-brown ciii>ric 
ferroc'vanidi*. and hvdroetui sulphide produces colloidal cupric suljdiide. wdneh is 
pr(H‘ij>itatr'd by acids and neutral salts. (\ F. Hamimdsberg prepan*d potassium 
cuprous dithiosulphate, K.^So0a.Fu2S203.2H20, in yellow crystals, by allowing 
a gnam soln. of polassinm thiosulphate and (‘opper sul])hate or acetate to stand 
for a few' days. A. Rosenheim and S. Sbunhauser also made this salt ; and 
B. Hornig obtaimal it by leaving a mixtun* of potassium trithionate and a cold, 
sat. soln. of copper acedate in th(‘ dark for several days. Tb(‘ crystals b<‘Come 
browm in air, and winui luxated become' black owing to the' fe^riuation of cujiric 
sulphide and peitassium suljihate free from tlie si]l]>hid(‘. The salt is insoluble 
or ve*rv sparingly soluble' in water; and the aq. soln. decornpose's into sulphur 
dioxide, eiijiric oxide' and pedasvsiurn suljihate wlien boiled ; hot alkali-lye forms 
cuprous hydroxide' and alkali thiosulphate ; the soln. in ])otassium thiosul])hat(‘ 
furnishe's white- ne-edles of potassium cuprous trithiosulphate» 2K2S0O3.FU282O3. 
Tills salt was also ])n*parevl by J. B. Toben from one^ part of a soln. of cupric suljihate 
to rathe'r i<‘ss than 4 parts of }>otassium thiosulphate in a hot sat. soln. Tlu' 
crystals are washed with a little cold w'ater. and dried in air. W. Muthmann and 
L. 8tutz(‘l mixed soln. of 80 grms. of potassium thiosulphate, and 20 grins, of cupric 
sulphate diluted to a litre', and allowed to stand 24 hrs. ; the crystals were dried 
over sulphuric acid. A. Rosenheim and 8. Steinhauser obtained the salt from a 
mixture' of a mol of copper sulphate and 4 mols of potassium thiosulphate. 
J. B. Cohe'n. W. Muthmanii and L. Stiitzel, and A. Rosenheim and 8. Steinhauser 
re^'ported a dihydrale; A. Rosenheim and S. Steinhauser, and W. Muthmann and 

L. Stutzel, a trihifdrnte; and W. Muthmann and 
T ] T1 8tutzel, a tetTahydrate -^kle infra, potassium cupric 
1 I ~ thiocyanate. The* anhydrous salt does not change its 
^ at 10(F- 110'*, and suffers no loss in weight; at 

I 0 I 120"’, J. B. Cohen Haid that some sulphur dioxkb* is 

^ ^ 0 given off. The salt is frec'ly soluble in water. The aq. 

soln. remains clear and c'olourless wdien soda-lye is 

^Cuprlut TlfiSSe iu salt is quicWy blackened by cone. 

Solutions of Potassium soda-lye; it is coloured blue in a few minutes by 
Thiosulphate. ammonia; deep brown by hydrogen sulphide ; and 

reddish-brown by potassium ferrocyanide. It is in¬ 
soluble in an a((. soln. of potassium thiosulphate; and it is turned brown after 
2 or 3 days’ contact with this menstruum. A. Bonrath examined the mutual 
solubility of cuprous and sodium tliiosulpjiates in water at 15®, and 36®. Tluj 



SULPHUR 


535 


results an* illustrat(*d by Fig. 124. They found that dihydrated potassium cuprous 
dithiosulphatc, K 2 [ 0 u 2 (S 2 O;i.Il 2 O) 2 ], app(‘ars as an unstable gr«‘enish-ye]low salt 
at 15^ but not afc 35". There is also formed yellow trihydrat(*(i ]>ota 88 iuni cu])rou 8 
trithio 8 ulphat(*, K 210112 ( 8203 .and white anhydrous ])otaH 8 iiim cuprous 
trithiosiilphate, K 4 [Gu 2 ( 8203 ) 3 ]. Gaseous ammonia converts it into potassium 
cuprous amminotiithiosuiphate, 2K2S2O3.Cu282O3.NH3. When alcohol is add(‘d 
to the aq. soln., J. B. Cohen said that potassium cuprous tetrathiosulphate, 
3 K 2 S 2 O 3 .CU 282 O 3 3 H 2 O, is formed. This salt was obtained by C. F. Rammelsb(*rg 
by adding alcohol to a sat. soln. of the dithiosulphate, and allowing the oily iire- 
cipitate to crystallize. It is more soluble than the dithiosulphate. A. Rosenb^'im 
and 8 . Steinhauser, and W. Muthmann and L. Stiitzel, doubt the chemical in¬ 
dividuality of this salt. 

J. Miyer and H. Eggeling obtained rubidium cuprous dithiosulphate, 

Rb 28203 .(hi 28203 . 2 H 20 , from soln. of equimolar parts of the component salts ; 
the precipitate is wa 8 h(‘d with cold water. The yellow crystalline powder is very 
unstable ; and with warm water, cupric sulphide separates out. They also obtained 
caesium cuprous dithiosulphate, (^ 828203 . 0028203 . 2 H 2 O, from a soln. of one mol 
of copper sulphat<* and 3 mols of caisium thiosulphatt*. With the molar proportions 
1 ^ 1)28203 ami CU 8 O 4 , ^ • C Mayer and H. Eggeling obtained rubidium CUprous 
trithios^phates, 2 Rb 28203 .(^U 28203 . 2 H 20 ; and with the proportions 3 :1, rubidium 
cuprous tetrathiosulphate, 3Rb282O3.Cu2S2O3.2H2O. 

The brown c(»lour which is first developed when cold soln. of sodium thio- 
sulfihate and copper sulphate are mixed is supposed by (4. Vortmann, J. Meyer 
and H. Eggeling, and P. Joehum to be produced by a very unstable cupric thio¬ 
sulphate, C 1182 O 3 . The reducing action on the cupric salt of the thiosulphate 
jjrevents the formation of cupric thiosulphate in aq. media. The cupric salt, 
however, is stabilized by ammination. F. Pudschies obtained dark blue needles 
of cupric tetramminotMosulphate, CuS 203 . 4 Nil 3 , by mixing a soln. of cojiper 
acetate in cone. aq. ammonia with sodium thiosulphate, and dark blue cubes by 
precipitation with alcohol from dil. soln. At 25^^, 1(X) parts of water dissolve 21*79 
])arts of salt. Thi* mol. electrical conductivities of soln. with a mol of the salt in 
4*(X)6, 8*012, and 16*024 litres are respectively 27*7, 24*3, and 40*9. P. Pudschies 
also measured the partition of ammonia between an aq. soln. of this salt and chloro¬ 
form. W. Schutte prepared violet needles of sodium cuprosic tetrammindtctra- 
thiosulphate, 2 Na 2 S 203 Cu 2 S 203 ,('uS 203 . 4 NH 3 , by adding a cone. soln. of sodium 
thiosulphate* to a warm soln, of a cupric salt, or of cuprous chloride. The salt 
was also prepared by H. Peltzer, and M. Siewert; while the dihydrate was obtained 
by P. Pudschies. The deep blue salt represented by K. Bhaduri as a trithionate 
was shown by A. Ben rath to be sodium cuprosic pentamminotetrathiosolphate. 

He said that the deep blue colour makes it unlikely to be solely a cuprous salt. 
It is con 8 id(*red to be the salt previously made by several workers from sodium 
thiosulphate and an ammoniacal copper salt soln. The ratio Cu‘ : Cu" is 2 : 1 . 
All the sulphur is in the thiosulphate complex; and there are probably five NH 3 
mols. present. The cupric atom is considered to be the central atom of the complex. 
It has not been found possible to prepare analogous compounds with potassium 
thiosulphate in place of sodium, or with ethylamine or pyridine in/place of ammonia. 
Ethylenediamine gives a violet salt, copper heiuitrisethylenediaininothiosnlphate, 
2 CuS 203 . 3 (/ 2 H 4 (NH 2 ) 2 -^H 20 > which the whole of the copper is in the cupric 
condition. G. T. Morgan and F. H. Burstall prepared copper bisethylenediamino- 
thioiolphate, fC^u en 2 ] 1 ^ 03 , by double decomposition between barium thiosulphate 
and copper bisethylenediaminosulphate. The complex thiosulphate remained 
unchanged in air, but on heating it decomposed without melting at 
The stable purplish-blue soln. in water became blue on addition of an aq. soln. of 
sodium hydroxide, whereas a warm alcoholic soln. of soda precipitated cupric 
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< 3 xide. Silver nitrate gave a white precipitate, blackening rapidly even in the 
cold. Sulphuric and hydrochloric acids discharged the purplish-bliu' (‘olour of the 
solu., in the former case with the formation of a brown precipitate. D. W. Horn and 

E. Crawford prepared cuprosic amminosulphotlliosulphate, CuioSjsOjg.yNHa, 
or GCuS 2 O 3 .Cu 2 S.CuS. 9 NH 3 , by mixing a soln. (sp. gr. 1*26 at 2 R) of sodium thio¬ 
sulphate in cone. aq. ammonia, with a solu. of cupric chloride. Th(‘ bliit; crystals 
of the salt are stable. 

According to J. E. W. Herschel: 

If a soln, of silver nitrate be dropj)etl into a <hl. soln. of potassium hyposulphate, the 
3\hite turbidity at iii-st produced disappears on agitation ; as the quantity of silver ^It 
added to the soln. increases, grey tlakes aro produced, and the eup^Tiiatant liquor acquires 
ii 8W€>ot taste owing to tlio presence of the dissolved silver hyposulphate. The silver is 
not proeipiiated from the soln by sodium chloride, but it does give a precipitate with 
hydrogen sulphide. If more silver nitrate bo added, the precipitate turns brown, and it 
afterw^ards converted into black silver sulphide, and the supernatant liquor no longer 
tastes sw^eet, and it gives a precipitate with sodium chloride. On the other liand, if the 
soln. of potassium hyposulphate bo added at once to the quantity of silver nitrate sobi. 
required for its decomposition, the precipitate which is white at first passes suecesaivolv 
through pale ydlow, greemsh yellow, yellowish-brown, reddish-brown, and to brownish- 
hlaek—the colour of silver sulphide. A soln. containing only ont^ part of hyposulphate in 
h7,S00 parts of water assumes a brown tint in a few minutes after* being mixed with the 
soln. of silver nitrate. 

J. E. W. Herschel, and H. Rose prepared silver thiosulphate, Ag 2 S 203 , by adding 
a dil. soln. of silver nitrate to an excess of sodium thiosulphate, and washing the 
grey mixture of silver thiosuljihato and sulphide with cold water. The thiosulphate 
was extracted with aq. ammonia, and the soln. just neutralized with nitric acid. 
The precipitate was dried as rapidly as possible by press. The snow-white powder 
is sparing!}’' soluble in water. As shown by H. Rose, it readily decomposes : 
Ag 2 S 203 "=Ag 2 S”|-S 03 . According to J. Fogh, the thermal value of this reaction 
is 20 Cals. ; and the heat of formation of Ag 2 S 203 from AgNOs and Na 2 B 2()3 is 
2*6 Cals. Hence the tendency of the newly formed silver thiosulphate to decorm 
]) 0 se. The reaction Ag^S 2 O 3 -} H 20 '^Ag 2 S-j-H 2 S 04 was found by J. Bodnar to 
be quantitative. The salt is soluble in aq. ammonia, and in soln. of the alkali 
thiosulphates. According to J. F. W. Herschel, anunonium silver trithiosulphate, 
2 (NH 4 ) 2 S 203 . Ag 2 B 203 , is precipitated when alcohol is added to a soln. of silver chloride 
ill one of ammonium thiosulphate; the white product is dried in vac uo. If the 
mother-liquor be evaporated, the same salt is obtained in six-sided prisms with a 
taste sweet enough perceptibly to flavour 32,000 times its weight of water. It is 
freely soluble in water. When heated, 100 parts of salt yield 40-62 parts of silver 
sulphide. If more silver cliloride be added to a soln. of ammonium thiosulphate than 
it is capable of dissolving, the white crystals of ammonium silver thiosulphate, 
(NH 4 ) 2 S 203 A-g 2 S 203 , 01 NH 4 AgS 203 , are produced. The salt is dried in vacuo. 
It is insoluble in water, and it turns black when kept in closed vessels, or when heated, 
giving of! sulphur dioxide, and forming silver sulphide. The salt is soluble in aq. 
ammonia, and is reprecipitated by the addition of acids even if the soln. be very 
dilute. A. Rosenheim could never obtain a product of constant composition in the 
attempt to prepare the two compounds reported by J. F. W. Herschel; but a series 
of mixed salts— vide infra —was obtained, A. Rosenheim and G. Trewendt added 
a soln. of silver nitrate to an ice-cold soln. of alkali thiosulphate, and found that 
8 ]>aringly soluble salts separate out, whilst soluble salts require the addition 
of alcohol for precipitation. Thus, the salt NH 4 AgS 208 is sparingly soluble, 
but ammonium silver heptathiosulphate, (NH 4 ) 5 [Ag 8 (S 208 ) 4 ), is sparingly 
soluble. A. and L. Lumito and A. Scyewetz said that the ammonium silver 
sulphide produced when silver bromide is dissolved by a soln. of ammonium 
thiosulphate is very unstable. A. Ferratini obtained bjrdraauue diver thio* 
sulphate, (N 2 H 4 )H 2 S 208 .Ag 2 S 203 , by shaking freshly prepared silver chloride with 
a soln. of hydrazine thiosulphate. The rectangular crystals become brown at 100®, 
and melt at 128^-129®. The salt is almost insoluble in water ; is reduced slowly 
by boiling water ; is soluble in aq. ammonia; and is attacked by nitric abid. 
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J. Meyer and H. Eggeling prepared lithium silver dithiosulphate, Li 2 S 203 .Ag 2 
8203 . 1 ^ 2 ^^ by the action of freshly-precipitated silver chloride on a cone, soln, of 
lithium thiosulphate. The tabular crystals soon form silver sulphide on exposure 
to light. They are hygroscopic, and decomposed by boiling water, and by acids. 
According to A. Rosenheim and S. Steinhauser, when silver chloride dissolves in 
a soln. of potassium or sodium thiosulphate, there is a double decomposition result¬ 
ing in the formation of alkali chloride, and silver thiosulphate. The latter forms 
complex salts with the excess of sodium thiosulphate. E. Valenta examined the 
solubility of the silver halides in soln. of sodium thiosulphate. The solubility, S, of 
the silver halide in grams per 100 grins, of soln. for soln. with 100 parts of 
water and 


Na.,SjOi . 

1 

5 

10 

15 

20 parts 

(AgOl' . 

. 0-40 

200 

410 

5-50 

6*10 

.S'JAgBr . 

. 0*35 

1*90 

3*50 

4*20 

5-SO 

[Agl . 

. 003 

0*16 

0*30 

0*40 

0-60 


K. ('ohen found that if the sodium thiosulphate be in excess, silver chloride dissolves 
in accord with 3 Na 2 S 203 ~|“i 2 AgCl ~ 2 NaCl-f 2 AgNaS 203 .Na 2 S 203 ; and if the silver 
salt be in excess, the less soluble NaAgS 203 is formed. R. Luther and A. Leubner 
found that the anion j)resent in the soln. is Ag(S 203 ) 2 '". J. Fogh showed that the 
decomposition of silver nitrate (2 mols) by sodium thiosulphate (1 mol) with formation 
of sodium nitrate, silver sulphide, and dissolved sulphuric acid, is complete in four or 
fivt* minutes, and develo ]>8 -f-AG Cals, at 15*^. The calculated result is -f45*2 Cals. 
The rt‘.aciion takes place in two phases, namely, the formation of silver thiosulphate 
and the decomposition of the latter in presence of water, but the thormochemical 
disturbances corresponding with each phase could not be determined directly 
because of the rapidity of decomposition. Carculating from analogy, the heat of 
formation of silver thiosulphate is +104 Cals., and hence the first phase of the 
reaction should develop 4-5*2 Cals., and the second +40 Cals., a result which 
(‘xplains the fact that the decomposition becomes complete without the aid of 
extraneous energy. The dissolution of silver thiosulphate in excess of a soln. of 
sodium thiosulphate, develops 34*8 Cals, at 12'^. The conversion of silver chloride 
and bromide into thiosulphate would absorb 13x2 Cals., and 17*3x2 Cals., and 
the soln. of tliese compounds in a soln. of sodium thiosulphate is determined by the 
formation of the sodium silver thiosulphate. The conversion of silver iodide into 
thiosulphate would absorb 48*4 Cals., a quantity greater than that developed by 
the coHibinatioTi of silver thiosulphate and sodium thiosulphate, and hence a soln. 
of sodium silver thiosulphate yields a precipitate of silver iodide on addition of a 
soluble iodide, and silver iodide does not dissolve in sodium thiosulphate soln. 
without the aid of extraneous energy. 

E. Muller observed that when silver nitrate is added to a soln. of sodium 
thiosulphate and the potential between a silver indicator electrode and a normal 
calomel electrode immersed in the liquid is measured and plotted against the 
vol. of silver soln. added, a marked deflection in the curve occurs at a point 
corresponding with the formation of NaAgS208. Further addition of the silver 
soln. causes the formation of a white precipitate of Ag2S203, which simultaneously 
becomes brown, due to decomposition into silver sulphide, and eventually a 
second deflection in the potential curve occurs at a point a little beyond that 
corresponding with the formation of Ag2S203, due to adsorption of silver nitrate 
by the precipitate. If the titration is carried out at 0°, no decomposition 
of silver thiosulphate occurs until there is an excess of silver nitrate present, 
and the second deflection in the potential curve denotes a stoichiometric relation 
l>6tween the reacting substances. In the presence of sodium acetate, the titration 
may be carried out at 75*^, at which temp, the potential change at the end-point 
is much more marked. There is no indication of the formation of the complex 
salt, Na4Ag2(S203)3, by the electrometric titration. 
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J. F. W. Hcrechol reported crystals of sodium silver trithiosulphate, 2NaiS„03. 
Ag„S203.2H20, to be formed by eva])orating a soln. of silver chloride in a 
soln. of sodium thiosulphate. A. Rosenheim and G. Trewendt ustnl the formula 
^*^^a4[Ag2(Sjj03)3].2H20. A. Rosenheim and S. Steinhauser used a similar mode 
of preparation; and C. Lenz obtained it in an analogous way and also by 
using silver nitrate in place of the chloridt‘; anti by precipitation by adding 
alcohol to the soln. and allowing th(‘ oily liquid to crystallize ; A. and 
L. Luiniere and A. Seyewetz ustnl silver bromide and alcoholic precipitation. 
According to C. Lenz, while the evaporation of the aq. soln. furnishes tabular 
crystals, an alcoholic soln. furnishes acicular crystals. The salt has a very 
sweet taste ; it is stable in air and m light. At 100'^, the salt is gradually 
darkened by the formation of silver sulphide ; and a similar product is obtained 
by the prolonged boiling of the aq. soln. K. Barth obtained silver sulphide, siil})hur 
dioxide, and suljihuric acid by boiling the aq. or acidic soln. Hydrochloric acid 
slowly decomposes the aq. soln. in the cold. The salt is freely soluble in water, 
and in aq, ammonia; the salt is soluble in aq. alcohol. J. F. W. Herschel, 
A. Rosenheim and S. Steinhauser, and E. Cohen obtained sodium silver thiosul¬ 
phate, Na2S203.Ag2S203, or NaAgS^Oj, or Na[Ag(S203)], from a soln. of silver 
chloride to a soln. of sodium thiosulphate ; on evaporation, the first crop of crystals 
may contain the trithiosulphate. C. Lenz obtained it by adding neutral silver 
nitrate soln. to one of sodium thiosulphate so long as a precipitation occurs. 
A. Rosenheim and S. Steinhauser failed to confirm this. A. Schwicker evaporated 
over sulphuric acid a mixture of sodium thiosulphate and an amrnoniacal soln. 
of a silver salt. A. and L Lumiere and A Seyewetz, and 0. Lenz obtained a mono¬ 
hydrate ; and the former also a dihydrate by allowing the filtrate from a soln. of 150 
grms. of crystalline sodium thiosulphate and 58 grins, of silver chloride to stand 
in darkness. A. Steigmann studied the reduction of sodium silver thiosulphate 
by sodium hyposulphite, and found the reduction occurs more rapidly in alkaline 
than in neutral soln., since neutral soln. became acidic owing to the decomposi¬ 
tion of the hyposulphite 2Na2S204^Na2S205-fNa2S203; and Na2S205-fH20 
— 2NaHS03 The* silver from alkaline soln. coagulates more rapidly than the 
blackish“blue silver from acidic soln , which sediments very slowly and yields a 
precipitate which is deep black in colour. The silver from alkaline soln. is greyish- 
black, and when rubbed on paper takes on a bronze appearance. The reduction 
occurs much more rapidly in the presence of a little potassium iodide than in alkaline 
soln., and more rapidly still in alkaline soln. containing a little potassium iodide. 
In all cases, the reduced silver is at first colloidal, which rapidly coagulates. In 
the alkaline soln., the sol remains yellowish-brown in colour until coagulation 
sets m, but in all other cases the sol becomes reddish-blue very rapidly. The 
white, tabular crystals of the anhydrous salt were found by A. Schmidt to be mono¬ 
clinic wdth the axial ratios 6 : c-,^0-6324 : 1 : 0-5716, and /S^90'"37'. The 
optic axial angle 2F==90®11' for Li-light. The optical character is negative. 
A. and L. Lumiere and A. Seyewetz found that the salt blackens at 60^. The other 
observers found that the salt is sparingly soluble in cold water, and is decomposed 
by hot water; it is freely soluble in aq. ammonia ; and in an aq. soln, of sodium 
thiosulphate; dil. hydrochloric acid forms no silver chloride, but with hot soln., 
silver sulphide is precipitated. A. Rosenheim and G, Trewendt prepared the 
sodium silver tetrathiosulphate, Na5[A.g3(8203)4].3H20, as a freely soluble salt, 
^y the method indicated above. A. Schwicker said that the sodium silver monam- 
miimthiosdpiiate, NaAg8203.NH3, is formed by adding alcohol to a mixture of 
sodium thiosulphate with an amrnoniacal soln. of a silver salt. This salt was 
al^ made by J. Meyer and H. Eggeling. P, Jochum reported sodium silver hepta* 
thiosulphate, 6Na2S203.Ag2S203.21H20, from a sat. soln. of silver chloride in a 
cone. aq. soln. of scKlium thiosulphate ; but this has not been confirmed. 

J. F. W, Herschel precipitated a potassium silver thiosulphate by adding 
potassium hydroxide, or a potassium salt to a soln. of silver chloride and sodium 
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t liiosulphato. A. Rosonlioini and S. Stoinbaiiflor obtained potassium silver OCto- 
thiosulphate, 5KoS20;j.3A.c^2So0o, by boiling a soln. of silver nitrale and ]K)tasRium 
thiosulphate for 15 minutes, making the liquid feebly alkaline with potassium 
carbonate, and allowing the iiltrate to crystallize. E. Jonsson also obtained long, 
colourless prisms of this salt. The prismatic needles are sparingly soluble in wat(‘r. 
J. M(‘yer and H. Eggeling obtained potassium silver amminoctothiosulphate, 
r>K2S2()3.3Ag2S203.NH3, in white needles, from an amrnoniacal soln. of 1*7 grins, 
of silver nitrate, and 2 grms. of potassium thiosulphate in a little water. E. Jonsson 
said that the ability to form additive compounds seems to depend on the preseiu'e 
of unused subsidiary valencies of the silver atom and is most marked in compounds 
of the type. K2S203.Ag2S203 ; it is scarcely noticeable in tlie case of the salts 
2M282O3. Ag2»S203 5M2^2^^3*3Ag2S203. He confirmed the existence of the colour¬ 

less and yellow' alkali silver thiosulphatt‘s obs(‘rved by J. Meyer and H. Eggeling, 
but iloubted wdndher their isomerism is explicable by assigning the respective 
formuho AgS.SOo.OK and KS.SO.^.OAg, since their behaviour towards ethyl 
io<hde indicates that tlie silver is attached to the sulphur atom in each case. The 
conversion is brought about by cautiously warming with water, but too drastic 
treatment h‘ads to tin* formation of silver sulphide, sulphur dioxide, and sulphate. 
It a])pears, therefore, that tlie yellow compounds are intermediate products in tlie 
(l(‘compo8itioii of th(‘ colourless salts, and the transformation is possibly exjdained 
by su<‘h a scheme as : K().S 02 SAg^K 0 .S. 802 .Ag. E, Jonsson prepared potassium 
silver tritamminothiosulphate, 3KAg8203rNH3.2H20. J. B. Cohen reported 
potassium silver trithiosulphate, 2K28203.Ag2S203, from a soln. of two parts of 
potassium thiosulfihate and one of silver nitrate made feebly alkaline with potassium 
<arbonat(‘. A. Kosenheim said that the product is the octothiosulphate ; but 
E. Jonsson obtained colourless prisms of this salt by the action of silver nitrate on 
)>()taHsnim thiosulpliate in the presence of ammonia. If silver chloride be dissolved in 
cold cone. soln. of potassium thiosulphate*, sparingly soluble potassium silver tetra- 
thiosulphate, 3K28203,Ag2S2^^3-‘^W2^> formed. A. Rosen- 

h(‘im and (J. Tn-wendt obtaiiunl potassium silver tetratUosulphate, K5[Ag3(S203)4], 
by the method indicated above*. A. Sehwicker reported ])otassmin silver monam- 
ininothiosul])hate*. KAgS203.NH3, te> be formed by mixing mol. proportions of soln. 
of potassium t liie)sulphate and silver nitrate; dissolving the scaly crystals in hot aq. 
ammonia ; and cooling the soln. It was also obtained by adding potassium chloride or 
sulphate to an aep soln. e)f se>dium thiosulphate and an ammoniapal soln. of a silver salt. 

J. Meyer and H. Eggeling prepared mbidium silver trithiosulphate, 
2Rb2S203.Ag2S2()3.3H20, from a soln. of silver chloride and rubidium thiosulphate. 
The needle-like crystals are not hygroscopic, and are fairly stable in air ; the\y 
are sparingly soluble in water, and the aq. soln. is decomposed by heat. J. Meyer 
and H. Egg(*ling obtained in a similar w^ay csesium silver trithiosulphate, 
2(^8282^3.Ag28203.3H2f). A. Kosenheiin and G. Trew^endt prepared rubidium silver 
tetrathiosuiphate, Rb5[Ag3(8203)4J, by the method indicated above and found that 
it forms isomorphous mixtures with the corresponding potassium salt. J. Meyer 
and H. Eggeling also pre])ared yellow rubidium silver amminoheptathiosulphate, 
3Rb28wO3.4AgoS2O3.NH3; and white rubidium silver amminodithiosulphate, 
Rb2S2O3.Ag2S2O3.NH3. 

0 . L. Shinn obtained sodium cuprous silver hexamminoctothiosulphate, 

5Na282O3.Cu2S2O3.2Ag2S2O3.6NH3, by mixing an aq. soln. of sodium thiosulphate 
into aniinoniacal soln. of silver and copper salts. The tetragonal crystals have 
the axial ratio : 0 * 8375 . A. Rosenheim and S. Steinhauser showed that 

ammonium thiosulphate soln.—unlike the sodium and potassium salts—dissolve 
silver chloride, forming compounds containing chlorine. They obtained ammonium 
silver diohlorotetrathiosulphate, NH4C1.4(NH4)2S203.AgCl, by saturating a soln. 
of ammonium thiosulphate with silver chloride, and concentrating over sulphuric 
acid in vacuo. The tetragonal crystals have the axial ratio a: c=l: 0 * 635596 , 
and are very stable. They can be dissolved without decomposition in cold water 
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or ammonia ; they yield a small quantity of silver sulphide when boiled with 
water. Dil. acids decompose the salt, forming silv(‘r chloride and sulphide, sulphur 
and its dioxide, and hydrogen sulphide ; and alkali-lye furnishes silvtT oxid(‘ and 
anunonia. The crystals of the corresponding ammonium silver dibromotetra- 
thiosulphate, NH4Br.4(NH4)2S203.AgBr, are tetragonal with the axial ratios 
u : c =1 : 0 * 62948 , and are isornorphous with the chloro-salt ; ammonium silver 
duodotetrathiosulphate, NH4l.4(NH4)2S203.AgI, was prepar(‘d in a similar way. 
The same remark applies to the cyanide and thiocyanate. E. Brim also obtained 
the complex with the ammonium salt and silver iodide and thiosulphate. K. Bliaduri 
passed acetylene through an aminoniacal soln. of sodium thiosulphate and 
silver nitrate, and obtained a yellow precipitate which when washed and 
dried in air, had the composition sodium silver enneathiosulphate acetylide^ 
2 Na 2 S 203 . 7 Ag 2 S 203 . 18 Ag 2 C 2 . 32 C 2 H 2 . It is soluble in aq. ammonia but re]precipi¬ 
tated by acids ; the acid soln. decomposes giving off acetylene and sidphur dioxide. 
The yellow com])ound is stable in dry air, but is decomposed by water, forming 
red sodium silver henathiosulphate acetylide» 7NaoS203.4Ag2So03.86Ag2C2 IHC.jH.*. 

M. J. Fordos anti A. Gel is obtained an acidic soln. of aurous thiosulphate 
by the action of dil. sulphuric acid on barium gold thiosulphate. The soln. 
can be evaporated in a desiecutor to a syrupy liquid having the composition 
Au28203.3H2S203.r?H20. jM. Berthelot observed that a yellow, explosive product 
is produced when acetylene is passc'd into a soln. of aurous thiosulphate. 
J. A. Mathews and L. L. Watters showed that the product is aurous carbide. 
M. J. Fordos and A, Gelis jprepared SOdium auTOUS dithiosulphate, Na3Au(S203)2- 
2H2(), by stirring a soln. of one part of auric cliloride in 50 parts of water with 
a soln. of 3 parts of sodium thiosulphate in 50 of water. The mixture is made so 
slowly that the rod liquid becomes colourless before a new addition is niade. If 
an excess of auric chloride is added, auric sulphide is ])reci])itated. Tbe complex 
salt is precipitated by adding alcohol to the liquid. Th<i salt can be jpurified 
by repeatedly dissolving it in w’ater and precipitating it with alcohol. The re¬ 
action is represented : 8Na2S203~f 2AnCl3==3Na2S203.Au2S203d-2Na2S40(j-f GNaCL 
J. K. Gjaldbaek, and E. Keiding described the preparation of the salt; and 
H. Brown recommended the following process : 

A soln. of 41*2 grms. of hydrocliloroauric acid in 75 c.c. of water is adde<i, drop by drop, 
to a 40 per cent, soln, of sodium hydroxide, until the liquid is faintly alkaline to litmus. 
Gold hydroxide is precipitated. The contents of the beaker are then atlded to a soln. of 
102 grms. of hydrated sodium thiosulphate in 200 c.c. of water while the liquid is being 
mechanically stirred. After about 6 mins., and while stirring, is added slowly 4A'-HNO.j, 
from a dropping funnel, at such a rate that the rod colour produced by one drop ia wholly 
or nearly discharged before the next drop enters. The red colour is due to the formation 
of a sodium salt of aunc acid. About 45 c.c. of acid are needed. When about half this 
amount of acid has been added, nearly all the gold hydroxide will have dissolved. When 
the red colour is no longer produced, the reaction is ended. An excess of acid must be 
avoided. At the end-point, the soln. is nearly colourless, and is neutral to litmus. Stirring 
^ continued for about 6 mins, until a faint turbidity appears due to sulphur or gold sulphide. 
The^tions are symbolized Auj 0 , 4 - 4 Na, 8 ., 03 -f *2H,0 = 4Na0H + 2Na,S^0,+Aii,0 ; and 
AujO-r4Na,b^a+H^zD —2NaOH4;2Na3Au(Sa<>,)y. The filtered soln. is treated with 
4 vols. of alcohol. The white precipita^, containinaUiid with sulphur, is filterod off, dis¬ 
solved m the le^t possible amount of water, filtered, and again treated with alcohol, Tho 
treatment c^ be repeated. Finally, the product is filtered on a suction funnel, and dried 
m the dark m a vacuum desiccator over sulphuric acid. 

H. Mollgaard assumed that the gold is attached to the oxygen as Au***, and that 
it can be prepared only by using gold in the tervalent form. This does not 
appear to be correct, because K. L. McCluskey and L. Eichelberger prepared this 
^It by adding a soln. of sodium thiosulphate to a soln. of ccesinm chloroaurate : 
CsAuCl 4 + 4 Na 2 ^^O 3 ~»Na 3 Au( 82 O 3 ) 2 +Na 2 S 4 O 6 + 3 NaCl+C 801 ; or sodium chloro- 
aurite: NaAuCl2+2Na2S203->Na3Au(S203)2+2NaCl. Whether the gold is 
attached to the oxygen or sulphur cannot be decided, because the salt probably 
exists in soln. in a tautomeric form : 
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8—Au 
O 
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The salt is not very stable, but it can be preserved under anhydrous ether in 
the dark. H. Mollgaard registered this compound by the trade name sanocrysin, 
and studied its relation to what he called the chemotherapy of tuberculosis, 
A. J. Gelaric and F. R. Greenbaum found that it is not reduced by ferrous chloride 
or sjilphate, oxalic acid, or stannous chloride ; in soln., it is decomposed by light. 
Hydrogen sulphide precipitates auric sulphide. The colourless needles have th(‘ 
composition of the dihydrate indicated above ; C. Hirnly said that he obtained a 
pentahydrate. M. J. Fordos and A. Gelis found that the salt has a sweet taste ; 
it is not affected by heat at 100®, but at 150 ®-! 60 ® it loses its water of crystallization 
without decomposition ; at a higher temp., gold and sodium sulphate are formed. 
The salt is soluble in water; insoluble in alcohol; and sparingly soluble in aq. 
alcohol ; hydrogen sulphide, and soluble sulphides precipitate brown-gold sulphide ; 
iodine tincture in cone. soln. gives no precipitate because of the formation of 
sodium aurous iodide ; but in dil. soln., aurous iodide is jirecipitated : 
2T2-l-3Na2S203.Au2S20jj---2Aul4-2NaI-f2Na2S206. Hydrochloric, dil. sulphuric, 
or organic acids do not precipitate sulphur, nor develop sulphur dioxide ; in the 
cold, nitric acid forms nitric oxide, sulphinic acid, and gold. There is no pre 
oipiiation of gold with ferrous sulphate, oxalic acid, or stannous chloride. Barium 
chloride forms the barium salt which is precipitated by alcohc>l. According to 
J. K. Gjaldbaek, its aq. soln. is ionized almost entirely into Na' and Au(8203)2''' 
ions ; further dissociation into S2O3" and Au‘ ions takes place only to a very small 
extent. Attempts to determine the pn value of the soln. gave results varying 
from 7*5 to 5 * 6 , the irregularities being ascribed to the presence of impurities. 
H. Mollgaard discussed the use of this salt in the treatment of tuberculosis ; 
and J. F. SchembiTg and C, S. Wright, in the treatment of Jupiis erythematosus, 
P. dochum prepared a more complex salt, sodium aUTOUS heptathiosulphate^ 
6Na2S2O3.Au2S2O3.10H20, by adding alcohol to a cold sat. soln. of sodium thio- 
sulphatt' and a neutral soln. of auric chloride. L. Cassella and Co. also pnqjared 
Ibis salt. A. J. Gelaric and F. R. Greenbaum prepared it by slowly adding a cone, 
soln. of acidic chloride to a cone. soln. of sodium thiosulphate, slowly, and with 
constant stirring. 

The preparation of calcium thiosulphate, CaS203.6H20, has been discussed 
in connection with sodium thiosulphate. Its occurrence in the sulphite liquor of 
Ihe wood-pulp industry was discussed by R, Sieber.^ J, F. W. Herschcl, and 
J, Laneau obtained it by boiling a soln. of calcium hydroxide with sulphur, and 
pasvsing sulphur dioxide into the liquid until it is decolorized; and evaporating 
the liquid in vacuo or at a low t€»mp.—J. F. W. Herschel said that the temp, should 
not exceed 60 ®. E. Kopp obtained it by boiling calcium sulphide with water and 
sulphur, and treating the soln. with sulphur dioxide as before ; H. Muller, by 
oxidizing a mixture of calcium sulphide and magnesium hydroxide; T. Graham, 
by oxidizing calcium sulphide in air; and E. Divers and T. Shimidzu added that 
only a little thiosiilpliLatc is formed when air is passed through a soln. of the hydro- 
sulphide ; they suggest that hydroxyhydrosulphide is formed by hydrolysis, and 
that it is the hydrogen sulphide which first oxidizes and the products of the action 
react with the hydroxyhydrosulphide to form thiosulphate: Ca(SH)(0H)+202 
+H2S=2H20-f CaS203. If the hydrogen sulphide liberated by calcium penta- 
sulphide, in contact with water, is allowed to escape, the remaining tetrasulphide 
is not oxidized by free oxygen ; but if the soln. and air are left in contact in closed 
vessels, the hydrogen sulphide is oxidized as fast as it is formed, and the oxidation 
products react with the pentasulphide and sulphur: CaSs-f 2H20=Ca(SH)(0H) 
-f ^+H2S. E. Divers and T. Shimidzu prefer this formulation of the reaction to 
2CaS5+302—2Ca8203+6fe. E. Donath and F. Miiller oxidized the sulphide with 
manganese dioxide— vide supra, sodium thiosulphate. F. Kessler obtained calcium 
thiosulphate by trejiting 7 grms. of calcium chloride with a hot, cone. soln. of 8 
parts of sodium thiosulphate; sodium chloride separates out as the soln. cools. 
The liquid is then concentrated at 50 ® and cooled for the crystallization of the 
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calcium thiosulphate. The reaction S 4 -CaS 03 . 2 H 20 .,--CaS 203 aq,-f- 2 H 20 is a 
balanced one ; and F. R. Bichowskv found the equilibrium cone, at 141°, 122°, 
110°, 100°, and 79-8° to be 0-2605, 0417, 0-018, 0-713, and M20 mols per litre 
respectively with colloidal sulphur above 122°, monoclinic sulphur at 110°-100°, 
and rhombic sulphur at the lower temp. 

. . 4U° 393" 383° 373° 362° 

log a: . -2-971 —2-630 —2-334 -2-221 —1-881 

-08-0i2 log ^-1945+14-02T log r+0-00235rH 58-6^. F. K. Bichowsky re¬ 
commended the following process ; 

A cone. soln. of caleiuin chloride is added to a cold cone. soln. of sodium thiosuli)hate. 
Sodium chloride separates out. The crystals of <-alcium tluosulphate can then be 
fractionally crystallized by adding alcohol, rodissolving the precipitate in water and 
reprecipitating with alcohol. This rnt'ithod works well with small quantities if a trace of 
alcoliol is no objection. For largo quantities, the bc‘8t metliod is to dissolve 510 grins, of 
crystallized sodium thiosulphate in 465 grms, of wat/cr, tlien add, with constant stirring, 
350 grins, of finely crystallized calcium chloride dihydrate. The temp, of the soln. should 
not rise above 60° during this process. The soln. is allowed to stand overnight, and the 
clear liquid is dec-anted tlirough a larger filter, and cooled to 0° or —10° ancl allowini to 
crystallize. Prt'.pared in this way, the crystals contain only a small amount of sodium 
chloride as an impurity, from whicli tliey can be freed by recrystallization. The solid 
salt dehydrates rapidly at room temp., also decomposing into sulphur and suljihito at the 
same time. In contac t with its sat. soln. it is stable for several weeks at 25\ At 0°, it 
is apparently indefinitely .stable. The 2A/-8oln. is stable up to about 35°, and is the most 
convenient form in which to kfjep the salt. 

The transparent, six-sided crysttals were foiinrl by V. von Zepliarovich to belong 
to the triclinic system, and to have the axial ratios a :h : c—0*7828 : 1 : 1*5170, 




Figs. 125 and 126,—Equilibria in the System : 0aS2O3-f'2NaN03;F^Naj5SjjO,4-Ca(NOj)j, 

at 9° and 25°. 

and a—72° 30', j3—98° 34', and y=^92° 452'. The (lOO)-cleavage is perfect. 
W. T. Astbury found that the X-radiogram corresponded with a space lattice 
having two mols of CaSjjOs.OHgO ]>er unit cell. F. W. Clarke found the 
sp. gr. at 13*5° to t>e 1*8175; and at 16°, 1*8728. J. F. W. Herschel found that 
the crystals effloresce in vacuo over sulphuric acid at ordinary temp., and in air 
over 40°. E. Kopp found that the crystals cannot be kept in a closed vessel without 
decomposing into sulphur and calcium sulphite ; and J. F, W. Herschel observed 
a similar result with a cone., aq. soln. over 60°. 0. F. Rammelsberg said that when 
the salt is heated out of contact with air, water and sulphur are given off, 
while a mixture of calcium sulphide, sulphite, and sulphate remains; and, 
according to A. Forster, this mixture is phosphorescent. The heat of the reaction 
CaS203(0*2127 mol per litre) =CaSO3.2H2O+Srhowuic^^S00 cals.; the heat of 
dilution is Q—{w~-22‘5)/(0*107 +0*00168w) cals., where n is the number of mols 
of water in the final soln. per mol of thiosulphate. For soln. with JH-mols per litre: 

M . . 1*750 1-3234 0-888 0-447 0-213 

Sp. ht. . . 7-004 0-769 a-840 0-918 0-954 
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0. Stelling studied the absorption spectrum of X-rays. C. Pape gave 2*09*^ for 
the rotary polarization of the crystals. J. F. W. Hersche! found that water dis¬ 
solves its own weight of the salt at 3^^ ; and a part of the calcium is precipitated 
from the aq. soln. by potassium carbonate; and the remainder is precipitated 
when the soln. is heated. F. R. Bichowsky gave 2*28 grms, per litre for the 
solubility of the hexahydrate at 25®. R. Kremann and H. Rodemund studied 
the equilibrium in the reversible reaction CaS 203 +Na 2 C 03 ;=>Na 2 S 203 +f^aC 03 ; 
in CaSoOs + Na 2 S 04 Na 2 S 203 + CaSO^; and in (^aS 203 -f 2 NaN 03 - Ca(N 03)2 
-f Na 2 S 203 . The results with the last-named reaction, at 9® and 25®, are sum¬ 
marized in Pigs. 125 and 126. 

The point A refers to NaNOj ; B, to Ca(N03)2.411^0 ; T, to CaS^ 03 . 6 H _,0 ; /J>, to 

Na2S»0s.6H.,0 ; B, a sat. soln. of both NaNO, and (^a(N 03 ),. 4 H 20 ; //, a sat. soln. of 
both CaN 03 . 4 Ho 0 and Ca.S.Oa.OHaO ; F, a sat. soln. of both NaNOg and Na,S, 03 . 5 H ,0 ; 
and (7, to a sat. soln. of both NajS^Oj-SHgO and CaSjOa.OHgO. curves AE, and 

AF refer to soln. eat. with NaNOj with increasing proportions respectively of Ca(N 03)2 
and Na^SaO, ; BE, and BH, to sat. soln. of Ca(N 03 ) 2 . 4 H 20 with incrt^aaing proportions 
respectively of NaNOg and CtuS^Og ; (Jilt and to sat. soln. of CaSgOTOHj-O with 
increasing proportions respectively of CafNOs)^ and NajSoOg ; and DQt and DFy to sat. 
soln. of NajSaOj.SHjO with increasing proportions of CaSaOg and NaNOg respectively. 
The area KBHP refers to the sat. soln. Ca(N 03 ) 2 . 4 H 20 ; EBR^RsEAt to NaNO, ; 
FHJi.GDt to NaaS.Og.SHaO ; OCHPR^R.t to CaSaOj.BHaO ; and R^RzRi^ fco the triple 
saU Na, 0 a(S,O 3 ) 2 (NrO 3 ).llHaO. 

J. F. W. Hcrschcl, and F. Kessler obtained strontiiun thiosulphate, SrS 203 , 
as in the case of the calcium salt. The liquid is filtered from any carbonate or 
sulphate, and on evaporation, J. L. Gay Liissac obtained rhombohedral crystals ; 
and by adding alcohol, T. von Grotthus obtained a crystalline mass. F. Kessler 
mixed a hot, cone. soln. of strontium chloride or nitrate with the calculated quantity 
of sodium thiosulphate, and obtained the strontium thiosulphate by evaporation 
or by adding alcohol—-methyl alcohol for preference, added S. Kern. Two hydrates 
hav<* been reported. F. Kessler said that prismatic crystals of the nwnohydrate^ 
are ])roduced when the aq. soln. is evaporated above 50® ; and the pentahydrate 
is obtained below that temp, and, according to R. Portillo, by crystallization from 
alcohol. The analyses of 0. F. Rammelsberg, J. C. G. de Marignac, and E. A. Letts 
wshow that the crystals are pentahydrated and not hexahydrated as supposed by 
F. W. Clarke. A. Fock and K. Kliiss found the monohydrate furnishes monoclinic 
crystals with the axial ratios a : b : c--1*2946 :1 : 2*584, and j3=107® 32'. Twinning 
occurs about the (lOO)-planc. J. C. G. de Marignac, and C. F. Rammelsberg found 
that the raonoclinic crystals of the pentahydrate have the axial ratios a :b : c 
*2946 : 1 : 2*5848, and jS-^lOT® 32'. Twinning occurs about the ((X)l)-plane, and 
the ((X)l )-cleavage is {:>erfect. C. Pape gave 1*64® for the rotary polarization of the 
crystals. F. W. Clarke gave 2*1566 to 2*1991 at 17® for the sp. gr. of the crystals 
of the pentahydrate. R. Portillo gave 2*202 for the sp. gr. of the |)entahydrate 
at 25®/4®, and 2*916 for that of the monohydrate at 25®/4®. The mol. vol. of the 
contained water is 14*22. J. L. Gay Lussac said that the crystals taste insipid at 
first and afterwards appear sulphureous; they are neutral to vegetable colours ; 
and are permanent in air. On the other hand, J. C. G. de Marignac found that the 
crystals slowly effloresce in air, and crumble to dust. According to J. L. Gay 
Lussac, the water of crystallization is expelled between 50® and 60®, and at higher 
temp., the salt forms strontium sulphide and sulpliate, with the separation of sulphur. 
C. F. Rammelsberg, however, found that the salt does not part with all water at 
60®, and that it even retains 6 per cent, at 180®. At a higher temp., it is resolved 
into a n^ixtu^e of strontium sulphide, sulphite, and sulphate, with the loss of water, 
sulphur, and sulphide dioxide—the residue, according to A. Forster, is 
phosphorescent. J. L. Gay Lussac said that 1(X) part-s of cold water dissolve 16*67 
parts of salt; W. Auteririeth and A. Windaus, 27 parts of salt at room temp. ; and 
J. F. W. Herschel 25 parts of salt at 4®. R. Portillo found that the percentage 
solubility of tin* pentahydrate at 0®, 12*8®, 27*5®, and 40** is 8*78, 13*82, 21*10, and 
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26-80 ; the mol, heat of soln. is — 7-34 cals.; and for the monohydrato, 2-38 cals. ; 
the heat of hydration of the pentahydrate, starting from the Inonohydrate, is 
9-7 c^ls. J. L. Gay Lussac said that nitric acid converts the salt into the sulphate. 

H. Rose obtained barium thiosulphate* BaSi* 03 , by crystallization from a soln. 
of barium sulphide exposed to air; E. A. Letts, and A. Forster by cooling a hot 
soln. of barium chloride or acetate and sodium thiosulphate—the addition of alcohol 
precipitates more barium thiosulphate from the soln.; and T. Curtius and F. Henkel, 
by treating Wackenroder’s liquid with barium carbonate, and adding alcohol to 
the filtrate which is then cooled for crystallization. A. Sobrero and F. Selmi 
found that it is precipitated by alcohol from its aq. soln. According to B. C. Brodie, 
when barium dioxide is triturated with a mixture of carbon disulphide and 
water, a yellow liquid is obtained which when allowed to stand slowly deposits 
barium carbonate—rapidly if boiled—and, if an excess of the dioxide is present, 
the liquid contains barium thiosulphate. The rhombic needles or plates of mono- 
hydrated barium thiosulphate were found by H. Biickstrom to have the axial ratios 
a:h\ 0=0-7304 : 1 : 0*7248 ; the (010)-cleavage is perfect, and the (OOl)-cleavage 
distinct. F. W. Clarke gave 3-4461 for the sp, gr. at 16°, and 3*4486 at 18°. 
H. Rose, E. A. Letts, and T. Curtius found that crystals of the nionohydrate are 
obtained at ordinary temp., but, when dried at 100°, or after standing over suly>huric 
acid, E. A. Letts, and T. Curtius found that the anhydrous salt is obtained ; whih‘ 
C. F. Rammelsberg, and C. Pape said that the water is expelled only when heateti 
over 170°. H. Rose said that when the crystals are heated in a closed vessel, 
water, hydrogen sulphide, and sulphur are given off, while a mixture of barium 
sulphide and sulphate remains ; and C. F. Rammelsberg observed that the salt 
dried at 170° loses at a red-heat water and sulphur, but not hydrogen sulphide or 
sulphur dioxide, and leaves a sintered mixture of barium sulpliide, sulphite, ari<l 
sulphate which A. Forster found to be luminous. H. Rose observed that the salt 
is sparingly soluble in water; and W. Autenrieth and A. Windaus, that at room 
temp., 100 parts of water dissolve 0*208 part of salt. According to A. Naumann, 
it is insoluble in acetone ; and also insoluble in alcohol. W. Spring found that 
sulphur monochloride converts the thiosulphate into pentathionate ; and G. Chancel 
and E. Diacon, that cupric sulphate forms copper tetrathionate which rapidly 
decomposes. V. J. Sihvonen found maxima in the ultra-red reflection spectrum 
at 9-3/x, 10*4p, 15*0/x, and 18-2/i. 

K. Diehl found that a sat. soln. of sodium thiosulphate dissolved some calcium 
sulphate, and alcohol precipitates an oily liquid which later crystallizes, forming 
sodium calcium thiosulphate. A. Fock and K. Kluss prepared barium dichloro^ 
thiosulphate* BaCl2.BaS2O3.2H2O, from a soln. containing the com|>onent salts. 
R. Kremann and H. Rodemund prepared the triple salt: sodium oalcium uitrato- 
dithiosulphate* NaN08.Na2S20s.Ca8203.11H20, from a mixture of the component 
salts in the regions of stability indicated in Figs. 125 and 126 . The solubility, S 
per cent, of anhydrous triple salt, is: 

1 *^ 9 ** 15 ° 20° 25 ° 27 ° 2a° 30 ° 33° 

S . . 42*14 43*61 46*29 60*40 66*28 68*86 60*99 63*30 68-43 

'-— ' .— ■ ^-V-' 

CaNasCNOjXS^O))! DecompoftiUon 

The results are plotted in Fig, 127 . The region of decomposition refers to 
the reversible reaction : Na3Ca(N03)(S208)241H20^NaN03 -f NaaSaOg.SHgO 
4 -C^ 20 a* 6 HoO. A. Fock and K. Kliiss, and 6 . Wyrouboff obtained potassium 
oslcium thimmlphate* 3K2S2O3.CaS2O3.5H2O, by evaporating a mixed soln. 
of the component salts. The monoclinic prisms have the axial ratios 
a : 6 : c=l -7010 : 1 : 0 - 8931 , and j 3 = 99 ° 58 '. A. Fock and K. Kliiss also made 
potassium a^tium ttdoi^phate* K2S2O8.Sr82O8.5H2O. J. F. W. Herschel, and 
A. Rosenheim and S. Steinhauser made CUpfOUS oa 1 fdT in> thiosulphato—possibly 
2Ca82O3.Cu2S2O8.nH2O—by mixing soln. of calcium thiosulphate and copper sul¬ 
phate, or by digesting the soln. of calcium thiosulphate with copjier carbonate When 
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the soln, ia mixed witli an excess of ammonia, it bi'conn’s blin* op (‘Xposure 
to air. 0. F. Rammelsberg, and J. B. Cohen obtained a eonijih'x salt hy treating 
potassium cuprous thio8ulj>hate soln. with barium chloride ; 

A. Rosenheim and A. Bteinbauser obtained white, amor- 
])hous tetrahydrated cuprous barium trithiosulphate, 

2BaSoO^j.0^28203.41120, from a cold sat. soln. of the am¬ 
monium cora])lcx salt and barium chloride, and drying the 
prodiH't in air ; if the sodium coniplex salt is used, G. Vort- 
inann found that the hcptnhydrale is formed as a white 
precipitate sparingly solublt* in water, but soluble in hydro¬ 
chloric acid. J. F. W. Herscliel made silver strontium 
dithiosulphate, SrS2O3.Ag2S2O5.2H2O, by the action of a 
soln. of strontium thiosulphate on silver chloride; and 
K. Barth, by adding strontium chloride to a soln. of sodium 
silv(‘r trithiosuljihate, when irideseemt crystals appear in a short time. He also 
obtained silver barium trithiosulphate, 2BaS203.Ag2S203, in an analogous way. 
M. J. Fordos and A. (h'hs prejiared gold barium thioi^phate, as a precipitate, by 
mixing a<p soln, of sodium gold thiosulphatf* and barium chloride, and adding 
ah'ohol. Tlie product is slightly soluble in water, and insoluble in alcohol. 

F. J. Fakt()r« })re])arcd beryllium thiosulphate, BCS2O3 IIH2O, by crystalliza¬ 
tion from the soln obtained by mixing sodium thiosulphate and beryllium sulphate 
~puie infra, aluminium thiosulphate. J. F. W. Herschel, and C. F. Ramm(‘Lsbcrg 
fibtained maguesium thiosulphate, MgS2()3.6H20, by boiling an aq. soln. of magne¬ 
sium sulphate with flowers of sulphur, but the product is diflficult to free from 
sulphide and vsulphate. E. A. Letts obtained it by double decomposition with 
magnesium sulphate and strontium thiosulphate—barium thiosulphaL* can be 
used. The filtrate is evaporated over cone, sulphuric acid when rhombic prisms 
are obtained. A. Fock and K. Kliiss found the axial ratios of the rliombic 
])ipyramids to be a : 6 : c=0*7674 : 1 : 0*7294, and F. W. Clarke gave 1*8IS tor the 
sp. gr. F. Kohlrausch and L. Holborn represented for the eq. electrical con¬ 
ductivity, A, of soln. with an eq. of the salt in v litres : 


32 
94-1 


64 

1051 


128 
113 9 


256 

122-2 


512 
128 8 


1024 

135-2 


P. Walden made observations on this subject. C. F. Rammelsberg said that tlu' 
crystals are stable in air ; they lose about half their water of crystallization ; and 
E. A. Letts said that about 3 mols. are lost at 100°. C. F. Rammelsberg found 
that when strongly heated, the salt gives off w^ater, sulphur, and sulphur dioxide, 
the residue sinters, forming a mixture of magnesium oxide, sulphit<‘, and sulphate. 
The salt is freely soluble in water, and alcohol precipitates an oily li({uul from 
the cone. aq. soln. F. Kessler prepared ammonium magnesium thiosulphate, 
{NH 4 ) 28203 .MgS 203 . 6 H 20 , by double decomposition with ammonium magnesium 
sulphate and strontium thiosulphate, and cooling the cone. soln. below 0 ; a cone, 
soln. of the component salts also yields, at 35°, prismatic, non-hygroscopic crystal'^ 
which lose no water in vacuo, or over sulphuric acid. The monoclinic ])risms 
have the axial ratios a : 6 : c=0*6422 : 1 : 0*9238, and ^-105 ^34'. The (101)- 
cleavage is perfect. F. Kessler, C. F, Rammelsberg, and A. Fock and K. Kliiss 
prepared crystals of potassium magnesium thiosulphate, K 2 S 2 O 0 .MgS 2 O 3 . 61 l 2 O, 
in monoclinic tabular or prismatic crystals from a sola, of the component .sails. 
The axial ratios given by A. Fock and K. Kliiss are a : 6 : c—- 2*0001 : 1 : 1*0474, 
and 15=107° 31'. J. Meyer and H. Eggeling obtained ruhldium magnesium thio- 
S^pnate, Rb 282 O 3 .Mg 82 O 3 . 6 H 2 O, from a soln. of the component salts. The 
transparent columnar crystals are freely soluble in water ; similarly with caesium 
magnesium thiosulphate, Cs 2 S 2 O 3 .MgS 2 O 3 . 6 H 2 O. 

W. Hampe ® reported the presence of some hydrated zinc thiosulphate, 
ZnS^Oa.nHaO, in the flue dust of a zinc furnace. A. F. de Fourcroy and L. N. Van- 
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quelin obtained crystak of zinc sulphite mixed with those of zinc thiosulphate 
when sulphurous acid acts on zinc: 2Zn+3H2S03=ZnS03+ZnS208+3H20 ; 

E. Wohler said that a mixture of zinc sulphide and sulphate are formed by the 
action of sulphurous acid on zinc; E. Mitscherlich said that the products of the 
action are zinc sulphite which crystallize out, and zinc thiosulphate which remains 
in soln., and, added J. J. Berzelius, and C. J. Koene, if the acid becomes very hot 
hydrogen sulphide is formed and some of the zinc in soln. is reprecipitated. 
H. Risler-Beimat said that some pentathionate is also formed during the reaction. 
According to W. E. Henderson and H. B. Weiser, when freshly precipitated iron, 
zinc, or manganese sulphide is suspended in water and a current of sulphur dioxide 
introduced, the sulphide rapidly dissolves, and the sulphite of the metal is gradually 
deposited, the reaction being represented by the equation: MS+H2SO3 
=MS03+H2S. On continuing to pass sulphur dioxide into the mixture, the 
sulphite dissolves to form the hydrosulphite. If the soln. of the hydrosulphite 
is boiled, the sulphite is re-deposited. The soln. now contains thiosulphate, which 
is produced by the action of sulphur, formed by the interaction of sulphurous acid 
and hydrogen sulphide, on the hydrogen sulphite, thus: M{HS08)2+S=MS203 

+H20-fS02. These and other experiments show that the reaction between 
sulphurous acid and the sulphides of zinc, iron, and manganese is a double decom¬ 
position of the usual type, and that, in so far as the conditions lead to the oxidation 
of the liberated hydrogen sulphide by the sulphurous acid, a certain amount of thio¬ 
sulphate is produced b^y a secondary reaction. 

J. J. Berzelius obtained zinc thiosulphate by the action of sulphur on a soln. 
of zinc sulphite confined in a closed vessel; C. F. Rammelsberg, by passing sulphur 
dioxide through water with freshly precipitated zinc sulphide in suspension— 
dissolution takes place with difficult}^ and is attended by the deposition of sulphur ; 
C. F. Rammelsberg filtered the soln. remaining after zinc sulphate has reacted 
with barium thiosulphate—A. Rosenheim and I. Davidsohn added the powdered 
barium salt to the soln. of zinc sulphate, and agitated the liquid for some days 
at the ordinary temp. The salt is so easily decomposed that it has not been obtained 
in the solid state; and M. J. Fordos and A. Gelis observed that if the colourless 
and odourless soln., which is not precipitated by alcohol, be evaporated at ordinary 
temp, in air or in vacuo, zinc sulphide is deposited when the soln. has become con¬ 
centrated, and zinc trithionate remains in soln., while C. F. Rammelsberg said that 
sulphur is precipitated, and zinc sulphate remains in soln. According to C. J. Koene, 
if ether be added to the aq. soln., an oil is precipitated, and this dries in vacuo to 
a gummy mass. C. F. Rammelsberg added that if the aq. soln. of zinc thiosulphate 
b^ sat. with ammonia, and absolute alcohol added, white needles of sduc diam- 
minothiosalphate« ZnS203.2NH3, are formed. This salt is hydrolyzed by water. 
F. Ephraim and E. Bolle obtained zinc triainminothiO6lllphate9ZnS2Oe.3NH8.nH2O, 
by saturating a soln. of zinc thiosulphate with ammonia; and zinc pentanuuino- 
tbiosulphate, ZnS2O8.5NH3.nH2O, by treating the dry salt with ammonia. A. Rosen- 
heimand I. Davidsohn prepared ammoniumzincthiognlphatet (NH4)2Zn(S208)2.H20, 
in white, prismatic crystals, from aq. soln., and likewise potaiudllin zinc thio~ 
8iilphate9 K2Zn{S208)2.H20. Both salts are very soluble in aq. soln., and give the 
ordinary reactions for zinc. 

G. VckTtmann and C. Padberg prepared cadmium thiosnlphatef CdS203.2H20, 
by triturating a mixture of stoichiometrical pro})ortionB of cadmium sulphate and 
barium thiosulphate with a little water, and mixing the filtrate with alcohol. 
A. Fock and K. Kliiss used strontium thiosulphate, and used a mixture of alcohol 
and ether as the precipitant. The yellowish-white, monoclinic crystals have the 
(OlO)-cIeavage nearly complete. The crystals slowly decomposed when kept in 
closed vessels—more rapidly when heated—^forming cadmium sulphide and sulphate, 
and sulphur dioxide. A. Fock and K. Eliiss obtained monoclinic prisms of amnKmilim 
cad minm dithi 06 alphate» (NH4)2S208.CdS203, by adding alcohol to a sola, of 2 mols 
of cadmium acetate and 3 mols of ammonium thiosulphate. The axial ratios are 
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a : : c= 0-8216 ; 1 : 1 * 5560 , and / 8 = 97 ° 45 '. The basal cleavage is complete. 

By keeping the molar ratio of the constituents 1 : 4 respectively, monohydrated 
tetrathiosnlphate^ 3(NH4)2S203.Cd8203.H20, is formed in 
rhombic crystals with the axial ratios a : 6 : c— 0 - 43 JL 7 : 1 : 0-4187 ; and with the 
proportion 1:4 to 7 , the irihydrate is formed in monoclinic plates with the axial 
ratios a : 6 : c= 0*9760 :1 : 1 - 0026 , and j 8 = 96 ^ 15 '. By mixing an excess of sodium 
thiosulphate with cadmium acetate, trihydrat&l trik>diiiiu cadmium tetrathio- 
sulflhate, 3Na2S2O3.CdS2O3.3H2O, is formed in yellow, deliquescent, triclinic 
crystals ; 6. Vortmann and C. Padberg obtained yellow plates of the enneahydratc 
by adding alcohol to a soln. of cadmium nitrate and an excess of sodium thio8ulpliat<% 
and rubbing up the oil with alcohol. The crystals lose 4 mols. of water over cone, 
sulphuric acid. A. Fock and K. Kliiss prepared the hexahydrate by adding alcohol 
to a soln. of cadmium acetate and an excess of sodium thiosulphate. P. Jochum 
said that at least 3 parts of a cold sat. soln. of sodium thiosulphate are heeded for 
2 parts of a similar soln. of cadmium acetate. The yeDow, monoclinic plates have the 
axial ratios a : 6 : c=l *136 :1 : 0 * 3492 , and jS= 103 ° 35 '. The (OlO)-cleavage is com¬ 
plete. The crystals lose all their water in vacuo over sulphuric acid ; they decom¬ 
pose at 90 ®, and are very soluble in water; the salt is hydrolyzed by boiling tin* 
aq. soln. G, Vortmann and C. Padberg added alcohol to soln. of equal parts 
of cadmium nitrate and sodium thiosulphate, and obtained yellowish-whiO' 
needles of sodium dicadmium trithiosulphate, Na2S2O3.2CdS2O3.7H2O; and with 
a soln. of these salts in molar proportions, sodium tricadmium tetrathiosulphate, 
Na2S2O8.3Cd82O3.9H2O. A. Fock and K. Kluss could not prepare this salt. 
H. Euler found that although sodium cadmium dithiosulphate, Na2S203.CdS203, 
has not been obtained in the solid state, it is probably present in soln., and th(» 
equilibrium constant K for [Cd][S203]2[Na2S203]=A[CdNa2(S203)4] is 3 - 5 x 10 '® 
to 5 X 

A. Fock and K. Kliiss prepared potassium cadmium octothiosulphate, 
5 K 2 S 203 . 3 CdS 203 , by mixing equal vols. of cone. soln. of cadmium acetate and 
potassium thiosulphate. The salt cannot be recrystallized from water without 
decomposition. The monoclinic crystals have the axial ratios a: 6 : c 
^1*3203 : 1 : 0*9565, and jS=92® 26'. They also made potassium cadmium tetra- 
thiosulphate, 3 K 2 S 2 O 3 .CdS 2 O 3 . 2 H 2 O, by adding alcohol to a soln. of 6 mols of potas¬ 
sium thiosulphate and a mol of cadmium acetate. The colourless, monoclinic 
prisms have the axial ratios a : 6 : c=l-5103 :1 : 0*9631, and j8==100® 39'. The 
salt can be recrystallized from water without decomposition ; over sulphuric acid, 
in vacuo, it loses a mol. of water. By treating a mixed soln. of calcium thiosulphate* 
and cadmium acetate with alcohol, a gummy mass of calcium cadmium thio¬ 
sulphate is formed; but yellow plates of strontium cadmium tetrathiosulphate, 
3 SrS 203 .CdS 203 . 10 H 20 , can be obtained under similar conditions. They quickly 
lose 5 mols. of water over sulphuric acid, and 2 mols. more are given off slowly. 
An aq. soln. of a mol. of cadmium sulphate and 2 mols. of barium thiosulphate, 
yields triclinic crystals of barium cadmium trithiosulphate, 2 BaS 2 O 8 .CdS 2 O 3 . 8 H 2 O. 
They have the axial ratios a : b : c==0*9871 : 1 : 0-8595, and a—80® 15', 
^=91® 37', and y= 57 ® 50'. If the filtrate obtained in the preparation of tliis 
salt be treated with alcohol, triclinic plates of barium cadmium tetrathio- 
sulphate, 3 Ba 82 O 3 .CdS 2 O 8 . 8 H 2 O, are formed having the axial ratios a:h:c 
=0-6997 :1: 0-6441, and a=94® 18', ^3=91® 18', and y=79® 11'. 

Oux knowledge of the mercury thiosulphates is in an unsatisfactory state— 
vide supra^ the chemical properties of the thiosulphates. F. J. Faktor found 
that aq. soln, of mercurous or mercuric salts are precipitated at the b.p. by sodium 
thiosulphate, with formation of mercuric sulphide. One mol of sodium thio¬ 
sulphate corresponds with a mol of mercuric chloride. B. Behrend made some 
electrometric observations on soln, supposed to contain mercurous thiosulphate, 
%28«08, but the salt itself has not been isolated. C. F. Rammelsberg was unable 
to isolate meiOllrie thiosoll^te, HgS 208 , and the salt is known only when 
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(‘()ni}>iiK‘(l with otlicr t hiosiilpimtrs as a <(>iii]»k‘X suit. li. Drcscr said that in thrsc 
Siilts, tla‘ iu(T(‘iirv Ls pH'scnt as a i t)n\\}h'xriid\i‘\i\ioT\\\\i\'^ltf/fhon(rrct(nfl(l(mi]j)kuriv 
acu/, D^[iu(S.^(){)2. (J.S. KirrhludT pn'parrd what he rcj^ardrd as a cnniplcx salt 

with amnioniimi I hi(»snl|>]iatr ; .umI (’. F. RciMinu'lshar^ ioiiiid tlial nK'rruric 
()xi(h‘ dissolves in a soln. of aimnonium 1 hiosulj)liat(‘ witli the (‘Volution of h(‘at, 
and tlir addition of alrohol fiirnishas ammonium mercuric pentathiosulphate» 
4 (N}{ j)2S2( tj. A);j,2n2D. I'Ih* colourless crystals readily (h'coniposi* ; tlu*y 
keeonie ^n'V in lijiiht ; and the a<(. soln. precipitates hlaek nu‘rcuric sulphide' when 
l»oi!(‘d. H. Hirzi'l could only (d>taln an iinpun' salt by ('. F. Raniine'lsherg's pro- 
e(‘ss, ainl 11. Eg^('!in^ said that tlu' pnxluet is a solid soln. of the eoin[U)nent thio¬ 
sulphates. J. Sehnauss nd\(‘d moist nu'reiirous chloride with a soln. of sodium 
thiosulphate', anel femnd that ale‘e)hol aehh'd to the' cone, and filti'red soln. gave oily 
dre»ps of sodium mercurous thiosulphate, wdiieh ultimate'ly form a mass of crystals. 
The salt ae‘<|uires a tilin e»f euange-ye'liow me'rciiric .snl]>hide‘, which soon hlacke'ns 
in light. d'he* salt is very eie-liepie'scent, and ve'ry solul>le‘ in water. The* aep 
soln. whe n boih'd eh'posils me'rcune* sulphide*. A(*eoreling te) J. F. W. Herseln*!, 
ine'rcuric ei.vidc di.sv(,l^(.^ in a se»ln. of sexlium thiosul])hate, atid whe'u the* soln. is 
ev'ap(*raled it lee'corrKs turluel and <h'p<i.sits me*rciiric sulphide*; anel, according to 
(\ F. liamme'lsbe'rg, akohejl pn*eipitate's from the' soln. ^^n oily liepiid which on 
staneiing slowly eh'posits nu'rcurie sulphide*. Tin* .solid was not isolate'd, hut the oily 

liepiiel eoiTe‘sponeIs with sodium mercuTous thiosulphate, Na^S203.Hg.^So();nnHo(). 

\\ Ju*n )>e)iie'd with wate’r. \V. h>}>ring said that nu'reurie snlj)hifie* and soelium tri- 
tliionate* are* forme'd. CJ. S. Kireldieitf elisse>lva‘d 1? parts of mercuric oxide in a soln. 
of b partse)f jiotassium thiosulphate* in 21 parts of hot water; w]ie*n thetilte*red se)ln. 
is eooh'd. crystals of potassium mercurous octothiosulpbate, 5K^S^()3.3]|g.,8o()3, 

separate* out. k. F. Kamme'lshi'rg aelde*el that in this mode of ])re‘[)aratie)n, the* 
soln. sliould ne>r b<‘ boik'el, eu- me*re'urie' sulphide will lx* ])re*cipitate‘d, anel if me*rrurons 
oxide* is use*ej, me*talli(* m<*reiiry remains undissolveel. A. Fe>ek and K. Kliis.s 
ohtuine*<l tin* salt hy e'V'apeerating the soln. on a wate*r-bath ; and J. M. Fde*r aJid 
G. Idm pre‘('ipitat<'d the .salt ])y aeleling alcohol to a soln. of me*rcuric ioeliele* in a 
aoln. of potassium thio.sulphat(*. The colourless ])lates were found by A. Foek 
and K. Kliiss lo lee monoclinie with the axial ratios (i : h : c— 0*332 : 1 : 0 * 318 , and 
P - bib II. Fgge'ling snppose‘d the* crystals are a sedid soln. of the com])oneut 
salts, (i. S. Kire'ldiedT said that the crystals liavt* a hitter taste* which afterwards 
a[)[)e*ars me tallic ; they elo not r<*.<lden turmeric, and the*y b(‘come‘ grey when dried. 
Tlie*y do n(;t etlk>r(‘sce* in air, and wh<*n heated alone the*y form sulfdiur and its 
dioxide, m(*reury and its sulphide, and potassium suljjhate* ; and when distilled 
with water they furnish sulfihurous acid, mercuric sul]>hid(*, sulphur, and j)otassium 
sulphate*. C. F. Kamnie-lsberg said that the crystals turn black when (‘X]>oscd to 
light ; )mt A. Fe)ck anel K. Kliiss ribserved no blackeniiig under these conditions. 
According to (1. 8. Kirehhoff, KK) j)arts of water dissolve 10 parts of the salt at 15 ^^, 
and hf>iling water dis.solves 50 parts of salt ; alcohol precipitates it from its aq. 
soln. lly(lrochi(»rie, sidphuric, or nitric acid makes the aq. soln. turbid in a few 
minute's, menurie sulphide is precipitated, and sulphur dioxide evolved--' 
(b F. Kamm<*lsherg .said that s<ime sulphur is formed as well. G. 8. Kirehhoff 
observed no action with sulphurous or acetic acid, or with alkali-lye ; baryta- 
wat(*r or lime-water sk;wly forms a greyish-yellow precipitate ; mercurous nitrate 
a black or grey jin'cipitate ; and bismuth, lead, iron, and copper decompose the 
salt, (b F. Hamm<‘l.sberg added that lead salts give a white ])recipitate ; and 
8ilv<‘r salts a pn'cipitate containing mercury. A. Fock and K. Kliiss also 
refK>rt<*(i ( (dourh'ss monoclinie prisms of potawum tnetCQTic totrathiOSlllphate* 
3Ki;82G3.Hg8^()3.3FK<), to be formed by using an excess of potassium thiosulphate 
as in tie* preparation of the preceding salt. The axial ratios are a:b:c 
— 1*4843 : 1 : 0 * 9463 , and ^--~ 101 ® 5 b By using a still larger excess of potassium 
tbiosulfdiale, they obtaimnl triclinic prisms of potassilllll mefCUrooS beuthlO- 
sulplu^te, 5K^82()3.Hg2S^03,H20, C. F. Rammelsberg prepared what he regarded 
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aH cuprous mercurous octothiosulphate, a^ .i riMl^hsii-brown 

precipitate when a solti. of potassium mercuric thiosulphate is IrcHted wPli cupric 
oxide. He could not obtain a crystalline bariuin nuTCuric thiosulpliate from a 
8 oln. of ni(*rcuric oxi<lf‘ in one of barium thiosulphate ; and similarly also with 

strontium mercuric thiosulphate ; and with calcium mercuric thiosulphate. 

J. M. Eder and G. Ulm found that mercuric' iodide dissolvers in an acj soln. of 
sodium thiosulphate, forming a eh'ar liquid containing HgL ' Na.^S^O^ in the molar 
proportion 1 : 2 . It is assumed that the soln. contains the comjde'X sodium 
mercuric diiododithiosulphate, HgIjj.2Na2S203. On haxving a cold sat. soln. to 
evajioratc in vacuo, over sulphuric acid, sulphur dioxide^ is evolved, and a yellow 
precipitate of mercurous iodide is formed, which quickly turns green, and sub- 
seqiumtly becomes mixed with sulphur and mercuric sulphide. On (‘vaporating 
it to dryness, mercuric sulphide and sodium iodide are fornnsl. Alcohol precipitates 
HgS208.2Na2S203 : but the soln. is not clouded by ammonia, aminomiim carbonates 
and ])oiassium hydroxide, f<*rrocyanide, or ferricyanider The soln. d(‘Compe)s<*s, 
with or without contact with air, in a few weeks at ordinary temp., or in a few 
iioiirs when heateel. The soln. acts on finely-divided silver, turning it black. 

G. Vortmami found that wlnm aluminium chloride is treated with 
sodium thiosulphate, the re'action can be symbolized : AI2GI6-|“3Na2S.203 f-dlLO 
- A} 2 ( 0 H)ej+ 6 Na(vl I 3 S"f 3SO2. Tetrathionic acid is formed in quantity corn*- 
sponding with that obtainable from about 4 per cemt. of the thiosuljihate employ(‘d, 
ami at the commencement of the reaction a small quantity of hydrfigen sulyihide 
(‘scapes, but no trace of suljihuric acid could b(‘ det('ctcd. The addition of ]>otHSsiiim 
iodide at the commencement of the experiimmf brings about the formation of 
.sulphuric acid in this case also. An alumiiuam thiosulphate has not been prejmred. 
If a soln. of aluminium chloride, nearly neutralized with sodium carbonate, b(‘ 
tn^ated with an exc(‘ss of sodium thiosulphate, and boiled until the simdl of sulphur 
dioxide is no long(‘r perceptible, aluminium hydroxid<‘ wdll lx* precipitat(*d ; 
2A1G13 b 3 Na 2 S 2(.)3 * 3H2O 2 Al(OH) 3 +t)NaGl“l“ 3 S } 38O2. If the corresponding 
salts of zirconium, titanium, and thorium be present, th(‘y too will be precijjitated 
as hydroxichvs, but not so with salts of iron, beryllium,cerium, lanthanum, didymiurn, 
eU\ The reaction was utilized by F. Chancel, etc., in analytical w'ork. 

W. Crookes,^- P, Jochum, and M, Hebberling showed tliat sodium thio.sulphate 
precipitates thallous thiosulphate, TI282G3, from not too dil. soln. of a thallous 
salt. H. Euler said tliat the crystalline salt is sparingly soluble in cold water, and 
M. Hebberling, that it is fre(‘ly soluble in hot wat(*r, and it se})arat(*s out from the 
hot soln. on cooling. H. Euler referred that greater solubility of the salt in soln. 
of sodium thiosulphate to the formation of a complex salt. This s<dn , or a soln. 
of thallous chloride in a boiling soln. of sodium thiosulphate, furnishes long needles 
of sodium thallous pentathiosulphate, 3Na.,S203.2T]2S203.8 or lOH.O ; and the 
salt can be recrystallized from water. The salt was so jirepared by G. Werther, 
H. Euler, and P. Jochum. It loses all its water at 120 ^ ; and when heated out of 
contact with air, it forms thallous and sodium sulphides and sodium sulphate. 
G. Vortmaim and C, Padberg also obtained needle-like crystals of sodium thallous 
trithiosulphate, 2Na2S2O3.TI2S2O3.8H2O, by adding alcohol to a soln. of a thallous 
salt in an excess of a soln. of sodium thiosulphate. G. Canneri prepared thallous 
cupric thiosulphate, Tl4Cu(S203)3, as a straw-yellow, microcrystalline powder. 

R. J. Meyer 13 obtained scandium hydrozythiosulphate, Sc(OH)S203, as a pre¬ 
cipitate by adding sodium thiosulphate to a soln. of scandium nitrate or chloride. 
The rare earth thiosulphates have not been examined very closely. P. T. Cleve 
obtained samarium thiosulphate by the action of a salt of that earth and a soln., 
of sodium thiosulphate. For the general behaviour of the rare earths to this soln. 
t%de supra. G. Oanneri and L. Fernandes prepared a vseries of cuprothiosulphates 
of the rare earths by mixing soln, of copper sulphate and a soluble rare earth 
salt, each previously sat. with sulphur dioxide. They thus pnqiared cerium 
cuprous ditmosulphate, (V(hi(8203).>.HH20 ; lanthanum cuprous dithiosulphate. 



55 r> 


INORGANIC AND THEORETICAL CHEMISTRY 


LaCu(S203)2.8H20; praseodymium cuprous dithiosulphate* ?rCu(S208)2.8H20; 
neods^um cuprous diihiosulphate* NdCu(S203)2.8H20. The thiosulphates of 
titanium, zirconium, and thorium have not been closely examined. No tit an iu m 
thiosulpltote has been prepared. M. Weibull added that in the case of zirconium 
salts, zirconium thiosulphate was precipitated in the cold, and a basic salt when 
heated. G. Canneri and L. Fernandes made zirconium CUprous trithiosulphate* 
ZrCu(S203)3.30H20, by the method used for the rare-earth salts. Thorium thio¬ 
sulphate has not been prepared, but G. Canneri and L. Fernandes obtained thorium 
cuprous dithiosulphate* ThCu(S203)2.8H20, as in the case of the rare-earth salts. 

According to A. F. de Fourcroy and L. N. Vauquelin,i* sulphurous acid forms 
stannous thiosulphate when it reacts with tin; but, according to M. J. Fordos 
and A. Gclis, only a small yield is so obtained. According to G. Vortmann, when 
a feebly acidic soln. of stannous chloride is boiled with sodium thiosulphate, a yellow 
precipitate of stannous hydroxide is formed, and sulphuric and pentathionic acids 
])ass into soln,, similar results are obtained with stannic chloride. A. L. Orlowsky 
found that the tin is completely precipitated from hot hydrochloric acid soln, of 
stannous chloride, but not completely from strongly acid soln. 6. Tocco and 
N. Jacob obtained tin sulphides and thiosulphate by the alternating current 
electrolysis of a soln. of sodium thiosulphate with tin electrodes. 

J. F. W. Herschel precipitated lead thiosulphate* PbS203, from a soln. of lead 
nitrate by adding a soln. of calcium thiosulphate, and J. Meyer and H. Eggeling, 
and W. H. Perkins and A. T. King used a soln. of sodium thiosulphate. The pre¬ 
cipitate was washed by decantation, then on a filter, and dried in vacuo. If the 
soln. be boiling, H. Void found ihat the precipitate is white, but with a prolonged 
boiling, F. J. Faktor found that it acquires a grey colour. In place of lead nitrate, 
F. Kessler, W. H. Perkins and A. T. King, E. A. Letts, J. Fogh, and P. Jochum 
employed lead acetate, and W. H. Perkins and A. T. King, a hot soln. of lead formate 
or lead trichloroacetate. A, Chwala and H. Colie obtained lead thiosulphate by the 
action of an excess of sodium thiosulphate on lead dioxide in the presence of acetic 
acid. Analyses of the salt were made by J. F. W. Herschel, P. Jochum, C. F. Ram- 
melsberg, J. Fogh, A. Gutmann, and W. H. Perkins and A. T. King. Lead thio¬ 
sulphate appears as a white crystalline powder which is stable in air at ordinary 
temp., but, according to J, F. W. Herschel, it blackens when heated to lOO'", and when 
heated more strongly with the exclusion of air it forms lead sulphide and sulphate 
with the evolution of sulphur dioxide. C. F. Rammelsberg found that some sulphur 
is also formed, and that while the thiosulphate remains white at 100'^, it darkens at 
200 ®. C. Pape observed that in air decomposition sets in just over 100 ®, and 
P. Jochum, near 120 ®. C. Pape gave 5 - 58 ® for the rotary polarization of the crystals. 
According to J. F. W. Herschel, 100 parts of water dissolve 0*0326 part of salt; 
C. F. Rammelsberg said 0*03 part; and P. Jochum, traces. Boiling water decom¬ 
poses the thiosulphate, and after a prolonged boiling, F. J. Faktor, P. Jochum, and 
W. H. Perkins and A. T. King found that lead sulphide is formed. When heated 
in the presence of water in a sealed tube, at 140 ®, J. T. Norton represented the 
reaction: 4PbS20s=PbS+4S-l-3PbS04, with traces of hydrogen sulphide; and 
with an excess of a soln. of sodium thiosulphate, in a sealed tube, W. H, Perkins and 
A. T. King represented the reaction: PbS203+3Na2S20s=PbS+4S4-3Na2804. 
J. Fogh found that when dil. soln. of lead acetate and sodium thiosulphate are 
mixed, the lead is completely precipitated in the form of anhydrous thiosulphate, 
PbS203, with development of + 5*8 Cals, at 10 ®. This corresponds with -f 8*6 Cals, 
for the solid acetate and thiosulphate. The lead thiosulphate immediately after 
precipitation dissolves completely in a soln. of sodium thiosulphate with absorption 
of — 0*392 Cal. at 11®. The dried precipitate requires a stronger soln. of the sodium 
salt for rapid soln., but the absorption of heat (— 0*418 Cal.) is practically the 
same, and hence the physical condition of the thiosulphate is not changed during 
the process of washing and dryihg. It follows that as the heats of formation of 
lead acetate and sodium acetate and thiosulphate from their elements are known* 
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the heat of formation of the lead thiosulphate from its elements can he calculated. 
Taking the heat of formation of dissolved thiosulphuric acid as + 79-1 Cal. 
(Pb, 28 , 30)=152 Cals. A. Slator gave l* 5 xl 0 ~<^ for the ionization constant: 
[Pb**][S203'']=:iir[PbS203]. J. Fogh said that the dried thiosulphate dissolves 
very slowly in alkali thiosulphate soln. ; and complex salts are formed. According 
to T. Fakamatsu and W. Smith, a dih soln. of iodine in hydriodic acid forms tetra- 
thionic acid, and a cone, soln., pentathionic acid. C. W. Blomstrand represented 
the reaction with phosphorus pcntachloride by: 2PCl5+PbS203”PbCl2+PO(d3 
+ P8Cl3+S02(l2- reaction was studied by C. Pape, and J. Y. Buchanan. 

C. F. Ramraelsberg dissolved lead thiosulphate in a lukewarm, cone. soln. of 
ammonium thiosulphate, with shaking, and on evaporation obtained transparent, 
rhombic plates of ammonium lead tiithiosulphate» 2(NH4)2S203.PbS203. If tlie 
temp, is too high lead sulphide is formed, and this is also the case if the soln. be 
allowed to evaporate spontaneously. The salt is freely soluble in cold water, and 
the soln. quickly becomes turbid, forming lead sulphide and sulphate. A. Fer- 
ratini obtained hydrasdne lead thiosulphate, 2(N2H4)H2S203.PbB203.H20, in 
rectangular plates by treating a lukewarm soln. of lead chloride with hydrazine 
thiosulphate—not in excess or the precipitate will dissolve. The precipitate is 
successively washed with aq. alcohol, and alcohol. At 100 '^, the salt becomes brown ; 
it melts at 122 °- 123 ®, forming a brown liquid; it is insoluble in water and alcohol, 
but soluble in dil. nitric or hydrochloric acid. Fuming nitric acid forms lead 
sulphate. J. Meyer and H. Eggeling obtained crystals of lithium lead dithio- 
sulphate, Li2S203.PbS203, by evaporating over sulphuric acid a soln. of the com* 
ponent salts to a small vol., filtering, and evaporating over sulphuric acid in vacuo 
in darkness. The hygroscopic crystals quickly decompose when moist, and lead 
sulphide is formed. A. and L. Luini^re and A. Beyewetz found that a soln. of sodium 
thiosulphate dissolves lead sulphate, and chloride ; P. Jochum, lead ; and 
E. H. Russell, and i). A. Stetefeldt, lead sulphate, but not lead chloride. According 
to J. Fogh, sodium lead thiosulphate is produced by mixing soln. of sodium thio¬ 
sulphate and lead acetate, and adding alcohol to the mixture. If the soln. are 
cone., the liquid separates into two layers, and when the lower layer is treated 
with more alcohol, it solidifies to a white, amorphous mass of variable composition. 
The heat of soln. of this product indicates that it is a mixture of lead sodium thio¬ 
sulphate and hydrated sodium thiosulphate, and it is probable that some of the 
complex lead sodium thiosulphates previoilsly described were really mixtures of 
the same kind. If the soln. are dil., a white, gelatinous precipitate forms and 
gradually changes to crystalline plates. When dried in vacuo, the crystals arc 
sodium lead trithiosulp^te, PbS203.2Na2S203. The heat of soln. of this com¬ 
pound in a dil. soln. of sodium thiosulphate is — 4*1 Cals, at 10°, and hence its heat 
of formation from its constituent salts is 5*3 Cals. This compound was also pre¬ 
pared by P. Jochum, and C. Lenz. P. Jochum said that the wsalt decomposes at 
30 °- 40 ^ in air; and C. F. Rammelsberg, that out of contact with air, sulphur 
dioxide and sulphur are given off, while a mixture of potassium and lead sulphides 
and sulphates remains. C. Lenz found that the salt is sparingly soluble in water, 
readily soluble in a soln. of sodium acetate; and F. Field, that a mixed soln. of 
sodium thiosulphate and sulphate gives no precipitate with lead nitrate, and when 
the soln. is heated, lead sulphide is precipitated. The salt is soluble in a soln. of 
sodium thiosulphate, and, according to A. and L. Lumi^re and A. Seyewetz, A. Jouve, 
and J. W. Slater, the soln. is decomposed very slowly in tight, and rapidly when 
boiled, depositing lead sulphide. A. Slator measured the rate of reaction of lead 
thiosulphate with ethyl broraoacetate, P. Jochum reported that sodium lead hepta- 
tfaiosnll^te, 5 Na 2 S 2 O 3 . 2 PbS 2 O 3 . 60 H 2 O, is formed in a mass of scaly crystals, by 
adding alcohol to a mixture of a cold cone. soln. of lead acetate and sufficient sodium 
thiosidphate to dissolve the precipitate first formed ; but J. Fogh, and G. Vort.- 
maun and C. Padberg showed that it is not a chemical individual but rather a 
mixture. G. Vortmann and C. Padberg added alcohol to a mixed soln. of lead 
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a<‘(‘tato and an (*xc(‘s> of sodium thiosuljihato sufficiont to dissolve the precipitate 
first formed, and obtained white crystals of sodium lead tetrathiosulphate, 
3Na2S203.Pby203.121120. They nn^asured the e.m.f. of soln. of this c<)ni})lex 
salt; and found the ionization constant \ 2*5 x lO^^for [Na2S203]“| Ph“J[S20;/' |“ 

“=A"[Na2FH)(S203)4. J. Eogh regarded this salt as a mixture ; and he also ma<le a 
similar remark with nvspect to SOdium lead pentathiosulphate, 
l ^HoO, obtained by adding a ct)nc. soln. of lead acetate to a soln. of sodium thio- 
siilphat(' until a turbidity appears, adding alcohol, and allowing the produc t to 
dry in vacuo. C. F. Raniimdsberg jirepared potassium lead trithiosulphate, 
2K2S2D3.PbS2O3.2H2O, in needle like* crystals, as in the case* of the corresponding 
ammonium salt. W. Sjiring found that wlu'n the a(p soln. is boiled, lead sulphide is 
precipitated, and potassium trithionate passes into soln. J. Mayer and H. Eggeling 
obtained rubidium lead trithiosulphate, 2Rb2S2O3.PbS2O3.2H2O, in a similar 
way; likewise also with csesiuui lead trithiosulphate, 2(^828203.PI)S2032H2O, 
which was obtaim'd as the second crop of crystals from a hot, filtered soln. of lead 
thiosulphate in a warm, cone. soln. of caesium thiosulphate ; the first cro[) of needle- 
like crystals was caesium lead dithiosulphate, (^s2S203.PbS203.2H20. (J. F. Ram- 
melsberg found that a clear green precipitate is obtained by mixing soln. of cupric 
acetate and potassium load thiosulphate. It (piiokly turns brown when allowed 
to stand ill its mother-liquid, or exposed to air. J. de Girard obtaim*d a white pre¬ 
cipitate under similar conditions 'with sodium lead tliiosulphatc* and a cone. soln. 
of h'ad aeetat('. The resulting CUprous lead dithiosulphate, 13128203.PbS203,3H20, 
or Pb((’118203)2.3H2O, is freely soluble in water, and rapidly decomposes into 
cuprous and lead sulphides, C. F. Ramnu'lsberg prepared calcium lead tri¬ 
thiosulphate, 2CaS2O3.Pb82O3.4H2O, in white crystals, by adding alcohol to a soln. 
of the (‘onqionent salts; .similarly with strontium lead thiosulphate, and with 
barium lead thiosulphate. 

W. Farmer and J. B. Firth obtained SOdium arsenothiosulphate, presumably 
Na3.\s(S20j)3- intermediate compound in the reduction of the arsenohypo- 

sulphit(' to arsenic trisulphid^*. A. Carnot, and O, Hauser were unable to prepare 
bismuth thiosulphate, but complex salts of the type li3Bi(S203)3.wH20 were readily 
obtained, O. Hauser showed that soln. of these salts contained the complex anion 
Bi{S203)'", which breaks up comparatively easily. K. A. Hofmann and F. Hfichtlen 
also [>repare(l ammonium bismutb decasulpho^thiosulphate, (NH4)4Bi2(82O3)28j0’ 
by shaking together soln. of ammonium ])olysulphide and bismuth chloride in 
absolute alcohol, and allowing the mixture to stand at The black crystals 
wero wa.shed successively with alcohol, ether, carbon disulphide, and ether, and 
dried in vacuo over sulphuric acid. The supposed <*onstitution is : 
(NH 484 )(NH 4 S 203 ) : Bi.8.8.Bi: (NH 484 ){NH 48203 ). 

No report of arscnic thiosulphate has yet ap]»eared. G, Vortmann found 
that in the ]>n'senc(‘ of a sufficient excess of sodium thiosulphate, arscmic trioxide 
is completc'ly eonvertc'd into the sulphide, and the filtrate contains chiefly tetra- 
thionic acid, together with traces of pentathionic acid. With arsenic trioxide in 
excess, however, the reaction is expressed by the equation A8203+f^H2S203 
=A82S3"f3H2S406+3802 f 6H2O. Arsenic acid and sodium thiosulphat^e yield 
arsenic trisujjihide, together with much pentathionic acid and traces of sulphuric 
acid. According to J. von Szilagyi, no complex salts have been made with sodium, 
rubidium, or caesium, but barium seems to form an unstable bfudum afSBIUOUS 
thiosulplmte, Ba3(A8(S203)3}2, existing only in soln. W, Farmer and J. B. Firth 
prepared sodium arseiUOUS thiocolphate, Na3A8(S203)3, as follows: equi-normal 
soln. of potassium hydroxide, and hydrochloric acid were prepared; 25 c.c. of 
the standard alkali, in which a gram of sodium arsenious hyposulphite (I mol) 
and the calculated quantity of sodium sulphite (3 mols) had been dissolved, were 
rapidly added to 25 c.c. of the standard acid containing 2*5 c.c. of cone. acid. 
\ turbidify developed, followed by precipitation of arsenious sulphide. Decom- 
[losition of sodium arsenious hyposulphite in presence of sodium sulphite by this 
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neutralization method is (ousidered to the lead to formation, and rapid decomposi¬ 
tion, of sodium arsenothiosulphate, arsenioiis sulphide being one of the products. 
J. von Szilagyi ]m*pared potassium arseniOOS thio^phate, K3As(S203)3, as a white, 
amor}>hou.s solid, by adding a soln. of 37*24 grms. of crystallized sodium thiosul})hate 
in 60 e e. of water to a soln. of 4*95 grrns. of arsenious oxide; in 35 c.c. of hydro” 
chloric acid of sp. gr. ( 1 * 06 ) and 11*18 grms. of potassium chloride in 30 c.c. of 
water at 3 “. Three volumes of 96 per cent, alcohol are added to the mixture, 
when the double salt is precipitated. It is rapidly filtered and washed with alcohol 
and ether. It is a ])ure while compounrd, which is not very stable in llu‘ moist 
condition ; it is amorj)hous, and is very soluble in water, slightly soluble in 50 per 
c(‘nt. aleohol, and insoluble in absolute alcohol, ether, and chloroform. The sp. 
gr. is 2*292 at 1874 ". Whcui quite dry, it may be preserved, but when moist, wen 
wit h (‘hloroform or ether, it becom(‘s yellow. When the dry salt is heated, it decom- 
pos<\s according to th<‘ equation 2K3As{S203)3'—» 7^ 
k(‘eping or boiling a soln. of the salt it decomposes according to the e(|uation 
2K3 As(8203)3. ‘As 2S3 | F. V. von Hahn failed to prepare a colloidal soln. 

of arsenic pentasulphide by the hydrolysis of the alkali arsenious thiosulphate. 
(L f>anneri obtained thallous arseuious thiosulphat6t Tl3A8(S203)3, by the method 
used for the corresponding bismuth salt. The white compound readily decom})0vse8 
when moist: 2Tl3As(S203)3---Aa203-(-3Tl2S203; 2TI2S2O3 4-2H20- 2Tl2S-b2H2S()4 ; 
ami TI2S f >12864 -H2S+TI2SO4. No antimony thiosulphate has been prepared ; 
G. Vortrnann found that the action of sodium thiosulphate on antimony trichloride 
cf)rres{)onds with that on arsenious acid ; the filtrate from the antimony trisulphide 
contains only traces of sulphuric acid, but much tetrathionic acid. F. J. Faktor 
also observed that a red oxysulphide, SbS02, is precipitated by boiling a soln. of 
})otassium antimonyl tartrate and sodium thiosulpliate ; and when expr>s<*d to 
sunlight it forms 81x2804. The same product is obtained by mixing boiling soln. 
of the two salts. ,J. von Szilagyi obtained a series of complex salts by adding a 
soln. of antimony trioxide in hydrochloric acid (sp. gr. 1*12) to a soln. of sodium 
thiosulphate ami the chloride of the metal concerned at low tem]>., about .r. 
The formation is represented by the equations: SbUl3+H20 -8bO(/l*| 2H( I ; 
8bO('’Lf2H(Jl4-3Na2S203 3 NaCH H20+Na3Sb(8203)3. The salts in all cases, 
except those of sodium, calcium, and strontium, jnay be crystallized at low temp., 
and are precipitated by the addition of 96 per cent, alcohol. Their structure can 
be represented by Bbl'S.SOodlKla, or 8b(O.S()2.SK)3. Sodium smtimonious thio- 
SulphatOy Na3Sb(S203)3, is very soluble and has not been obtaim‘d in the solid 
state ; and when the attempt is made to isolate the compound it d(‘composes : 
2Na38b(8203)3--3Na2S2()3+8b2082 1 4vS02. F. V. von Hahn pre])ared a colloidal 
soln. of antimony pcntasuljdiide (if v.) by the hydrolysis of the sodium salt : 
2Na3Sb(8203)3 - Sb., 8 ^+ 3 Na 2804 -f 3SO2+ 8 . Potassium antimouious thio¬ 
sulphate, K3Sb(82()3)3, forms silk-like, needle-shaped crystals very similar in appear¬ 
ance to asbestos. It is very soluble in water, and on diluting tlu‘ s(3ln. a ver}’^ slight 
turbidity is produced which points to the presence of the complex ion, 8b(S203)3^ . 
On boiling a soln. decomposition occurs, forming the orange-red compound, Sb^OS^j, 
as in the case of the sodium compound. On heating the crystals above 1(K) , the 
decomposition 2K3Sb(8203)3 - Sb2S3+3K2S04+^02+3S takes place. It was 
not possible to isolate calcium antimoiuous thicwndphatc and stronbum wb- 
niOlllOUS thioaulphatc, because they are stable even in soln. for only a short time. 
Barium antunonious thiosulphate, Ba3{Sb(S203)8}2, is not very stable at the 
moment of precipitation ; it is white, but spe^ily becomes yellow owing to decom¬ 
position, G. Canneri prepared thallOUS antimom ous thlCfiulptot©, T l3»Sb( 8203 ) 3 , 
as a white, crystalline powder, by the method used for the bismuth salt. It is 
stable in dry air, but reddens in moist air owing to the reaction : 2ri3Sb(S203)3 
?^^Sb 20 S 2 * 4 “ 4802 —• 1 

F. J. Faktor found that neutral aq. soln. of bismuth salts are quantit^yely 
precipitated by boiling with sodium thiosulphate. 0 . Hauser showed that aouium 
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bismuth thiosulphate, Na3Bi(S203)3, is formed when bismuth nitrate is rubbed 
with excess of sodium thiosulphate. The product is extracted with a mixture of 
alcohol and water ( 1 : 1 ); on addition of more alcohol, the salt is precipitated as 
a yellow oil; which, when placed over sulphuric acid under reduced press., gives 
orange-yellow crystals. The salt is unstable in the dry state, but keeps fairly well 
in alcoholic aq. soln. When a soln. of potassium chloride and one of sodium 
thiosulphate is added to a cooled soln. of bismuth oxide in hydrochloric acid, yellow, 
prismatic crystals of bismuth potassium thiosulphate, K3Bi(S203)3. JH2O, separate. 
One hundred c.c. of soln., sat. at 2 °, contain 3-5 grms. of the salt, and at about 
7 grms. In a vacuum over phosphoric oxide, the anhydrous salt is formed. The 
aq. soln. rapidly decomposes, but soln. containing alkali salts are stable. Sodium 
thiosulphate soln. dissolves more of the salt than does pure water. The thiosulphate 
group in the salt cannot be titrated with iodine. The precipitate of this salt may be 
used for the detection of potassium, but cannot serve for its quantitative estima¬ 
tion. The salt was also prepared by V. Cuisinier. L. Vanino and F. Mussgnug 
obtained small octahedra of stable salt by the interaction of a bismuth-mannitol 
soln. and sodium thiosulphate in the presence of manganese chloride. A. Carnot 
proposed the use of an alcoholic soln. of sodium bismuth thiosulphate as a preci¬ 
pitant for potassium from say a soln. of potassium chloride. The merits of this 
reagent for precipitating potassium in the form of potassium bismuth tldosulphate 
were also examined by G. Campari, C. Pauly, and H. Weber. According to 
0 . Hauser, yellow bismuth rubidium thiosulphate, Rb3Bi(S203)8.|H20, is formed in 
the same way as the potassium salt. It forms a yellow, crystalline powder which 
loses its water of crystallization over phosphoric oxide in a vacuum. When this 
salt is treated with a small quantity of ice-water, it becomes brown with formation 
of the salt Rb3Bi(S203)3,H20. When sodium thiosulphate is mixed with a soln. 
containing caesium nitrate and bismuth nitrate in nitric acid and then alcohol 
added, a yellow, crystalline powder of bismuth caesium thiosulphate, Cs3Bi(S203)3, 
is deposited. It is more stable than the potassium or rubidium salts. L. Vanino 
and F. Mussgnug prepared ammonium bismuth thiosulphate, (NH4)3Bi(S203)3, as 
a yellow precipitate which soon changes colour, and is decomposed by water. The 
copper bismuth thiosulphate, Cu3(Bi(S203)3}2, is precipitated only after adding 
alcohol; silver bismuth thiosulphate, Ag3Bi(S203)3, forms a yellow precipitate which 
rapidly blackens. Barium bismuth thio^phate, Ba3[Bi(S203}3]2, is formed in the 
same way as the potassium salt; it is hydrolyzed very easily. Indistinctly crystal¬ 
line strontium bismuth thiosulphate, Sr3(Bi(S203)}2, obtained by L. Vanino and 
F. Mussgnug, is hydrolyzed by water. G. Canneri prepared thallous bismuth 
thiosulphate, Tl8Bi(S203)3, either from the complex sodium thallous trithiosulphate 
and bismuth chloride, or from potassium bismuth thiosulphate and a thallous 
salt. It forms a sparingly soluble, microcrystalline, yellow powder. It is 
moderately stable in neutral soln. at a low temp., but decomposes with formation 
of sulphur dioxide and bismuth sulphide when gently heated, the decomposition 
being retarded by alcohol and accelerated by a trace of acid. The salt is soluble 
in excess of potassium bismuth thiosulphate soln., yielding a clear liquid, with 
which alcohol forms a microcrystalline, orange-yellow precipit-ate containing both 
thallium and potassium. 

No chromium thiosulphate has been prepared, but P. C. Ray and 
P. B. Sarkar obtained chromium aquotrihydbxxxydioldecammmoth^ 
[Cr(0H)3.2Cr(0H)(NH3)5.H20](8203)2.nH20, in reddish-violet crystals and chro¬ 
mium diaouotrihydr^dUcdeimeamin^^ [Cr(OH)8.Cr(OH)(NH8)g.- 

Cr(0H)(NH3)4H20.H20](S203)2.2H20, in pinkish-violet crystals. According to 
F. J. Faktor, when a soln. of potassium chromate or dichromate, mixed with 
ammonium or magnesium chloride, is boiled with an excess of sodium thiosulphate, 
the chromium is precipitated quantitatively as chromium chromate mixed with a 
little sulphur. A soln. of chromic chloride does not give a quantitative precipitate 
unless a little chromate is also present. A mixture of somum thiosulphate and 
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hydrogen dioxide reduces chromates to chromic hydroxide. No molybdenum 
thiosulphate has been reported. A soln. of sodium thiosulphate reduces ammonium 
molybdate to molybdenum trioxide and the hydrated dioxide. No tungsten 
thiCKmlphate has been prepared. Sodium tungstate with a warm soln. of sodium 
thiosulphate, and a little nitric acid, yields a mixture of tungsten dioxide, trioxide, 
and heptoxide. Soln. of uranyl nitrate and sodium thiosulphate furnish a yellow 
precipitate of uranyl thiosulphate, (U02)S203 —vide uranous chloride. 

G. Vortmann and 0 . Pad berg triturated barium thiosulphate with a cone, 
soln. of manganese sulphate, added alcohol and ether to the filtered soln., and 
allowed it to crystallize. An aq. soln. of the manganous thiosulphate, MnSgOs.bHgO, 
deposits manganese sulphide when boiled. By this method, A. Fock and K. Kliiss 
obtained an oily liquid which decomposed in vacuo. C. F. Rammelsbcrg also 
found that the filtrate from mixed soln. of barium thiosulphate and manganese 
sulphate decomposed when evaporated in air or over cone, sulphuric acid. 
C. F. Rammelsberg, and A. Guerout observed the formation of some manganese 
thiosulphate when sulphur dioxide is passed into water with manganese sulphide 
in suspension ; if the sulphur dioxide be not in excess, the sulphite is formed. For 
W. E. Henderson and H. B. Weiser’s observations on the formation of this salt, 
vide supra, zinc thiosulphate. P. Jochum obtained SOdium manganous trithio- 
sulpham, 2Na2S203.MnS203.16H20, in steel-blue crystals, by adding a mixture 
of alcohol and ether (1 : 2) to a mixed soln. of the component salts. 6. Vortmann 
and C. Padberg’s product, obtained in a similar way, was pale rose-coloured. The 
salt is soluble in water and in aq. alcohol, but not in absolute alcohol; it decom¬ 
poses in air, forming manganese sulphide, and the decomposition is rapid at 40 ®. 
The soln. decomposes on boiling ; and ammonia or potash-lye gives a flesh-coloured 
precipitate. 

According to C. L. Berthollet,!® when iron is immersed in sulphurous acid, 
out of contact with air, it dissolves without evolving gas, forming ferrous sulphite 
and thiosulphate: 2 Fc-f 3 H 2 S 03 =FeS 03 -fFeS203-f3H2O, and the iron becomes 
black and brittle by taking up sulphur. M. J. Fordos and A. G 41 is said that the 
metal dissolves completely in the acid except for a few black flakes arising from 
impurities. A. Vogel, and C. J. Koene found that the sulphurous acid first becomes 
brown, then yellow, and afterwards transparent and colourless owing to the pre¬ 
cipitation of sulphur. No hydrogen sidphide is evolved, but the liquid contains a 
small portion of that gas while it is in the yellow stage. If cone, sulphurous acid 
he used, some of ihe sulphite crystallizes spontaneously from the soln. in a few 
(lays; and M. J. Fordos and A. G^lis added that if the soln. be evaporated and 
cooled out of contact with air, the greater part of the sulphite can be crystallized 
out, and the mother-liquor, when evaporated at ordinary temp, in vacuo, yields 
crystals of terrous thiosulphate, FeS203.5H20, frequently contaminated with 
sulphur and ferrous sulphate. For, if any air has had access to the mother-liquid, 
yellow ferric thiosulphate is formed, which, on evaporation, forms ferrous tetra- 
thionate, which breaks down into ferrous sulphate, sulphur dioxide, and sulphur. 
C. J. Koene separated the sulphite and thiosulphate by washing the product with 
98 per cent, alcohol—in which the thiosulphate is soluble, the sulphite insoluble ; 
allowing the alcoholic soln. to stand a couple of days in contact with iron ribbon ; 
and evaporating the pale green alcoholic soln. in vacuo over sulphuric acid. For 
the preparation of ferrous thiosulphate from the sulphide and sulphurous acid by 
W. E. Henderson and H. B. Weiser, vide supra, zinc thiosulphate. C. F. Rammels¬ 
berg prepared the salt by double decomposition with barium thiosulphate 
and ferrous sulphate soln., and evaporating the filtrate. The green crystals 
may be mixed with some basic ferric thiosulphate. The ferrous salt is also 
formed when sulphur acts on a soln. of ferrous sulphate; though G. Vortmann 
and C. Padberg found that soln. of iron sulphate are not altered when boiled with 
sulphur. The bluish-green crystals of ferrous thiosulphate are very hygroscopic ; 
they are stable if protected from air, but they very readily oxidize, forming a basic 
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ferric hyposulphite as indicated above. In contact with iron, sulphur and sul¬ 
phurous acid are formed. F. J. Faktor observed that soln. of ferrous salts are 
not precipitated on boiling with sodium thiosulphate unless ammonium chloride 
and ammonia are added. The iron then gradually s(‘j)arates as sul])hid(‘. W. Feld 
said that ferrous thiosulphate, free from sodium salts, is })repared by passing 
hydrogen sulphide into a cold soln. of ferrous sulphate and sodium thiosulphate. 
The precipitate of ferrous sulf)hid(‘ and sulphur is coll(‘ct(‘d^ washed with cold 
boiled water, suspended in water, and added slowly to water thnnigh which sul])hur 
dioxide, diluted wdth hydrogtm, is passed, tin' mixture of gases being made more 
dilute as the operation proceeds. The reactions occurririir an* : (i) 2 FeS ] 
--2FeB203+S ; (ii) ¥eS-\-S^(h ; (iii) FeS f- 3 S 0 . FeS^Oo + S. A further 

quantity of the sulphide is tlien added to remove excess of siil]>hur dioxich*, the 
polythionates being reduced at tin* same time : (iv) FckS^Og-} FeS 2F<*8j^()3 4 S ; 
(v).FeS306d~FeS--2FeS^03. Hydrogen sulphide was found by R. F. (.Wpenter 
and E. Linder to form inm disulphidi* ; but, added W. Feld, tlic reactimi is co?nplet(‘ 
only in hot soln. G. Vortmann and C. Padberg obtained sodiom ferrous thio¬ 
sulphate, 3Na2S2O3.FeS2O3.8H2O, in bright green crystals, by preci])itating a mixed 
soln. of ferrous iodide and sodium thiosulphate with alcohol. The salt is very’^ 
soluble in water, and easily decompos(*d. According to A. Vogel, an insoluble 
ferric thiosulphate can be obtained in greenish-white octabedra, by immersing 
steel turnings for 14 days in cone, suljdmrous acid, in a closed vessel, for 14 days, 
pouring off the colourless liquor, and washing the turnings with w^ater. The 
crystals adhere to the surface of the metal. The crystals do not fuse when heated, but 
evolve sulphur dioxide and a litth* sulphur; they become opaque and rust-coloured 
on exposure to air; they effervesce with the evolution of sulphur dioxide* when 
treated with hydrochloric acid, and the resulting yellow liquid deposits sulphur ; 
and they are insoluble in hot or cold water, but they are dissolved slowly by 
sulphurous acid. F. J. Faktor found that neutral soln. of ferric salts are first 
coloured violet by sodium thiosulphate, but gradually assume a yellow or brownish- 
yellow colour, which is not altered on prolonged boiling. If, liowever, a little 
ammonia is added, a greenish-black precipitatt* is formed, whi(‘h on contiinied 
boiling yields blaekish-brown, granular, ferrosic hydroxidf*. The pr(*ci])itation 
does not seem to be complete. J. Holluta and A. Martini represented the 
meclianism of the reduction of ferric salts by sodium thiosulphate as follows : 
(i) Fe-+2HS203'KFe(S203)2]'+2H' ; (ii) iFefSaOg).]'--! Fe*’- 2 Fe *-4 84 <V' ; 
(iii) H’-f»S406''-~HS406'. The reaction is retarded by the addition of acids 

in a similar way to the action of neutral salts ; with an excess of acid, the 
reaction (i) goes from right to l(‘ft, whereas a small amount of acid ( 0*05 mol 
per litre) increases the cone, of the ferric ions by repressing hydrolysis and con¬ 
sequently accelerating reaction (ii). As the acidity of the soln. increases, a side 
reaction of the fourth order conunenccs to take ])lace, thus, (iv) 2 Fe ‘4-2HS203' 
—2Fe’‘-hHS4()(j'+H‘, and when the aridity exceeds 0 * 5 V this becomes the sole 
reaction that takes place. With very high acidity, the thiosulphate slowly 
decomposes into sulphite and sulphur and the velocity constant of (iv) rapidly 
falls. 

C. F. Rammelsberg obtained cobalt thi 08 lllphata» C0S2O3.6H2O, by treating 
a sola, of cobalt sulphate with strontium thiosulphate, and evaporating the filtrate 
at a gentle heat. Towards the end of the evaporation, the liquid turns blue, and 
becomes turbid through the deposition of sulphur; and finally it furnisher red, 
prismatic crystals, which, according to A. Fork and K. Klliss, are triclinic with 
the axial ratios u:b: c=^ 0*8381 : 1 : 0 ' 736 (), and a “ 91 ” 52 '; j 8 “ 92 ” 2 '; and 
y— 83 ” 28 '. The salt was ahw> made by E, A. Letts. (L Vortmann and C. Padberg 
obtained sodilim cobalt tetrathiosulphate, 3Na2H203.(k>8203.15H20, by adding 
alcohol to a mixed soln. of cobalt chloride and sodium thiosulphat<‘; the ]>re- 
cipitated oily liquid dries in a desiccator to a gummy mass. P. Jochum also 
rej>ortod sodliuil cobalt beptathiogolphate, 5Na2B203.2CoS203.25H20, prepared in 
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<in analogous inuniK'r, but G. V^ortiuaiiii and C. JWborg wen* unable to coafinn 
ibs exiHt( n( e, T. R. Ray [)rej)ar(*d oobaltic thiosulphatopentamminothiosulphate, 

I ( V)(NH;j)5(S^O.j)|^S^()3.}L0, by tli(‘ ])assago of a current of air into a sola, of cobalt 
bydroxid(‘, annnouinni 1 hiosulpliate, and ammonia. Tin* ])iir]>le crystals an* 
sparingly solublt* in vvat(‘r, and ar(‘ decomposed by mineral acids; when treat(‘d with 
an (*xc(‘ss <d ('t hylendiamine at 60 '', soluble, yellow cobaltic txisethyienediaminino-’ 
thiosulphate, [('<> is formed. The filtrate remaining after the separa¬ 

tion of the ihiosulphatopentamminothiosulphate, was treated with a current of 
air until it ikj longer smelt of ammonia. After standing some time, it 
d< [)osit(‘(i yellowisli brown (rystals of cobaltic sulphitopentamminothiosulpbate, 
[(\>(NH3)5S()3]2S2()3, and a h<‘Tnitrihydrated variety was also formed. When a 
curn‘nt of air is j)asse(l through an ammoniacal soln. of cobalt chloride, ammonium 
(‘hloride, and sodium tliioHnl])hat<‘, yellow crystals of cobaltic hexaiuminochloro- 
thiosulphate, LGo(NH3)(j 1('1(S2()3), an* fornu'd ; if a larger pro2X)rtion of ammonium 
chloride and less thiosulphat(‘ an* <*m]>loyed, CObaltiC tlhosulphatopentaminino- 
Chloride, [15:)(NH3)5(8203)J(1, is form(‘<i. When this salt is treated with 
sodium bromid(\ rerl crystals of cobaltic thiosulphatopentamminobroxnide, 
[(’o(NH3)5(H203)]Br, are formed; anrl with potassium iodide, CObaltiC thiosulphato- 
pentamiuinoiodide, [G()(NH3)5(S203)]I, is formed. If the co})altic pentamrninothio- 
Hulphate be treated with a soln. of potassium cyanide, potassImn pent(vcyani(lothio~ 
sa^phat(\ K4[(>i(S 203)(('N)5J, is formed ; and if treated with a warm cone. soln. of 
sodium nitrite, cohabit* triamminotrinitrite, [Co(N02)3(NH3)3j, is formed. When 
air is ])asH(‘d into an ammoniacal soln. of cobalt nitrate, ammonium nitrate, and 
sodium t hiosulphatt*. puride-red crystals of cobaltictliiosalphatopentamimnonitrate, 
[('o(Nll3)a(S2()3)]N()3, an* formed ; and if sodium dithionate is added to a 4 per 
(‘cut. ammonia soln. of the nitrate, purple-red crystals of cobaltic thiosulphato- 
pentamminodithionate, IGo(NH 3)5(S2()3) 128206, are formed. When potassium 
clironmte is added to a soln. of the chloricle, red, silky needles of cobaltic thiosulpha- 
topentamminochromate, LGo(NH3)5(S2()3)]20r04, an* formed. Air passed through 
an ammoniacal soln. of cobalt hydroxhle, ammonium thiosulphate, and sodium 
nitritt* furnishes brownish-yellow crystals of cobaltic xutritopeutaminmotllio* 
sulphate, [0o(JSH3)5(N()2)]S203. F. J. Faktor observed that when cobalt salts are 
treated with a mixture of sodium thiosulphate and hydrogen dioxide, a black 
])rccipitate is formed. P. R. Ray ]>repared some thiosulphatocyanides. 

F. J. Faktor found that when nickel salts are treated with a mixture of sodium 
thiosul})hate and hydrogen dioxide, a j)ale green precipitate is formed. When boiled 
with a soln. of sodium thiosulphate, nickel and cobalt salts give* the sulphides, but the 
]precipitation is never complete. According to M. J. Fordos and A. Gelis, nickel, 
like zinc, dissohxis in sulphurous acid, without the evolution of gas, forming nickel 
sulphite and hyposulphate. The green soln. on evaporation, deposits crystals 
of the sulphite, and afterwards crystals of nickel thiosulphate, >S203.6H20, 
while the mother-liquor is resolved by heat into sulphur, and nickel sulphide and 
sulphate. C. F. Rammelsberg evaporated over sulphuric acid the filtrate from a 
mixed soln. of strontium hyposulphate and nickel sulphate. There is a slight 
decomposition of the liquid attended by the separation of nickel sulphide. The 
crystals yield a semi-fluid mass below 100°, and as the temp, rises give off water, 
sulphur, and sulphur dioxide leaving a residue of nickel sulphides. The salt was 
also made by E. A. Letts. According to C. F. Rammelsberg, if a cone. soln. of the 
salt be sat. with ammonia, and the blue liquid treated with alcohol, crystals of 
nickel tetninmiinothiosulphate, NiS2O3.4NH3.6H2O, are formed ; F. Ephraim gave 
NiS203,5NH3.n20 ; and G. Vortmann and C. Padberg, Ni2S2O3.6NH3.3H2O. Th(* 
blue crystalline powder soon turns green on exposure to air. P. Jochum reported 
pale green plates of sodiuin nickd heptathiosulphate, 5Na2S203.2Ni8203.25H20, 
to be formed by adding alcohol to an ammoniacal soln, of a nickel salt 
mixinl with sodium thiosulphate. L. Cambi and A. Clerici studied the action of 
nitric oxide on nickel thiosulphate, and also prepared potftSSium nickel nitrosyl- 
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thiasalphate, K3[(N0)Ni(S203)ji].2Hi,0 : it is hero assumed that the salt contains 
a hyponitrous residue: 


Ni 


NO 

NO 



P. Schottlauder 20 dissolved ainmoniiiin chloroplatinate in a cone. aq. solii. 
of sodium thiosulphate, and found that the clear soln. soon became turbid and 
deposited platinum mixed with sulphur. If alcohol be added to the clear solu., a 
yellow oil is precipitated which forms a mass of yellow crystals of SOdlum platinous 
tetmtMosillphate* 3Na2S2O3.PtS203.10H2O. P. Jochum obtained a similar salt. 
The orange-yellow cr^^stalline mass decomposes at 100°. It is freely soluble in 
water ; and the soln. is not changed by boiling with soda-lye. Hydrogen sulphide 
gives no precipitate with the neutral soln. or the cold soln. acidified with hydro¬ 
chloric acid. Hydrochloric acid very slowly decomposes the cold soln. and more 
quickly when heated giving of! sulphur dioxide and depositing platinic di8ulj)hide. 
P. Jochum precipitated the yellow oil as indicated above, allowed it to crystallize 
under absolute alcohol, and thus obtained sodium platinous pentathiosulphate, 
4Na2S203.PtS203.10H20. He also obtained yellow needles of sodium platinous 
heptethiosulphate, 6Na2S2()3.PtS203.HHL0, by neutralizing as nearly as possible* 
a soln. of hydrochloroplatinic acid with sodium carbonate, adding an (‘qual vol. 
of a cone. soln. of sodium thiosuI])hate, precipitating with alcohol, and crystal¬ 
lizing under absolute alcohol. i\ Kudelius reported phiimwi di'propyhulphiriO' 
dith iosulphatey [ Pt {(C3H 7)oS)o (8303)2]. 
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§ 39. The Polythionic Acids 

The polythionic acids are taken to include a series of acids with the general 
formula H2S„0e, where n ranges from 2 to possibly 6 ; for example, there are : 
dithionic acid, H2S20(i; trithionic acid, H2S3O0; tetrathionic acid, H2S4O0; 
pentathionic acid, 112^506 i hexathionic acid, H2S6O6. They are formed 

when sulphur dioxide, water, and sulphur in statu nascendi react with one another 
under different conditions. J. Dalton ^ observed that when moist sulphur dioxide 
and hydrogen sulphide react on one another in the gaseous state, or in aq. soln., 
they produce an acid which he thought to be represented by the particles causing 
the turbidity of the liquid. J. Dalton said : 

When sulphuretted hydrogen and sulplnirous acui an^ mixud over Tnerniry in the pro¬ 
portion of six rnoasuroa of the former to live of the latter, both gases lo,->o their elasticity, 
and a solid is deposited on the sides of the tube. The common explanation givtm ot this 
fact is that ilio hydrogen of one geig unites to the oxygcai of the otlier to form water, and 
the sulphur of both gase.s is procijiitated. This explanation is not correct ; water is indeed 
fonned, as stated ; but the deposition consists of a mixture of solid bodies, the one sulphur, 
the other sulidiuroiis oxide; they may be distinguished by their colour; the former is 
yellow, the latttu’ bluish-white, and when they are both thrown into water, the former 
soon falls down, but the latter remains for a long time suspended in the water and gives 
it a milky a}>pearanco, which it retains after filtration. Again, if water impregnated with 
each of the gases, be mixed together till a mutual saturation takes place or until the smell 
of neither gas is observed after agitation, a milky liquid is obtained which may be kept for 
some weeks without any sensible change or tendency to precipitation. Its taste is bitter 
and somewhat acid, very different from a mixture of sulphur and water. W’hen boiled, 
sulphur is precipitated, and sulphuric avid is found in the clear liquid. Tlie milkiness of 
the liquid seems owing, therefore, to the oxide of sulphur. 

T. Thomson regarded the acid component of the liquid as a sulphosulpfturous 
acid. M. Cluzel, and W, Schmid showed that the dry gases—hydrogen sulphide 
and sulphur dioxide—do not react. H. W. F. Wackenrodcr suspected the pre¬ 
sence of pentathionic acid in the products of the action of hydrogen p’ulphide on an 
aq. soln. of sulphurous acid. This soln, was afterwards called Wackenroder^S 
liQLOid, although it had previously been prepared by many others— vide colloidal 
sulphur. This liquid was prepared by H. Debus in the following manner : 

A alow current of hyiirogen sulphide is passed for 2 hrs., a few* degrees above 0®, through 
480 c.c. of a nearly sat. sohi. of sulphurous acid ; th© liquid, still containing a large excess 
of sulphurous acid, is kept for 48 hrs. in a closed Bask at ordinary temp. The operation 
is repeated ; and continued until all the sulphurous acid is decomposed. This occupi^ 
about 2 weeks. If the current of hydrogen sulphide is discontinued as soon as the liquid 
ceases to smell of sulphurous acid, and th© Bask removed from the cold water by which 
it is surrounded, and allowed to stand for a few hours at ordinary temp., it will smell strongly 
of sulphur dioxide ; the treatment with hydrogen sulphide must then be repeated until, 
after standing a few hours, the soln. no longer smells of sulphur dioxide. The turbid 
liquid contains a largo precipitate of sulphur which is separated by filtration. The turbid 
Hquid cannot bo clarified by filtration through filter-paper. In a bottle of about an inch 
diameter, it appears semi-transparent; and of a reddish-brown colour in transmitted 
light. It becomes more transparent on warming and more ojiaque on cooling. 

A. Sobrero and F, Selmi, and T. Curtius and F. Henkel observed that besides 
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[)otitat]ii(uiic acid, the liquid contains tetrathionic, thiosulphuric, and sulphuric 
acids, hut M. J. Fordns and A. Gclis said that these substances are decomposition 
])roflu(‘ts of pentatldonic .icid. V, !h L(‘wos half neutralized Wackenroder’s liquid 
with hariiiin hydroxide, ;nid ohtaiiu'd a deposit of barium tetrathioiiate on evapo- 
ratiuiTthe liquid in vacuo ; this was followed by a cn)p of mixed tetrathionate and 
petitathioiiate,and finallv a crop of the pentathionate (Tystals alom*. Analyses of the 
iMt io of hydroit<‘u to sul})liur were found by F. Kessler, T. Takamatsu and W. Smith, 
and R. Lewcv to aeree with 2 : 5 . This does not necessarily (\stablish the exist- 
(*nc»' of pentathioiiic a('id, b(‘cause the sam<* ratio could be obtaiiK^d with mixtures 
<d hexathionic acid and trithionie or tetrathionic acid. II. Debus gave for th(‘ ratio 
H : S ; 0 2 : o : (>. In ord(‘r to determine the composition of Wackenroder's 

Ihjind, 11. l)(‘hus examifKHl the metal salts which can be obtained from tlie li(juid. 
He proved that the li([iiid contains (i) small drops of sulphur in suspension ; 
(ii) sulphur in e e<'lloidal state which he regarded as an allotropic modification 
8 -sulpluir (q.r.) ; (lii) sulj)]iuric acid ; (ivl traces of trithionie acid ; (v) tetra¬ 
thionic arid : (vi) ]H‘ntathionic acid , and (vii) a polythionic acid with more 
siil[)hiir than flu* pentathionic acid- -probably hexathionic acid. 

H. Debus showed that hydrogen sulphide and suljdmr dioxide in the presence 
of water reaet with the separation ot sulphur. Pentathionic acid is not the direct 
]u*odu(‘t of this reaction beiuiitse the gnaiter part of the pentathionic acid is only 
slowly formed when a sojn. of stdphnrotis arid partially decomposed by hydrogen 
''udidiidr is k<*pt for o to 1 lirs* Such a soln. yielded K2S40(^; : 1 by 

weiglit ; if tTM'ated twie<‘ ^vilh hydrogem sulphide for H hrs. on separate days, lhe‘ 
ratio was ♦> : 2 : and if tr(‘ated few 2 Jirs. e'ight times on se*parate days, 6 : 6. The 
be-^ Yie ld of pemtathionic a('i<l is obtaiinal whem tle^ liydrogen sulphide is passed 
b e»r t) tinu's with 3G bS hour irdervals. The quantity of tetrathionic acid formed 
IN iudeqieuflent of the time‘ of preparation, and it is thtwefore inferred that tetra- 
thionic ae iej is a dire-et product of the actimi of hydrogen sul]>hide on sulphurous 
acid: dSO.jd lLjS4()e. If sulphurous acid, and hydrogen sul[)hide had no 

action on tetrathionic acid, this would be the sole ]>roduct of tin* reaction ; but 
both tliese' agemts decompose tetrathionic acid yielding a complex mixture* of ])ro 
ducts. Se) long as tlie* suljihurous acid is in great excess, as at the be*ginning of tin* 
o])<*ration, most of the hyeJroge'n sulphide reacts with the sulphurous acid, forming 
tetrathieuiie aciel. The tetrathionic acid slowly react.s with free sulphurous acid, 
forming trithionie and thiejsulphuric acids. The reaction is reversible, and attains 
iL limit. Thr ihirtsnlphuric acid can then react with tetrathionic acid to form 
pentathionic acid, so that the liquid now contains sulphurous, thiosulphuric, tri- 
thionic, tetrathionic, and ])entathionic acids. When hydrogen sulphide is passed 
into the liquid until all the sulphurous acid i« decomposed, the hydrogen sulphide 
attacks the tetrathionic acid, forming water and sulphur. This sulphur, in statu 
nasci ndi, converts trithionie into tetrathionic acid : tetrathionic into pentathionic 
acid ; and pentathionic into hexathionic acid. The moment all the sulphurous 
arid disappi'ars, all the trithionie acid will have been converted into the tetra¬ 
thionic acid. Another part of the sulphur produced by the action of hydrogen 
sulphide on tfdrathionic acid remains in soln. as colloidal or S-sulphur, and part 
.‘separates as a precipitate or suspension. If the hydrogen sulphide is passed through 
the sulphurous acid with intcTTuptions of several hours’ duration, the condensation 
nf thioHulphuric acid to pentathionic acid occurs so that the proportioii of penta¬ 
thionic acid is increased fiv^e or six times ; and if tlie passage of hydrogen sulphide 
be continued after all the sulphurous acid has disappeared, aad until it ceases to 
act on the pol}i:bionic acids present, then water and stilphur will be the final 
products of the decomposition. Any sulphuric acid which may be formed is due 
to the atmospheric oxidation of sulphurous acid. 

Hence, //. Dehus's theory of the formation of Wackenroder's liouid is that tetra- 
fhionic acid is a direct product of the action of hydrogen sulphide on sulphurous acid ; 
and that the other acids are derived fror.i the tetrathionic acid hy a series of subsequent 
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reactions, Sinro a rurifjit of hydrogen siilpliide nltimat^Iy irarhsfornis Wack<*n 
roder’s liquid into sul}>liiir and water, so that tlje final ))roduct of the naiction 
b(*twt‘en hydrog(‘ri sulpiiide and sulphur dioxide uin be r('pn‘s< nti'd : 
i 38 -j 21 L^O, tin' jiolythionin achls are inlemiediatf* jirodnrts between thi* C'rigiiial 
materials sulphur dioxidi*, hydrogiui sulphide, and water- and final prodm t^ 
.sulj)hur and wat(‘r vide infra, trithioiiic acid, and vide .supra, thiosulphuri^* aeul 

A number of explanations of tlie action of hydrogtm sulphide on Bulpliuion^ 
acid are basi'd on the formation of intermediate coinjioiinds. H. Bassett and 
[{. (\. Durrant nqirescmted the first stage of the reaction betvv»M*n suljdiurou^ acul 
and hydrogen sulphide by H28-HH2S2O5—HO S. 0 . 8 .(.)H+ 8 ( 0 H)o. Henc<', 
sulplioxylic acid and its pyroderivative represent the first jirodiiets of tho reaction 
The suljihoxylic acid reacts with hydrogen suljihide to form sul]>hur 
8(OH)2+H2S^>-2fLO -{*28 ; and the freshly-formed suljihur is in a favimrable 
condition for reacting with sulphurous acid to form thiosulphiiric acid : 
S ^-H2S03^”H2Bo03, which is relatively stable in diL, feebly acia soln. Tritbioim 
acid is formed from the thiosulphuric acid : 2H28203v-H2S-f-H2S;iOc, and some 
tritliionato may be formed from sulphurous and sulplioxylic acids : 

2S(0H)2 -{ H.HSO3- H2O f HO.SO2.S.SO2.OH. F. Forster and R. Vogel suggest (m I 
the reaction : SO 4-2HS03'~S30c''+H20 for the trithionate formation. H. Basset t 
and R. G. Durrant found that traces of polythionates are produced by sliaking 
sulphurous acid with a soln. of sulphur in benzene ; and by passing sulphur dioxide 
and sulphur vapour simultaneously into water a soln. containing 0*32iV-H280j, 
and 0-01N- with respect to a mixture of trithionic and terrathionic acid was obtains 1. 
F. Forster and K. Centner also conclude that some trithionate is formed diroctl}’ . 
S2O8" b 4 :HS 03 ' 4 - 2 H'~- 2 S 306 "-f 3 HoO, and not by the degradation of penta- 
thionic acid. The hypothesis of H. Bassett and K. G. Durrant can be adapted 
to explain the results of H. Debus, and of E. H. Riesenfeld and G. W. Feld, as well 
as thediypothesis based on the primary formation of sulphoxylic acid : n2S03+H28 
v-^H2S()2-f HgSO : or the hypothesis of E. H. Riesenfeld and G. W. Feld based on 
the primary reaction : H2S+2H2SO3 -3(HO)28(or SO+H2O); or the hypothesis 
of F. Forster and A. Hornig based on the primary reaction * H2S+H2SO3 
^ 4I2S2O24 H2O. No proof of the primary formation of sulphoxylic acid is possible 
other than the bleaching of indigo, or methylene-blue by sulphurous acid freshly 
treated with hydrogen sulphide. The bleaching oJ indigo by these soln. was first 
observed by W. Spring. The test is ambiguous for the bleaching also occurs 
with hyposulphurous acid. F, Rashig, E, H. Riesenfeld and G. W. Feld, F. Forster 
and co-workers, and A. Kurtenacker and M. Kaufmann have suggested hypotheses 
in which pentathionic acid is the first formed thionic acid. According to H. Bassett 
and R. G. Durrant’s hypothesis, the first thionic acid to appear during the decom¬ 
position of thiosulphate is trithionic acid, and this is usually accompanied by some 
tetratbionic acid, and in a very short time by some pentathionic acid. Penta¬ 
thionic acid is the last thionic acid to be formed, trithionic acid the first. When 
hydrogen sulphide and sulphurous acid react in dil. soln., trithionic acid is the first 
thionic acid to appear, and tetrathionic and pentathionic acids are built up 
from trithionic acid by the assimilation of sulphur : H2S806-I 8 =^- HoS40^j; and 
H2S4O6+S-H286O6. 

As just indicated, E. Heinze supposed that sulphoxylic acid, H2SO2, the acid 
of the anhydride SO, and the acid H2SO of the anhydride S2O, is first formed. 
He said that when aq. soln. of sulphur dioxide and hydrogen sulphide interact, 
the former behaves like sulphurous acid not sulphur dioxide, and sets up the rever¬ 
sible primary reaction: H2S03-fH2S^H2S02+H2S0, and the precipitation of 
sulphxir is caused by the decomposition of the compound H2SO, which is assumed 
to be of the hydrogen dioxide type. This compound is also supposed to be formed 
by the further action of hydrogen sulphide on the sulphoxylic acid, thus: 
H2S02+H28^-2H2S0. Consequently, the final result of the interaction of one 
mol. of sulphurous acid with two mols. of hydrogen sulphide is given by the equation 
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2H2S+SOo= 3S f 2H2O. The reaction is completed, however, only after several 
months. The final state is reached more quickly in presence of an excess of 
hydrogen sulphide. Hydrogen sulphide also reacts with polythionic acids to form 
sulphur and water. When excess of sulphurous acid is present, less sulphur is 
precipitated and more polythionic acid formed. After about a day, a condition 
of equilibrium obtains. If, now, the precipitated sulphur is filtered off and the 
excess of sulphur dioxide removed by a current of nitrogen, in a short time more 
sulphur comes down and sulphur dioxide again appears in the soln. The sulphur, 
when once precipitated, takes no further part in the process, and the reversible 
reactions are supposed to involve the polythionic acids, sulphurous acid, and the 
compounds H,S02 and HoSO, thus: (i) H.>S02+S02^H2So04; (ii) HgSO 
+H2S03r^H2S203+H>0 ; (hi) H2S204+H2S2d3^H2S4064-H26 ; (iv) H2S4O0 
+1128203^1128506+H2SO3. \\hth increasing cone, of sulphur dioxide, the pro¬ 
portion of tetrathionic acid increases, whilst that of pentathionic acid decreases. 
This is attributed to the dehydration of the sulphurous acid owing to the increasing 
acidity of the soln., with consequent increase in the production of II2S2O4 by 
equation (i). When soln. containing an excess of sulphur dioxide arc allowed to 


remain for several weeks, increasing quantities of sulphuric acid are formed. 
Possibly, it is due to the decomposition of Iritbionic acid, which may be formed 
in small quantities and is known to decompose into sulphuric acid, sulphgr dioxide, 
and free sulphur. E. H. Kiesenfeld and G. W. Feld found that at 0"^, the optimum 
ratio for polythionati* formation was 28O2 : HoS, and with the ratio SOo : 2H28, 
all the sulphur was precipitated in the elementary form. Immediately after the 
preparation of the soln. 28O2 : H28, there is evidence of the formation of an inter¬ 
mediate compound w+ich can be precipitated at a low temp, as the barium salt; 
in soln., the intermediate compound changes to thiosul])hate. The proportion 
of tri- and tetra-thionic acids formed after 14 days depends on the cone, of the 
sulphur dioxide. A low concentration of sulphur dioxide favours the tetrathionate. 
The proportion of pimtathionate is practically constant. This docs not agree* 
with E. Heinze’s conclusions. The sulphuric acid which is always formed r<‘aches 
a inaximiini near the commencement of the reaidion ; it must therefore be formed 
from the intermediate compound, not by oxidation of the polythionic acids. Of 
the three yiolythionic acids, the tetrathionic acid is the least stable and decomposes 
relatively quickly into tri- and penta-thionic acids. The trithionic acid decomposes 
more slowly with formation of sulphur dioxide, whilst pentathionic acid decomposes 
only in the course of months with separation of sulphur. The order of stability 
is the same in neutral as in acid soln.; in alkaline soln., all the polythionates decom¬ 
pose quickly into thiosulphate and sulphite. The phenomena observed are 
explained on the assumption that the intermediate compound is a hydrate of the 
unknown sulphur iiionoxidc» SO This is stable in acid soln. for a time, but in 
neutral or alkaline soln. quickly forms thiosulphate. In acid soln., it slowly 
polymerizes to pentathionic acid. By combination with sulphurous acid it forms 
tri- and tetra-thionic acids: 3S0+H2S03-H2S406 ; SO f2S02+H20-H2^06. 
By hydrogen sulphide, it is reduced to sulphur. F. Forster assumed that in aq. 
soln. there is a state of equilibrium between sulphoxylic acid and its hypothetical 
anhydride, H2S0^~80+H20; and that the other sulphur acids are formed by re¬ 
actions: (i)S0-fH28-28+H20; (ii) 2S0+H20-S203"+2H*; (iii) 8O+2H8O3' 
"=8205 +H2O ; and (iv) SO+2HS2O3'—S5O0"+H26. He also assumed that the 
initial reactions in the formation of Wackenroder’s soln. involve HgS+HgSOg 

^^.®2(.®^^2+H2S03+H^ and S2(0H)2 

+H28^2H20+3S. Equation (iii) is preferred to that suggested by H. Bassett 
and R. G. Durrant for the formation of trithionic acid, F. Forster and E. T. Momm¬ 
sen, and F. Forster and A. Hormg represented the reaction between sulphurous acid 
and hydrogen sulphide as a balanced process involving the intermediate formation 
of the hypothetical H2S2O2, thus: H2S+H2803^H28202+H20; but a further 
reaction with hydrogen sulphide produces sulphur, while an excess of sulphurous 
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acid produces pentatliionic acid. They added that the trithionates arc least stable, 
the tetrathionates the most stable. None of the polythionic acids is stable in 
aq. soln., and the following decompositions occur in soln.: S50e"^S40r/'’4 S: 

S306''-FH,0-S0/W-S203''+2H;; TIh‘ 

insolubility of sulphur removes it from the equilibrium, and at boiling teni]). 
the sulphur dioxide is removed and SO4" is alone left in soln.; side reactions wer(‘ 
also found to take place. The more sulphur dioxide and sulphur there remains 
in the soln., the greater is the tendency of thiosulphuric acid to polymerize, e.y. 
Sa 06 "+S 203 "+H\-^S 40 ,"+HS 03 '; S 406 "+S 203 "+H\^>S 50 o"+HS 03 '. A Idgh 
cone, of hydrogemion retards the decomposition of tetra- and penta-thionic acids, 
but not of tritliionic acid. F. Forster also said that in addition to the formation 


of thiosulphate: 280+1120^=^8203"+2H*, tl)e intermediate product, sulphur 

monoxide, may produce polythionic acids by other changes, e.g. 80+2S203"+2ir 
“^^506''+H20 ; and 80 ~f 2HS03'-=S30o''+H20, analogous to what is known in 
the case of selenium monoxide. For the development of thiosulphates, vide sodium 
thiosulphates. E. Josephy said that tetrathionic acid is a direct product of the 
reaction: 3S02't-1128-= 112840(5, whilst the sulphur formed in the reaction: 
802 + 2 H 28 ~ 3 S-f2H2O, also reacts with sulphur dioxide: 58 + 5802+21120 
"2II2S5O6. Pentathionic acid can also be formed by the action of the sulphur 
and sulphur dioxide produced when a thiosulphate is treated with an acid. These 
reactions, added E. Josephy, explain all the cases of polythionate formation without 
assuming hypothetical intermediate products. The case of the intermediate 
compound was defended by E. H. Eiesenfeld, and F. Forster ; F. Rascliig, likewise, 
supposed that in the formation of pentathionic acid from hydrogen sulphide and 
sulphurous acid, 802 + 1128 = 80 + 8 + 1120 , five SO-groups condense with the 
addition of water. The alternative reaction H 2 S+ 2802 ~ 3 S 0 +H 20 is excluded ; 
while if hydrogen sulphide is in excess, the reaction proceeds smoothly: 
2H2S+SO2 —38 f 2H2O. Hyposulphurous acid is not formed. 

W. R. Lang and C. M, Carson showed that if very little moisture be present, 
the two gases—hydrogen sulphide and sulphur dioxide—react to form sulphur 
and water: 2H28+SO2 ™3S+2H20. The sulphur, water, and sulphurous acid 
then react to form polythionic acids. This subject is further discussed in connection 
with the action of hydrogen sulphide on sulphurous acid. W. Pctzold sum¬ 
marized his ideas of the interrelations of the polythionic acids in Wackenroder’s 
soln. by the scheme : 
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liomogeneous, but after 5 mins., a ring of yeDow particles appears on the edges and 
grows towards the centre of the drop. The deposit is composed of minute drops 
of sulphur; and is greater than the amount of sulphur in suspension. Hence, it 
is produced by the precipitation of dissolved sulphur. The addition of a little 
water causes this sulphur to dissolve. Carbon disulphide, benzene, ether, olive 
oil, chloroform, or tannin do not clear the liquid, but powder of charcoal, barium 
carbonate, alkalies, a cone. soln. of liydroelilorie acid, nitric acid, and potassium 
nitrate cause complete precipitation of the sulpliur in suspension and soln. The 
addition of much water causes th(' emulsion to become almost clear; at least, in 
layers of an inch in thickness, it appears perfectly clear, transparent, and slightly 
yellow. Soln. of saltpetre produced in this dil., clear liquid a copious precipitate 
of sulphur. The drops of sulphur in susjiension in the emulsion appear, therefore, 
to be soluble in much water. Wackenroder’s soln. can be concentrated on a wat(‘r- 
bath without decomposition until it reaches a sp. gr. 1 * 32 . The d-sulphur is all 
coagulated before it reaches this point of cone. Further evaporation on the water- 
bath causes evolution of sulpluiroiis acid and precipitation of sulphur. Under 
reduced press., over pieces of potassium hydroxide, the liquid can be concentrated 
to a sp. gr. U 46 . This liquid is regarded by H. W. F. Wackenroder, F. Kessler, 
r. Takamatsu and W. Smith, and V. B. Lewes as pentatliionic acid. W. Sj)ring 
regarded it as a soln. of sulphur in tetrathionic acid. H. Debus added that Wacken¬ 
roder’s liquid of the sp. gr. 1 * 46 , is a colourless, transparent, oily liquid of great 
refractive power and intensely acid. It destroys the coherence of the fibres of 
filtering-paper, and can only be filtered when of sp. gr. lower than 1*4. A sample 
of sp. gr. 1*3 was kept in a dark place for 3 months without apparent change ; 
a slow decomposition then occurred with the evolution of sulphur dioxide and the 
separation of sulphur. The decomposition was not completed in two years. The 
potassium salts or the acids in Wackenroder's liquid decompose into trithionic 
acid with the separation of sulphur: HgSgOe-HAOo+S; 2H2S4O6-H2S5O6 
; and the trithionic acid decomposes into sulphuric acid, sulphur 
dioxide and sulphur: H2S30(j=H2S04+S02+S. The liberated sulphur, however, 
^combines with the undecomposed trithionic acid re-forming tetrathionic acid : 
HaSaOe+S—HjSiOe, or pentathionic acid : H2S80(,+2S=H2S50 b. The reactions 
are reversible, taking place in opposite directions with equal facility. This be¬ 
haviour, said H. Debus, is connected with their heats of formation since J. Thomsen 
found that: 


IWthioiiic acid, {8„0„Aq.) . 

Trithionic acid, (S„0«,Aq,) . 
Tetrathionic, (8*,0*,Aq.) 
Pentathionic acid, (8*,Og,Aq.) 


Calfl. Difference. 

. 211-08 — 

201-76 9-32 

192-43 9-32 

183-11 9-32 


This shows that the difierent sulphur atoms are of equal thermochemical value. 
According to M. Berthelot, the heat developed per atom of oxygen is practically 
constant, meaning that the combination of oxygen with sulphur develops practically 
the^me quantity of heat whatever be the degree of condensation of the sulphur. 
M. Berthelot found that the heats of formation are : 


Dithionic acid (2S,04,H,0,Aq,) 
Trithionic add (SS,05,H,0,Aq.) 
Tetrathionic acid (4S,0^H,0,Aq,). 
Pentathionic acid (68,05,HjO.Aq.). 


Cal«. 

206-8 

211-4 

206-2 

216-8 


H. Debus said that J. Thomsen’s data show that the heat developed during the 
formation of the polythionic acids from water and the elements become less and 
less as the acids become richer in sulphur. When trithionic acid unites with an 
atom of sulphur 9*33 Cals, are rendered latent, and the same quantity of energy is 
rendered latent when tetrathionic acid unites with an atom of sulphur to form 
pentethionic acid, so that the compounds are endothermic with regard to these 
sulphur atoms. A sulphur atom which detaches itself from a mol of tetrathionio 
acid carries away an amount of energy corresponding with about 9*33 Cals., and 
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this amount is suflScient to enable the atom to reunite with a mol of trithionic 
acid to form tctrathioriic acid, or with the latter to form pcntathionic acid. Like 
a pendulum which during its fall acquires the necessary vis viva to rise again to a 
heiglit equal to that of its descent, so the sulphur atoms of one polythionic acid 
acquire during their separation the necessary energy to combine with another 
polythionate. In a soln. of tri~, tetra-, and penta-thionic acids, decomposition 
and re-formations are continuously going on so that the sulphur atoms are in un¬ 
interrupted migration from acid to acid. If the state of equilibrium betw(*en the 
decomposition and formation of the polythionic acids could be maintained, their 
relative* proportions in soln. would remain unaltered ; but this is prevented by the 
decomposition of the trithionic acid to sulphuric and sulphurous acids and sulphur. 
This chemical change is not reversible. The oxidation of sulphurous acid to 
sulphuric acid also exercises a disturbing influence by hindering the decomposition 
of pentathionic and tetrathionic acids. As soon as the sulphuric acid has accumu¬ 
lated to a certain concentration, the decomposition of the penta- and tetra-thioriic 
acids will cease, but that of the trithionic acid will continue. Hence, the final 
state of equilibrium, after a long time, would be a liquid containing sulphuric, 
tetrathionic, and pentathionic acids, and sulphur, each of a certain definite con¬ 
centration, and not undergoing a further chemical change. 

H. Hertlein found that the mol. vol. of the potassium polythionates increases 
regularly from the di- to the tetra-tbionates; t^e viscosity of the soln. increases 
with an increase in the sulphur content; the mol. refraction of the soln. also increases 
in a similar way, and the results indicate that all the sulphur is present in the 
bivalent form ; tlie electrical conductivities were also measured ; and the relative 
ionic velocities were found to be ^820^, 85 ; iSsOg, 72*8 ; JS4O6, 67*4 ; and ^850^, 

Table XVII.— Some Reactions of the Polythionic Acids. 


Holutiou. 

Dithionates. 

Trlthlonatcs. 

KOH 

No pp. 

, No pp. 

Dll. HCl . 

Nil 

j Evolution SO, ; 

I PP- 

HgNO, . 

No. pp. 

Black pp. becomes 
white on stand- 

AgNO. . 

No pp. 

Yellow pp. soon 
blackens 

AgNO, 

_ 

No brown colora¬ 

(ainmoniacal) 


tion on standing 
when warmed 

Ag,S pp. 

HgCy, . 

No pp. 

Yellow precipi¬ 
tate blackens 

slowly. 

HgClj 

No pp. 

Yellow pp. whit¬ 
ens with excess 
HgCI, 

KHS 

— 

— 

DU. KMnO, 

One drop 

One drop immedi¬ 


immediate 

ate brown pp. 


brown pp. 

even in presence 
ofdil. H ,804 


Tetrathionates. 


No pp. 

Nil 

Yellow pp. gradu¬ 
ally darkens 

Yellow pp. soon 
blackens; also 
blackened NH* 

No brown colour 
even on standing 
unless warmed 

Yellow pp., black¬ 
ens on warming* 
evolves HCy 

White pp. on 
warming 

White pp, of S 

Decolorised with¬ 
out adding dil. 
HjSO^; no pp. 


Pcntathlonates. 


Pp. of sulphur 
Nil 

Yellow pp. white 
on standing with 
excess HjNOa 
Yellow pp., gradu¬ 
ally darkens; 
blackened by NH, 
Almost immediate 
brown coloration; 
blackens on 
warmmg 

Yellow pp., black¬ 
ens on warming, 
evolves HCy 
Whitish-yellow pp, 
on warmmg 

White pp. of S 
Decolorized with¬ 
out adding dil. 
HjSO* ; no pp. 


61 * 4 . The percentage degrees of ionization for a mol of the dithionic and tetra¬ 
thionic acids dissolved in 42*18 litres of water are respectively 89*6 and 92 * 0 . The 
e.m.f. of a mercury electrode in contact with soln. of the polythionates against a 
normal cathode decreased with an increasing content of sulphur in the molecule. 
E. Josephy, and F. Fdrster and A. Homig found trithionic acid to be the least 
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stable and tetrathionic acid the moat stable of these acids. They decompose 

S30«"^S04"+S02+S. or S30e"+H30 
, ^^4 +^208 +2H- and S203"-t-H---HS08'+S. A. Casolari found that a poly- 
tnionate containing »i-atoms of sulphur in the molecule yields «—1 mols. of 
sulphuric acid when treated with hydrogen dioxide: NaoSOfl+(3«—5)H..O., 
+(n-l)H20=Na2S04+(n-l)H2S04-f(3n-5)H„0. If the soln. be quite 
neutral, the acid can be determined by titration with standard alkali. According 
to H. Debus, mercurous nitrate gives a yellow precipitate with penta- 
and tetra-thionate soln., and a black precipitate with trithionate soln.; copper 
sulphate gives no reaction in the cold, but gives a black precipitate with trithionate 
Jn boiling soln.; barium chloride gives no precipitate with soln. of any of the 
pol^hionates; mercury cyanide forms mercuric sulphide and sulphuric acid: 
HgCy2tH2S408=2HCy+HgS406; and HgS406-}-2H20-Hg8+S+2H2S04; 
-. 8 J2"f‘H2860(j-j-2Ho0—2H2S04-i-2S-f HgS-|- 2 HCy. According to A. Longi and 
L. Bonavia, potassium permanganate, in alkaline soln., oxidizes potassium sulphite, 
thiosulphate, trithionate, tetrathionate, sulphide, and polysulphide to potassium 
sulphate ; potassium dithionate is not oxidized at all, and the oxidation of the tri¬ 
or tetra-thionate proceeds slowly. Sodium dioxide immediately and completely 
oxidizes sulphites, thiosulphates, trithionates, tetrathionates, sulphides, and 
polysulphides, but acts very slowly on the dithionates. Some typical reactions of 
the polythionic acids, summarized mainly by T. Takamatsu and W. Smith, arc 
given in Table XVII. According to J. J. P. Valeton, these reactions of pentathionic 
acid are given also bj bydrosols of sulphur, 

, J'?® constitution of the polyttuonicacids.-~C. W. Blomstrand, and D. I. Mende- 
eeff based a theory of the constitution of the polythionic acids on the type theory 
--L 5 , 16 ^in which the univalent radicle SO^OH, or HSO3, replaces the radicles 
of hydrogen, hydrogen sulphide, or the liydrogen polysulphides. The sulphonic 
radicle SO^.OH thus corresponds with the carboxylic radicle CO.OH of organic 
f lemistry. Thus, replacing one hydrogen atom in the hydrogen molecule by the 
HbUg-radicle furnishes sulphurous acid H.IISO3 ; and replacing both hydrogen 
atoms by this radicle yields dithionic acid, HSO3.H8O3; replacing a hydrogen 
atom in hydrogen sulplude by HSO3 thiosulphunc acid, HS.HSO3, and re- 
atoms in a similar way furnishes trithionic acid, 
llbUg.b.HSOg, replacing both hydrogen atoms of hydrogen disulphide by the HSO^ 
radicle yields tetrathionic acid, HSO3.S.S.HSO3; and proceeding similarly with 
hy^ogen tnsulphide there is obtained pentathionic acid, HSO3.S.S.S.HSO,. The 
acids are thus formulated: 


SO,.OH 

80 ;,. 0 H 

Dltbloaic add. 


g SO,.OH 
^SO,.OH 

Trithionic acid. 


5.5 0 .. 0 H 

5.50.. 0H 
Tetrathionic add. 


„ S.SO,.OH 
®'^S.SO,.OH 

PentatUonlc acid. 


The analogous thiosulphuric acids are unknown. This hypothesis is supported by 
the experimente of W. Spring in which a trithionate was produced by the action 
^0, on a neutral sulphite: SCl2-f2(K.S020K)=2KCl 

Similarly, sulphur monochloride also yields a trithionate mixed with 
some and not the tetrathionate as was anticipated by D. I. Mendelieff : 

2 Cl 2 + 2 (K.S 02 . 0 ^—S 2 (S 02 . 0 K) 2 -f- 2 KCl. W. Spring, however, used water in his 
experiments; and H. Debus pointed out that the sulphur dichloride then decomposes 
into sulphurous and hydrochloric acids and sulphur. If the concentrations of 
i, ® substances are such that the hydrochloric acid produced decomposes 

half the potassium sulphite into potassium chloride, water, and sulphurous acid, 
the potessium sulphite and sulphur will form potassium thiosulphate which, reacting 
with the sulphurous acid, produces trithionate. The synthesis of these acids by the 
iodine reactions, and their decomposition by sodium also support this hypothesis, 
but the argumrat 18 not decisive because the results admit of several interpretations 
vnfra. H. Baubigny said that the formation of dithionates by heating silver 
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sulphite or sodium silver sulphite shows that dithionic has two sulphonic radicles. 
P. Pascal’s magnetic obs(‘rvation8 favoured HO.SOo.OH for dithionic acid, and 
HO.SO2.Bn.SO2.OH for the polythionic acids; and likewise A. Colefax supported 
the chain formula from his observations on the removal of sulphur from the tetra- 
thionate by a sulphite so as to form a tritliionate and thiosulphate. F. Calzolari, 
and T. S. Price and D. F. Twiss em])hasized the relationship of the tetrathionates 
HO.SO2.S.S.SO2.OH and the persulphates K0.Sqo.0.0.S02.0H. J. von Szilagyi 
said that the trisulphide formula for tritbionic acid is supported by the formation 
of that acid by the decomposition of potassium arsenothiosulphate : 

(KO.SO2. SlaAs-t-As (8.S02.0K)3-- As 2 S 3 + 3 (K 0 . 802 .S.S 02 . 0 K). 

C. W. Blomstrand, and D. 1 . Mendeleeff’s mode of viewing the constitution of the 
polythionic acid favours the asymmetric formulie for the sulphites and thiosulphates 
(q^v.). A. Michaelis based formuhe for dithionic and trithionic acids on the 
symmetrical formula of sulphurous acid, SO(OH)2, and formulae for tetrathionic 
and pentathionic acids, on the asymmetrical formula of thiosulphuric acid, 
HO.SO2.SH. This hypothesis furnishes : 

H0.80.O HO.SO.O ^ HO.SO.0.8 HO.SO.O.S 

HO.80.0 HO.SO.O HO.SO.O.S HO.SO.O.S‘ 

Pltlilonlc acid. Trithionic acid Tetrathionic acid Pentathionic acid. 

According to M. Berthclot, the ibionic acids may be regarded as derivatives 
of condensed sim])le or mixed anhydrides, which are themselves derived from thio¬ 
sulphuric and sulphurous anhydrides. Thii.s, thiosulphuric acid is dc’rivexl from 
the anhydride S2O2 by the action of water S202-f'H20=H2S203. This can give 
rise to a series of condensed anhydrides, nS202.(^^—m)H20, where the basicity of the 
resulting acids is proportional to nt. Tims, when n =5 and m= 3 , pentathionic acid, 
5S2O3.2H2O, or 2H2S5O0, is formed; when sulphurous acid, Sq2.H20, is present it 
may behave in a similar way, and the mixed condensed anhydrides, 4^8202.S02.H2q, 
is t^.trathionic acid ; S2O2.4SO2.2H2O is trithionic acid ; and 48202.802.2H2O is 
said to be the acid obtained in the first crystallizations when preparing penta- 
thionic acid by H. Debus’ method. This is said to be supported by the behaviour 
of the thionic acids with an excess of alkali hydroxide. 

H. Debus started from the asymmetrical formula of the sulphites, H.SO2.OH, 
and the assumption that the sulphur of the polythionates enters the molecule vid 
the H.S02-complex, forming HS2.SO2-, and HS.S.S02-radicle8. A molecule of 
potassium sulphide can combine with 2 , 3 , or more atoms of sulphur to form a senes 
of polysulphides, and this property is not lost in the combination K..S02”radicle. 
Hydrogen sulphide also takes up more sulphur, forming the polysulpWdes. This 
association of sulphur occurring with the sulphides and the thionic acids confirms 
similar properties on the compounds in which they occur, Tetrathionic acid con¬ 
tains the radicles HS, and HO, and pentathionic acid, the radicles HSg and HO. 
Thus, 

H,S0,.0 HS.SOa 0 HS.S.S0,.0 HS.S.S.S0,.0 

HO.SOji.S HO.SOj.S H0.S0t.S HO.SO 2 .S 

Trithionic acid. Tetrathionic acid. Pentathionic acid. Hexathionlc add 

H. Debus quoted the following facts in support of his hypothesis. The formation of 
potassium tetrathionate from potassium thiosulphate and iodine might Tuo^d 
in support of any one of the formulas : KO.SO^-S.S.SOgH; IvS.S02.0.0.Sq2SK, 
or KS.SO0.O.S.SO2.OK. The loss of an atom of sulphur by the tetrathionate 
would give respectively the formulae S{S02.0K)2; K.SO2.O.O.SO2.SK, or 
K.SOgO.S.SOo.OK. Potassium trithionate, like potassium sulphite, can take 
up im atom of sulphur in statu nascendi, and this is taken by H. Debus to mean 
that both contain the same radicle K.SOg. This is supported by the formation of 
the trithionate from potassium hydrosulphite and sulphur. This does not favour 
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tho formula S(S02.0K)2 for the trithionate. If an atom of sulphur is removed from 
the trithionate, it decomposes into sulphate and sulphurous acid, and from these 
materials the original salt cannot be obtained by direct cond>ination. Hence, the 
existence of the [)olythionate is dependent on the one sulphur atom. This favours 
the formula K.S02.0.S.S02-0K, but not K.SOj.O.O.SOo.SK. II. Debus co?itinued, 
if potassium pentathionate has the constitution 83(802.61^)2, it miglit be anticipated 
that bromine would react: 83(802.0K)22H2O - 38 -j 2KBr+2HoS04 ; 
actually, the reaction proceeds more in accord with 2K2850f^-(-bBr2+15Il20 
= 4 KBr-f 4S+GH9S04+12HBr, and if less bromine is usec^ a proportionate 
quantity of pentathionate remains undecomposed ; two atoms of the sulphur of 
a.mol. of potassium pentatliionate, K2S50ti, are precipitated as such, and three are 
oxidized to sulphuric acid. The conclusion is that the three oxidizable atoms of 
sulphur are already in the mol of pentatliionate in combination with oxygen, and 
are so in the trithionate resulting from the decomposition of the pentathionate. 
According to K. Jellinck, and I. M. Kolthoff, the oxy-acids of sulphur can 
be arranged in the order of increasing strength in the scries : H2SO3, H2S2O4, 
H2S2O3, H2SO4, H2S20e, and HoSsOe, so that dithionic and trithionic acids are of 
about the same strength, and so are thiosulphuric and sulphuric acids, whilst 
sulphurous acid is the weakest of the series, and hydrogen sulphide is weaker still. 
The relative stabilities of the polythionic acids have been discussed by E. H. Riesen- 
feld and G. W. Feld, and F. Forster and A. Hornig. I. Vogel said that in accord with 
the thermal data of F. Martin and L. Metz, the stabilities should decrease in the order 
dithionic, trithionic, tetrathionic, and pentathionic acid, since the heats of forma¬ 
tion, Q Cals., are ; 

KjSaOg KAO# KjjS^O, KAO# KjSOs 

e . . 415 401 393 386 273 283 

H. Bassett and R. G. Durrant, however, added that this statement can have a 
definite meaning only when referred to specified conditions. They added that the 
proportions of tri, tetra-, and penta-thionic acids which can exist in a soln. depend, 
among other things, upon the hydrogen-ion concentration, increase and decrease 
of which favour the formation of penta- and tri-thionic acid, respectively. The 
efiect of change of acidity is so great that the separation of sulphur on addition of 
alkali is almost as delicate a test for pentathionate as is the ammoniacal silver 
nitrate test. H. Hertlein found that the sp. refractivities of the potassium salts 
difiered by about 15 units per atom of sulphur. This corresponds with the refrac- 
tivity of bivalent sulphur, and it was therefore assumed that the polythionate 
sulphur atom is bivalent. He argued that when a metal is directly attached to a 
sulphur atom there is a great tendency to form complex ions with mercury or silver 
salts, and this can be detected by e.m.f. measurements. Thus, the e.m.f. of the 
combination Ag jO*0022iV'-AgN03 against a standard calomel cell is — 0*92 volt, 
and when 0*5N-K2S2O8 is added, and the complex salt KAgS203 formed—complex 
ion Ag8203'—^the e.m.f. rose to — 0*23 volt. At a dilution of 20 litres, the e.m.fl. 
were: 

KjSA KjSjO, 

E.in.f. . 0 90 0*79 0*89 0*88 

The slight change in the e.m.f. here observed indicates that no complex ion is formed, 
and that the metal is not therefore directly attached to sulphur as in H. Debus’ 
formula. Consequently, H. Hertlein said that the hypothesis of D. I. Mendel 4 eff 
on the constitution of the polythionates harmonizes better with the ionic theory 
than is the case with H. Debus’ hypothesis —vide suprci^ the thiosulphates. 

I. Vogel showed that the chain formulae do not give a rational explanation of 
the gradual increase with time of the relative quantities of tetrathionates and pe^ta* 
thionates in the producte of the interaction of sulphur sesquioxide with water, etc., 
of the exclusive formation of trithionate in the reaction between a cone. soln. of 
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potassium acetate and a soln. of sulphur sesquioxide iu oleum (I. Vogel and 
J. R. Partington); the liberation of two atoms of sulphur from pentathionates by 
bromine and by mercuric cyanide (II. Debus), and by mercuric chloride (A. Sander, 
and E. H. Riesenfeld and G. W. Feld); the separation of one atom of sulphur from 
peiitathionatcB by treatment with a cold soln. of sodium carbonate (F. Raschig) ; 
the conversion of tetrathionates into pentathionates by acidified soln. of sodium 
thiosulphate, and the formation of dithionales by the action of acid soln. of })otassium 
})ermanganate on tnthionates (F. Raschig) ; the strong acidity of the polythionic 
acids, and the non-formation of complex ions with nurcury and silver salts 
(H. Hertlein) ; and the difference in the refractivity corresponding with bivalent 
sulphur btdween two consecutive polythionates- e.g, K2S4O6 and 1^2850(3 (H. Hert¬ 
lein). 

While i\ W. Blomstrand, and D. I. MendeleefI assigned the formula of th<‘ polv- 
thionates to th(‘ persul])hidic type- e.g. HSO3.B.S.HSO3, derived from NaO.BO^.SISa 
for sodium thiosulphate- A. Gutmann }>referred the peroxidic type— e,g. 

HS.AL O.O.HR.Oo, or 

\n<>, . ^ 

'> 0.0 » 

(h'rivod frojn S . S(0Na)2 : O for sodium thiosulphate. Perdisulphuric acid readily 
loses oxygen t r it is an o.\i(lizing agent ; tetrathionic acid readily loses sulphur- - 
(\(f it is a sulplmnzing agent, for it converts a sulphite into a thiosulphate, and a 
cyanide into a tlii(K-vanat(‘. A. Gutmann said tliat the reaetion of tetrathionate 
with sodium ars<‘nite in alkaliiu'soln . forming two inols of monosulphoarsenate, one 
mol of arsenate, and two inols of sul]ihite. ean be symbolized in skeletal form : 

28 -j O-f-^Oo ; hence, tlie withdrawal of two atoms of sulphur from a rnol 
of tetrathionate w’ouldform r^^sidues which, uniting in ])airs, wrmld give a ditliionate 
if the structure is of the jierdisulphidie lyja*, and tliis wauild not give arsenate and 
sul})hite because dithionates do not react w'ith arsenites. T. 8. Price and I). F. Twiss, 
howmver, showed that it is more likely that the twm Na803'-rc6idue8 would react : 
2NaS03'4 2NaOTI 2Na2803-f H20-f O ; and similar explanations would ap]>ly 
to sodium trithionate, and to the action of potassium cyanide on the tetrathionate. 
lienee, A.Giitmann’s argument against the persulphidic formula has but little weight. 
J, E. Mackenzie and H. Marshall also add tliat on the persulphidic formula, the 
reaetion between a thiosulphate and persulphate to form t(*trathionate and sulphate 
is symbolized: 2(M803)SH KnS()3)0.0(M803) (MS03)S.8(M803)-j-2(M803)()H, 

and, if, as A. (tutmann supposed, the rupture of the peroxidic union in the persulphate 
is associated with th(' formation of an analogous union in the tetrathionate, the 
reaetion is symbolized: 2(M8o02)0M4(MS03)0.0(MS03)-(M8202)0.0(S202M) 
t 2(MS03)0M. Such a reaction would be of an exceptional cliaracter because 
])eroxidi<j union cannot generally b(‘ brought about by iodim ; rather is iodine 
liberated from iodides by jieroxides or analogous compounds. J. E. Mackenzie 
and H. Marshall add that the striking point about A. Gutmann’s reaction with 
an alkaline soln. of sodium arsenite is that instead of the arsenite removing sulphur 
only, oxygen is also removed to form arsenate and sulphoarsonate. To explain 
this without resorting to A. Gutmann’s formula, it is merely necessary to assume 
that the first action of the alkaline arsenite soln. is not to remove oxygen or sulphur 
from the tetrathionate, but to add sodium and so reduce it to thiosulphate 
as in W. Spring’s reaction; and the thiosulphate th(‘u reacts with the 
alkaline arsenite, forming sulphite and monosulpharsenate. If hydrochloric 
acid bo added to a mixture of arsenate and iodide, arsenic trichloride and 
iodine arc produced, but in the presence of alkali (carbonate), ar^senite and 
iodine interact to form arsenate and iodide; similarly, when hydrochloric 
acid is added to a mixture' of arsenate and thiosulphate, arsenic tricliloride 
and tetrathionic acid an* formed, and it may therefore be surmised that the change 
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will be reversed in the presence of alkali, and that arsenite and alkalidyo will form 
arsenate and thiosulphate. A. Gutinann expected that an alkali cyanide would 
react with the tetrathionato, forming sulphite, cyanate, and thiocyanate, but the 
reaction is symbolized: Na2S40e+2NaCy+2Na0H=Na2S04+Na2S03+2NaCyS 
-r-H 20 . A, Gutmann said that the reaction is slow; but J. E. Mackenzie and 
H. Marshall found it is fairly rapid. The alkali is not necessary, but if omitted, 
twice as much cyanide is necessary to complete the change: Na2S40o+4NaCy+H20 
"“Na2S03+Na2S04+2NaCyS+2HCy—the presence of a great excess of hydro¬ 
cyanic acid seems to have no influence on the reaction. Instead of assuming that 
the tetrathionate is reduced to thiosulphate, it is assumed that the cyanide simply 
removes the two connecting sulphur atoms, leaving the two SOgNa-groups, which 
then interact with formation of sodium sulphate and sulphur dioxide, thus : 
2S020Na~S02(0Na)2+S02, the sulphur dioxide would act either on the free 
alkali or, in its absence, on the cyanide, forming sodium sulphite. The formation 
of sulphate and sulphur dioxide from the two NaSOs-groups would be to 
some extent analogous to one of the actions observed at the anode in certain 
electrolytic decompositions; for example, the formation of methyl acetate 
from two CH3.C02-groups during the electrolysis of an acetate soln. : 
2 CH 3 .C 02 =CH 3 .C 02 .CH 3 -f-C 02 . The difference in the action of the alkaline 
arsenite soln. and of the alkaline cyanide soln. on tetrathionate is therefore easily 
explicable, using the persulphidic formula, and is due to the preliminary formation 
of thiosulphate in the first case and not in the other. E. Weitz found that the 
ammonium salts of monobasic acids are more soluble in ammonia than in water, 
while the salts of the polybasic acids are less soluble ; by this test, dithionic acid is 
monobasic, or rather “ doubly monobasic (HS08)2, since there are two separate 
nuclei in the molecule, each containing an acid-hydrogen atom. 

F. Raschig assumed that in the reaction between hydrogen sulphide and sulphur 
dioxide a very labile SO-group is formed: SO2+H2S--SO-f-S+Ih^O, and just 
as 3 mols. of acetylene condense at high temp, to form the benzene ring, so do five 
SO-groups condense to form the ring : 


SO< 


so.so 

so.so 


which reacts with water to form pentathionic acid. He proposed the following 
formulae for the polythionic acids : 

SOjOH 8 = 80^011 S=SO,.OH ^,S=::SOj.OH 

SOjOH SOj.OH S-=SO..OH ^'^S=-SO,.OH 

Dithionic acid. Tzlthlonlc acid. Tetrathionic add. Pentathionlo add. 

The S 02 -group is supposed to be constituted : 


H. Debus, E. H. Riesenfeld and G. W. Feld, and F. Raschig pointed out that 
dithionic acid differs in many respects from the other thionic acids so that some 
exclude dithionic acid from the polythionic acid group. Thus, dithionic acid is 
produced by the oxidation of sulphur dioxide by pyrolusite, or potassium permanga¬ 
nate, whilst the other thionic acids are produced by the redaction of sulphur dioxide 
by hydrogen sulphide; also dithionic acid is comparatively stable and very slowly 
decomposed by boiling with cone, hydrochloric acid, whiM the remaining thionic 
acids are unstable and are readily decomposed under the same circumstances. 
Hence, it seems that the constitution of dithionic acid must differ from that of tri-, 
tetra-, and penta-thionic acids. J. A. Christiansen favoured the assumption that 
tetrathionic and pentathionic acids contain a six-membered ring, and said that the 
hypothesis is favoured by the bimolecular character of the vapour of sulphur 
trioxide. This corresponds with the formulie: 
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HO'" ' / OH 
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THrathionIc acid. 


P( iiiathiotdc acid. 


E. H. Rieserifcld and G. W. Feld suggest applying co-ordination formula* to 
those acids, but they wore not sure if the co-ordination number of sulphur is 4 or 6. 
F. Martin and L. Metz showed that the co-ordination number is 4 , and valency -| 6 ; 
whilst the co-ordinated atoms have a valency of — 2 . Thus, 



Sulphuric acid. 
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Tetrathionic acid. 
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Pcrdisulphuric acid. 



Pentathionlc acid. 


These formulae explain the ready loss of a sulphur atom from the pentathionates ; 
the interconversion of the polythionic acids ; the prescnct* of bivalent sulphur ; 
t heir strong acidity ; tin', non-formation of complex ions ; and also H. Ilertlein’s 
measurements. I. Vogel added that these are the onlyiormuke for the polythionic 
j\cids which explain all the facts known at the present time. I. Vog<‘l also suggested 
the formula^ 


SOgOH SOj.OH ^ SOjOH OH 

SO,.OH ^"^SOg.OH * ^^'SOg.OH -yo^.OH 

DithJonic acid. Trithionic acid. Tetrathionic acid. Pentathionic acid, 

H. Bassett and R. G. Durrant agreed with this formula for trithionic acid, and also 
for tetrathionic acid, but there is probably a tautomeric form of tetrathionic acid 
(r/.v.) with D. I. Mendeleeif’s chain formula, stable in alkaline soln. ; but they 
preferred the formula : 

8 

H0.S02.S.S()2.0H 

s 


for pentathionic acid ; and added that it is the tendency of the central sulphur atom 
in trithionic acid, to b(*corae co-ordinated with four other atoms in all which is the 
prime cause of the readiness with which tetrathionic acid and pentathionic acids 
are built up from trithionic. This building-up process comes more or less to an end 
with the symmetrical pentathionate, and on these grounds the existence of hexa- 
thionic acid is improbable. Higher polythionates than pentathionate only seem 
likely if the two central sulphur atoms in the straight-chain form of tetrathionic acid 
can add on additional sulphur atoms in the same way as does the one central sulphur 
atom of trithionic acid. The building-up process in this case would come to an end 
with octothionic acid : 

SS 
I I 

OH.SOa.S.S.SO».OH 
I I 
SS 

with hexa- and hepta-thionic acids as intermediate stages. 


KEFsaxjroxs. 

* H. W. F. Wackcnioder, Ann. Chim. Phys., (3), 20 . 144, 1847 ; Arch. Pharma, 47 . 272, 
1846 ; 43 . 140, 1846 ; Liebig's Ann., 80 . 189, 1846 ; H. Debus, »6., 244 . 76, 1888 ; Joam. Chem. 
tioc., 58. 278, 1888; J. E. Mackenzie and H. Marshall, i6,, 93 . 1726, UK)8; T. S. Price and 
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D. F. Twiss, %b., 91. 2024, 1907 ; A. Colefax, t6., 98. 798, 1908 ; V. B. Lewes, 39. 68, 1881 ; 
41. 300, 1882 ; H. Bassett and R. G. Burrant, ib., 1401, 1927 ; T. Takamatsu and W. Smith. 
if)., 87. 592, 1880 ; 41. 162, 1882 ; Ckem. News, 41. 290, 1884 ; W. R. Lang and C. M. Carson, 
Proc. Ckern. Sac., 21, 168, 1905 ; W. Schmid, Zeit. Chem., (2), 4. 50, 1868 ; J. Balton, A New 
/System of Vh-emical Phil^ophy, Manchester, 1. 384, 1808; I. M. Kolthoff, Pec. Trav, Chim. 
Pays-Bas, 48. 216, 1924; T. Thomson, Ann. Phil., 12. 441, 1826; A. Sobrcro and F. Solmi, 
Mem. Aecad. Torino^ 11. 407, 1849; Chemist, 1. 301, 1860; Ann. Chim. Phys., (3), 28. 210, 
1860 ; M. J. Fordos and A. Gelis, ib., (3), 22. 66, 1848; (3), 28. 451, 1850 ; M. Chizcl, ib., (1), 
84. 166, 1812 ; Phil. Mag., 48. 408, 1814 ; H, Hertlein, Zeit. phys, Chem., 19. 289, 1896 ; K. del- 
linek, ib., 76. 257, 1911 ; T. Curtius and F. Henkel, Journ. prakf. Chern., (2), 37. 137. 1888 ; 

F. Kessler, Dr acufis polythionicis, Berolensis, 1848 ; Po(^g. Ann., 74. 249, 1848 ; Liebig's Ann., 
68. 231, 1848; 200, 256, 1880; Ber., 13. 424, 1880; A. Gutmann, %b., 38. 1728, 3277, 1905; 
39. 500, 1006 ; 40. 3614, 1907 ; Veber den Abbau dvr Thiosulfate vnd einiger Pohjihionatv zn 
Sulfiten durch rcducierende Sake in alkalisckvr Ldsung und uher einige Monosvlforyarscnaft, 
Miinchen, 1897 ; R. F. Wcinland and A. Gutmann, Zett. anerrg. Chem., 17. 413, 1898 ; W. Spring, 
Liebig's Ann., 199. 97. 1879: 201. 377. 1880; 218. 329, 1882; Ber., 6. 1108, 1873; 7. 1161, 
1874 ; JLill Acad. Belg., (2), 36. 72, 1873 ; (2), 38. 45, 108, 1874 ; (2). 39. 13. 1875 ; (2), 42. 
103, 1876 ; (2), 45. 605, 1878 ; A. Casolari, Gazz. Chim. ItaL, 37. ii, 609, 1907 ; 40. ii, 22. 1910 ; 
A. Longi and L. Bonavia, ib., 28. i, 325, 1898; P. Pascal, Compt. Rend., 178. 712, 1921 ; 
J. J. P. Valeton, Chem. Weekbl, 4. 553, 1907 ; M. Bcrthelot, Compt. Rend.. 106. 773, 925, 971. 
1888; H. Baubigny, ih., 150. 973, 1910; J. Thomsen, ThernuKhemische Vntersuthungvn, 
Leipzig, 2. 264, 1882; 3, 236, 1883; C. VV. Blomstrand, Dr Cheynie drr Jetzvtt, Heidelberg, 
157,257, 1869; Brr., 8.960.1870 ; 13. I. MendcUVff, i/)., 8. 870, 1870; Jimmi^Enss. Rhys. Chnn. 
Soc., 2. 276, 1870; 3. 871, 1871; A. Michaclis, Liebig's Ann., 170. 31, 1873; F. Ka.sclug, 
Srhwefel- und SHckstoffsiudim, Leipzig, 273, 305, 1924; K. dosephy, Zeit. anorg. Chem., 135. 
21, 1924 ; F. Forster, ib., 139. 246, 1924 ; 141. 228, 1924 ; F. ForsO r and A. Hornig, ib.. 125. 
86, 1922 ; F. Forster and K. T. Mommsen, B>r , 57. B, 258, 1924 ; F. Forster and U. Vogei. 
Zeit. anorg. Cltem., 155. 161, 1926 ; E. H. Kiesenfeld and G, Sy<l()ff, ib., 176. 49, 1928 ; F. Forster, 
ib., 177. 17, 42, 61, 1928; F. Forster and K. Centner, ib., 157. 80, 1926; K. Centner, Urb/r 
die Einwirkung der schwefligsauren 8alz( auf Poiyih/onoti. Dresden, 1924 ; J. von Szilagyi, Zn/. 
anorg. Chem., 113. 75, 1920; E. H. Kiesenfeld, ib., 141. 109, P>24 ; E. II. Kiesfmfeld and 

G. W. Feld, ib., 119, 225, 1921 ; A. Kurtenacker and M. Kanfmann, ib., 148. 43, 225, 256, 3<)9, 
1925; A. Kurtenacker and A. Czemotzky, ib., 174. 179, 1928 ; 175. 231, 1928 ; F. Martin and 
L. Metz, ib., 127. 82, 1923 ; I. Vogel, ( hem. Ears, 128. 325, 342, 301, 1924 ; Joum. Chem. Soc., 
127. 2248, 1925 ; I. Vogel and J. R. Partmgton, ib., 127. 1514, 1925; F. Calzolari, AUi Accad. 
Lined, (5), 24. i, 921, 1925; E. Heinze, Journ. prakt. Chon., (2), 99. 109, 1919; E. \Veitz, 
Leopoldina, 2. 160, 1926 ; W. Petzold, Bntra^/c zur Ktnnims der Polythionate, Hannover, 1925 ; 
A. Sander, Zdt. angew. Chem.\ 29. 11, 1916 ; J. A. Christiansen, Forh, Nord. Kemistmdlet, 177, 
1928 ; Zett. Elektrochem., 34. 638, 1928. 

§ 40 . Dithionic Acid 

In 1819 , in their memoir : Sur un acide nouveau fonm Bar Ic soufre el Voxygene, 
J. L. Gay Lussac and J. J. Welter ^ described the preparation of what they called 
r acide hyposulfuriqite. The composition was intermediate between that of fliil- 
phurous acid and that of Bulphuric acid, and by analogy wdth hyposulphurous acid, 
it was called hyposuiphuric add, and later dithionic acid» H2S20e. J. L. Gay Lussac 
and J. J. Welter prepared the acid as follows : Dithionic acid is obtained by passing 
sulphur dioxide into water with manganese dioxide in suspension. The reaction 
takes place quickly, and a neutral soln. of manganese sulphate and dithionate is 
formed. An excess of baryta is added when the barium dithionate remains in soln. 
while the barium sulphate is precipitated. Carbon dioxide is passed through the 
filtrate which is then warmed to drive ofi the excess of carbon dioxide and precipi¬ 
tate any barium carbonate in soln. The liquid is evaporated for crystallization. 
The resulting barium dithionate is purified from calcium salts by recrystallization, 
and decomposed by sulphuric acid so as to precipitate the barium as sulphate, and 
liberate the dithionic acid. The aq. 8ob». of the acid is without odour; and 
when exposed over cone, sulphuric acid in vacuo, at 10'", the liquid can be concen¬ 
trated until its sp. gr. is 1-347 without volatilization. If the concentration be 
carried much further the liquid decomposes into sulphur dioxide and sulphuric acid. 
J. J. Berzelius recommended removing any manganese hydroxide from the manganese 
dioxide by means of nitric acid, otherwise sulphate is also formed later on; and 
W. Delffs added that if the manganese dioxide contains iron, none of that element 
passes into soln. F. Heeren employed five parts of water to one part of finely 
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powdered manganese dioxide ; treated the filtrate with barium sulplude, instead of 
the hydroxide, and after treatment with carbon dioxide, boiled the liquid to drive 
off the carbon dioxide and hydrogen sulphide, and precipitate the barium carbonate. 
The iilter<Ml Ii(juid was evaporated for crystallization. F. Hecren said that the 
equation Mri02-h2S02==MnS2()« does not represent the reaction because the 
dithionate is always accompanied by manganese sulphate in amounts vai^dng 
from about 12 to 26 per cent. The amount of sulphate formed is greater, the higher 
the temp., and the coarser the powder of manganese dioxide. W. Spring and 
L. Bourgeois said that nine times as much sulphate may be produced as dithionate, 
and the amount is greater the higher the temp, and the finer the powder. F. Heeren 
added that if the dioxide also contains the lower oxide sulphate and sulphite will be 
produced : Mii203+2S0ii=- MnS04+MnS03. On the other hand, W. Spring and 
L. Bourgeois nqirestnted the formation of sulphate in the produrtiofi of manganese 
dithionate, Mn024-2112803=-= 211204-MnS206, as a side-reaction MnO.^ 1-S02 
-=MnS04 ; J. M(*yer considered that, in the cold, manganic sulphite is formed as 
an intermediate product : 2Mri()2-l-3H2S03-=Mn2(S03)3-f 3H20-f-0 ; follow'cd by 
Mn2(S0s)3=:“-MnS03-bMnS20G, and MnS034 0^-MnS04; and added that manga¬ 
nous but not manganic sulphite can be detected in the liquid. F. Heeren found that 
liquid sulphur dioxide has no action on manganese dioxide. F. von Hauer prepared 
the alkali ditliionates by boiling aq. soln. of alkali sul})liites witli manganese dioxid(‘ ; 
and H, Baubigny, by boiling a soln. of potassium silver sulpliite ; he also made 
sodium dithionate as follows: 

Boil for half an hour an aq. sola, of silver nitrate (9 griiiP.) witii bCMlium Milphite (90 
grnis.). The <’Iear h({uid i.s treated witli Imrium nitrate, followed by slight excess <>1 
sodium carbonate; after tiitration, it is neutrali/.cd exactly with nitric acid and evapo¬ 
rated to crystallization. The product is puntied from sodium nitrate by tak»ng advantage 
ol the greater solubility of the latter in 50 per cent, alcohol. 

J. L. Gay Lussac and J. J. Welter said that lead or barium dioxide does not act 
in the same way. This was confirmed by H. 0 . H. Carpenter, while C. F. Ramund.s- 
berg added that lead dioxide has scarcely any action on sulphurous acid ; barium, 
magnesium, and sodium dioxides produce sulphates ; and mercuric oxide gives 
no dithionate. R. Hac obtained ditliionates by oxidizing warm, aq. soln. of 
the normal alkali sulphites with red-lead—manganese dioxide vvas ineffective. 
The milder oxidizing agents represented by the hydroxides of the tervalent 
iron family give better results, and A. G^lis prepared the dithionate by 
passing sulphur dioxide into water with ferric hydroxide in suspension. ^ The red 
soln. which is formed was first observed by P. Berthier, and, as proved by K. Seubert 
and M. Elten, it consists of a soln, of ferric sulphite : 2Fc(0Il)34'3S02—Fe2(S03)3 
4-3H2O. H. C. H. Carpent^ft observed that while freshly precipitated, unwashed 
ferric hydroxide is quickly dissolved by sulphurous acid, the hydroxide quickly 
ages, even during the washing, and the speed of the reaction rapidly slows down. 
A. Gelis found that when the liquid is allowed to stand for some time, it becomes dark 
green owing to the formation of ferrous sulphite and dithionate: Fe2(S03)2—FeSOs 
“f-FeSgOe. In support of this hypothesis, M. J. Fordos and A. G 61 is observed that 
ferric sulphite decomposes in this manner. A. G^lis added baryta-water to the liquid, 
and treated the filtered soln. of barium dithionate as in J. L. Gay Lussac and 
J. J. Welter^s process. U, Antony said that the reaction proceeds further, for some 
of the ferrous sulphite is oxidized by the sulphuric acid to form dithionate : FeSOg 
+H2S04=H20+FeS206. J. Meyer denied that this reaction really ocefirs. He 
said that sulphuric acid is stronger than sulphurous acid, and that it makes no 
difference whether sulphurous acid is added to a sulphate or sulphuric acid added to a 
sulphite, in no case is any dithionate formed with soln. of ferrous or manganous 
salts and sodium sulphite or hydrosulphite.^ U. Antony and E. Manasse said that 
both manganous and ferrous sulphites react with sulphuric acid to form dithionate. 
J. Meyer stated that ferric, cobaltic, and nickelic hydroxides oxidize sulphurous 
to dithionic acid and the sulphite of the bivalent metal. H. C. H. Carpenter 
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believed that the ferric suit omjdoyed by A. G< 51 is contained some manganese as 
impurity. JI. C. IL Carpenter’s results with these hydroxiiies an' shown in Tabic 
XVIII, along witli the lu'ats of th<' reduction typified by 2Fi‘(OH)3~2Fe(OH)2 
-fO+HoO —516 cals. It therefore follows that the greater the (‘iiergy required for 
the reduction of the hydroxides, the larger the percentage }d(*ld of dithionic acid. 
The energy needed for the reaction with ferric hydroxid(* is sucli that the process 
stops at the stage : 2Fe(OH)3d SSOo -^Fc'SoOo f FeS03-f SH^O ; very little, if any, 
is expended in the reaction Ft'S^O^- -Fc'SC^+SOa,although with manganic hydroxide 
about a quarter, and with cobalt ic hydroxide about two-tliirds, of the dithionate 
formed is decomposed in this manner. In the exothermic process with nickelic 
hydroxide, the energy siiflicijs to convert all the dithionate to sulphite. P. Berthier 
found that potassium chromate or dichromate oxidizt's snlpliurons acid to dithionate 
and sulphate, ’and II. Bassett observed that when chroiiiic acid, or potassium 
chromate or dichromate, is reduced by sulphurous acid, 94 to 95 per cent, of 8ulphat(‘ 
and 5 to 6 per cent, of dithionate are formed, and that the results an' independent of 
tlie ti'inp. 


Tahi.i-: XVTIl. Tiic Oxidation of Sulphubous to Dithionic A<'id uv tfif 
Hkjher Hydroxii)K.s of the Iron Family. 
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U. Antony and A. Lucchesi found that ruthenium .sulpliatc acts as an oxidizing 
agent on sulphurous acid, forming the dithionate : Ru(S04)2 ) S0i>+2Hi,0- RU8O4 
-f 2H2SO4; and RuS()4+S02—RUS2O6; A. Benrath and K. Ruland, ceric sulphate ; 
and U. Antony and E. Manasse found that ferric sulphate reacts similarly 
Fe2(S04)3+3S02+2H20='-2FeS206+2H2S04~there is an 80 per cent. }dekl of 
dithionate at 0^, whilst none is formed at 95 °. Sulphates of the type FeS04 do not 
react like RUSO4, for they produce no dithionate with sulphurous acid. J. Meyer 
said that in the case of rutheuic sulphate, Ru(S04)2, sesquisulphate, Ru2(S04)3, 
is first formed ; this reacts with sulphurous acid, forming the sesquisulphite, which 
then decomposes into ruthenous sulphite and dithionate as in the case of ferric sulphite. 
J. Moyer said that dithionates are not produced by the action of normal or acid 
sulphites or of sulphurous acid on ferrous sulphate or manganous sulphate, this being 
eq. to the action of sulphuric acid or a sulphate on the corresponding sulphite. 
There are other ways of oxidizing sulphurous acid, or sulphites to dithionates. 
Thus, V. A. Jacquelain, and F. Rochleder stated that when soln. of sulphurous acid, 
or ammonium hydrosulphite, are exposed with imperfect access to air for a few years, 
sulphate and dithionate are produced. M. Berthelot found that a soln. of per- 
sulphuric acid in sulphuric acid will oxidize sulphurous acid to dithionic acid ; and 
B. Rathke and co-workers obtained a similar result with selenium and alkali sulphite 
—^it is assumed that a selenotrithionate is first formed which then decomposes 
into alkali dithionate and selenium : K282Se05=:K2S20e+Se. F. Heeren, and 
T. S. Dymond and F. Hughes observed that acidic soln. of potassium permanganati* 
oxidize sulphurous acid to dithionates. H. Buignet said that the permanganate is 
first reduced to manganese dioxide which then acts as indicated above : 2KMn04 
+6S02+2H20:=-2KHB04+2MnS04+H2S20e—each mol. of dithionate is accom¬ 
panied by 4 mols of sulphate. L. P. de St. Gilles, and M. J. Fordos and A, G^lis 
said that in alkaline soln., the sulphite is almost completely oxidized to sulphate. 
N. Sokoloff and P. L. Maltschewsky said that a dil. soln. of iodine in potassium 
iodide will oxidize alkali hydrosulphite to dithionates, 2NaHS03+2I=t=r2NaI4'Ha|10e 
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—the yield is about 20 per cent, of the theoretical, the rest passes into sulphate ; 
W. Spring and co>work(‘rs said that no dithionato is formed since tlie reaction ]uo> 
gres8<*s : 2NallSO;{ | 41 | 2IL20~-4HI+2NaHS04. R. Otto at jirst confirmed and 
later denied that (iitiiionatc is formed. A. Frit^sner and co-workfTs studied the 
electro-oxidation of neutral or alkaline (not tuddic) soln. of sodium sulphite with a 
high anodic potential. By polarizing a platinized platinum anode ariodically in a 
soln. of sodium hydroxide before use, the formation of dithioiiate is insured, wiicK'us 
a cathodically polarized or a depolarized electrode gives no dithionato. A smontli 
platinum anode soon becomes polarized in the sulphite soln. itself sufficiently tr> 
produce dithionate even if it is initially depolarized. The formation of dithioiiate is 
favoured by a rise of teni]). to 60 '"- 70 ‘^; it is practically unaffected by the cone, of 
the sulphite soln. The latter fact together with the fact that it is not formed in 
acidic soln. shows that the dithionate is produced from SO3'' ions, and the reaction 
is represented: 2S03"4 20 H'd 2 H*d“ 2 '?'~S206''“l-2H2d. A soln. of dilhionic 
acid or of one of its salts is not reduced at the catliode, and undergoc's very little 
oxidation at the anode. According to O. Essin, the addition of up to 0*1 per cent, 
of ammonium fluoride to the electrolyte increases the yield of dithionate, hut a 
higher jiroportion lessens the yield ; a pr<‘-ignition of the anode, and a pre-polariza 
lion of the anode increase the yi(‘ldof dithionate. Under favourable conditions no 
more than a 45 per cent, yield of dithionate could b(‘ obtain(‘d. 

A. Nabl observ(Hl that when a 33 per cent. soln. of sodium thiosulpliate is mixed 
with the calculated (piantity of hydrogen dioxide, and an at‘id added from time to 
time to keep the liquid neutral, sodium dithionate is formed : 2NaS203+H202 
- -2ISraOH l-NaoS^Oc ; if an excess of hydrogen dioxide is used, the dithionate 
is oxidized to sulphate: ILScOef 2H.,S04; and in an alkaline soln., 

IfiNa^SaOa f SH.O^ -12Na2S293+2Na2S()4+Na>,t)o+Na2S406 SH.O. L. l\ de 
St, Gilles observed that an acidic soln. of potassium permanganate oxidizes tliio- 
siilj)hate to dithionate ; and M. Honig and E. Zatzek, and 0 . Luckow observed 
the reaction occurs in acetic acid soln. ; in boiling neutral soln., J. Stingl and 
T, Moraw\skv J^aid that some dithionate is jirobably formed along witli the 
sulphate— Me supra^ thiosulphuric acid. 

M. J. Fordos and A. Gelis observed that trithionates furnish dithionates wlu n 
treated with an acidic soln. of potassium permanganate. J. Meyer observed that 
acidic and alkaline soln, of hyposulphurous acid are oxidized by hydrogen dioxide 
to sulphuric and dithionic acids ; and H. A. Bernthsen, by iodine in a similar way. 
H. Beckurts and R. Otto observed that dithionic acid is probably formed at an int(T- 
mediate stage in the slow thf-rmal decomposition of chlorosulphonic acid into sulf))uir 
dioxide, sulphuric acid, etc. H. Bunte observed the formation of sodium dithionate 
when sodium ethyl thiosulphate is heated to lOCF. F. Raschig obtained dithionates 
by the action of an acklified soln. of potassium permanganate on trithionates. 

Neither dithionic acid, nor dithionic anhydride, S 2 O 5 , has been isolated. The 
acid is known only in aq. soln. J, L. Gay Lussac and J. J. Welter found that when 
the aq. soln. of the acid is evaporated in vacuo over cone, sulphuric acid, at ordinary 
temp., it decomposes when the sp. gr. exceeds 1 * 347 , and the aq. soln. also decom¬ 
poses when warmed, foiming sulphuric acid and sulphur dioxide, ILSoOe—H2SO4 
+SO2. The aq. soln. of dithionic acid is as clear as water ; it is without snudl; and 
has an acidic taste. J. S. Stas noted a slight decomposition when the aq. soln. has 
been kept a little while ; and W. C. de Baat found that a 3~4 per cent. aq. soln. of 
dithionic acid is decomposed into sulphuric and sulphurous acids to the extent of 
3 per cent, in 945 hrs. at 25 ""; and 20 per cent, in 245 his. at 47 °. The alkali and 
alkaline earth salts are stable both in the solid state, and in aq. soln., but the salts 
of the heavy metals are not so stable. K. Klliss said that the aq. soln. of the alkali 
and alkaline earth dithionates can be heated to 100° Without decomposition, though 
the solid salts decompose into sulphur dioxide and sulphate when heated to 100°. 
DiL aq. soln. of the heavy metals decompose when boiled, and couc. soln. may give 
off sulphur dioxide at 50 °. 
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Dithionic acid was analyzed by J. J. Berzelius; and the salts by F. Heeren, 
K. Kliiss, K. Kraut, R. Otto, etc. J. J. Berzelius, and H. Kolbe thought that the 
acid is monobasic ; and forms acid salts as well as complex salts. H. Frey also 
showed that the acid behavcvs like many monobasic acids in having its solvent action 
increased by the addition of neutral salts~W. Ostwald having showed that with 
polybasic acids, the solvent action is decreased by this treatment, H. Frey, there¬ 
fore, gave HSO3 for the formula and regard(‘d it as analogous in many respects to 
hydrochloric acid. The analogy was weakened when lie found that methylene disul- 
phonic acid also behaves lik(' hydrochloric acid. K. Kliiss, and E. Weitz also 
doubted the dibasicity of the acid. VV. Ostwald, however, found that the increase 
in the electrical conductivity of th(‘ sodium salt with dilution -1. 15 , 13 —indicates 
that the acid is dibasic ; and this was confirmed by J. Meyer’s observations on the 
conductivity of the barium salt, and on the lowering of the f.p.of water by the sodium 
and barium salts. H. llertlein’s observations on the conductivity of the acid 
support the view that the acid is dibasic —vide supra, the constitution of the poly¬ 
thionic acids. E. Weitz and H. Stamm studied the subject. A. C. Schultz-Sellack 
pointed out that the ditliionate is not formed by the union of potassium sulpliite 
and sulphur trioxid(‘, so tliat tlie acid is only formally intermediate between 
pyrosulphuric acid, H2S0O7, and })\Tosulphurous acid, 1128205. 

E. Cornec found that tlie curves corresponding with the lowering of the f.p. 
or with the index uf refraction of a solu. of dithionic acid during its progressive 
neutralization with a soln. of sodium hydroxide have each one break corresponding 
with the normal salt. M. Bert helot calculated for the heat of formation 
( 28 , 50 ,H.> 0 ,A^p) dls ; J. Thomsen, ( 2 S 0 .;, 0 ,Aq.)~ 68-95 Cals.; (2S02aq.,0) 

- 53-55 Cals.; (SOaaq^SO.aq.) -- 10-08 Vah. ; ( 2 S,GO, 2 HAq.)- 279-45 Cals.; 
( 28 , 50 ,Aq.)— 211-09 Cals. ; for the heat of neutralization, 2NaOHaq.-*t-S205aq. 
—Na28206+H20 hAq. - 27-07 Cals. ; and for the heat of oxidation to sulphuric 
acid, 73-71 Cals. W "j. Pope' gave 31*39 for the refraction eq. of the 820e“radicle. 
R. Winger calculated values for the valency of the sulphur atoms in the 
dithionates from flu* X-ray spectrum. W. Ostwald foimd the electrical con¬ 
ductivity of soln. of a gram-equivalent of the acid in v litres of water at 25 *^, to be : 

v . . 4 10 04 250 1024 4090 

A . . 79-4 83*2 87-3 90 0 91-0 90-7 

and H. Hertlein, working at the same temp., found the conductivity, A, and tlie 
degree of ionization, a, to be : 

V 43 18 80-30 172-72 345-44 690*88 1381-70 

A . 368-8 378-3 384-8 391-7 395-6 397-4 

a . . 0-896 0-920 0-935 0-952 0-961 0*906 

where the conductivity is expressed in mercury units. The high degree of ioniza¬ 
tion of the acid indicates that it must be regarded as a strong acid. The transport 
number calculated from obscTvations with the sodium salt is 86-4 ; with the potas¬ 
sium salt, 83*5 ; with the barium salt, 75-5 ; and with the thallium salt, 96 * 5 , 
K. Jellinek attempted to calculate values for the ionization constant of the acid, but 
found that the mass law did not apply; M.Rudolplii calculated values for the degree 
of ionization and the ionization constant on the assumption that dithionic acid 
is monobasic. 

According to D. M. Yost and R. Pomeroy, the rate of decomposition of dithionic 
acid into sulphurous and sulphuric acids, at b(f and at 80 ®, and in the presence of 
different proportions of hydrochloric or perchloric acid, is proportional to the cone, 
of the dithionate and to that of the total acid, provided its cone, does not exceed 
0*6AT; but at higher acid cone., the rate increases more rapidly. These facts 
indicate that the cataljrtic effect of the acid is probably one of hydrolysis. W* Spring 
and L. Bourgeois found that dithionic acid is reduced by nascent tiyiltOS6II from 
sodium amalgam, to sulphurous acid. R. Otto obtained a similar result with zinc 
and hydrochloric acid—even at 0® ; and he added that the ditWonic acid is not split 
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into sulphur dioxide and sulphuric acid. Oxidizing agents can transform ditbionic 
acid into sulphuric acid, but as stated by A. Fischer and W. Classen, sodium dithio- 
nate is not readily attacked by cold alkaline or neutral oxidizing agents, and but 
little in acid soln. All the dithionates tried were reported by J. L. Lussac and 
J. J. Welter, and F. Heeren to be soluble in water. A. Longi and L. Bonavia found 
that sodyiam dioxide very slowly oxidizes the dithionates to sulphates. F. Heeren 
said that the acid is not oxidized by lead dioxide ; R. F. Weinland and J. Alfa found 
that when the alkali dithionates are treated with hydrofluoric acid» the hydroxyl- 
group of the acid is replaced by fluorine, and fluodithioiiates are formed. J. L. Cay 
Jjussac and J. J. Welter, and F. He<‘reii found that dithionic acid is jiot affected by 
cold hydrochloric acid, but when the liquid is boiled, the dithionate or dithionic acid 
IS resolved into sulphurous acid and a sulphate without the deposition of sulphur. 
Hence, when an acidic soln. of the dithionate has been boiled a few minutes, it 
decolorizes potassium permanganate, precipitates sulphur from a soln. of hydrogen 
sulphide, and separates gold from a soln. of gold chloride. J. L. Gay Lussac and 
J. J. Welter said that the cold aq. soln. of the acid is not oxidized by an aq. soln. of 
chlorine» but it is oxidiz<‘d in a boiling soln.; and A. J. Balard found that the cold 
aoln. is not oxidized by hypochlorous acid. J. A. Muller found that the action of 
iodine on dithionates is so slow in cold neutral soln. or in soln. acidified with acetic 
acid as not to interfere with the titration of thiosulphates by iodine soln. The action 
IS faster with warm soln., and it proceeds according to the equation NagSoO^+Io 
1 2H20^2NaHS044-2HI. J. A. Muller found that the reaction is iinimoh^cular, 
and it is therefore assumed that it occurs in 3 stages : (i) the liberation of dithionic 
acid (fast); (ii) the decomposition of the dithionic acid into sulphurous and sulphuric 
ac’ids (slow); and (iii) the action of iodine on sulphurous acid (fast). Only the 
velocity of the st^cond reaction is therefore measured. The velocity constant is 
0-00830 at 51 - 3 ^ C. Mayr and I. Szentpaly-Peyfuss observed that while dithionic 
acid is not affected by bromine in the cold, it is completely oxidized to sulphuric 
acid by bromates in boiling hydrochloric acid soln. According to I). M. Yost and 
H Ihuneroy, the rate of oxidation of dithionic acid by dichromate, bromate, and 
lodatc la about the same for these three oxidizing agents, and is independent of their 
cone., and nearly identical with the rate of the decomposition of the acid into 
sulphurous and sulphuric acids. This show^, as J. A. Muller concluded in the ease 
of its oxidation by iodine, that the first step in the oxidation of dithionic acid is 
commonly, if not always, its hydrolysis, and that the sulphurous acid thereby 
produced is then oxidized. F. Heeren found that dithionic acid does not decompose 
hydriodic acid ; nor docs it attack hydrogen sulphide. H. C. H. Carpenter found 
that while barium dithionate is not changed by sulphur dioxide» lead dithionate 
yields lead sulphite and dithionic acid. J. L. Gay Lussac and J. J. Welter, and 
F. Heeren observed that solid dithionates are decomposed by sulphuric acid at 
ordinary temp, with the escape of sulphur dioxide ; but in aq. soln., the effects 
resemble those produced by hydrochloric acid, J. L. Gay Lussac and J. J. Welter 
said that a cold soln. of dithionic acid is not oxidized by cone, nitric acid. H. Bau- 
bigny said that dithionic acid cannot be completely oxidized to sulphuric acid by 
heating it with aqua regia in open or closed vessels. He oxidized a soln. of dithio¬ 
nate to sulpliate by an excess of sodium carbonate and nitrate. K. Kraut observed 
that when a dry dithionate is heated with phosphorus pcntachloride* thionyl and 
phosphoryl chlorides arc produced; and it is also decomposed by phosphoryl 
chloride. A. Gutmann found that sodium dithionate is not reduced by sodium 
arsenite at ordinary temp. According to J. L. Gay Lussac and J. J. Welter, dil. 
dithionic acid dissolves zinc with the evolution of hydrogen, without decomposing 
the acid; and F. Heeren obtained a similar result with iron. P. Neogi and 
R. C, Bhattacharyya found that dithionates are not reduced by magnesium 
amalgam. J. L. Gay Lussac and J. J. Welter, F. Heeren, and A. Longi and 
L. Bonavia observed that in the cold, dithionates and dithionic acid arc not oxidized 
by potassium permanganate. F. Heeren said that the acid is not oxidized by 
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salts of silver, gold, mercury, and platinum-—virfe Table XVIII. Ditbionates arc 
iiot. decomposed by boiling with alkali-lye. A. Gutmann said that sodium dithionate 
i.-i not reduced by SOdium stannite at ordinary temp. 
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§ 41. The Oithionates 

• basic dithionates of the dibasic dithionic acid are known ; 

acid ^Its Lave not been obtained. F. Heercn ^ obtained ill-defined, hair-like 
crystals of ^(^um dithionate, by evaporating, at ordinary 

double decomposition of ammonium sulphate, and barium 
dithionate, K. Kliiss obtained aggregates of colourless needles, which A. Foot 
said are monoclimc, with the cleavage on the (OlO)-face perfect. K. KlAss said that 
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when heated for 3 hrs. at 75 *^, or allowed to stand over cone, sulphuric acid, it loses 
4 * 42 - 4*84 per cent, of water ; and at 130 °, the salt is decomposed ; and F. Heereii 
said that when the salt is heated, it loses 18*44 per cent, of water, sulphur dioxide 
is also given off, and ammonium sulphate remains. W. 0 . dc Raat found that the 
salt lost 4*51 per cent, in weight at 70 °; another 0*14 per cent, at 130 3-97 per cent, 
at 150 °; 30*49 per cent, at 160 ° ; and 32*78 at 165 °. The solubility of the hemi- 
hydratc is 57*05 per cent, at 0 ° ; 60*14 at 10 ° ; 62*43 at 20 ° ; and 64*60 at 30 °. 
F. Heeren said that 100 parts of water at 16 ° dissolve 114*9 parts of the hemihydrate 
—K. Kliiss said 178*6 parts are dissolved at 19 °; both observt^rs found that the 
aq. soln. can be boiled without decomposition ; and that the salt is insoluble in 
absolute alcohol. H. Stamm m(*asured its solubility in aq. ammonia and found 
that soln. with 0 , and 6*882 mols of NH^ per 100 grins, of water, dissolved re- 
s})ectively 1*508 and 2*066 mols of (NH 4 ) 2 S 20 p. K. Kliiss observed that an isomor- 
phous series of complex salts is formed with the dithionates of bivalent zinc, 
cadmium, manganese, iron, cobalt, and nickel. A. Fock and K. Kliiss observed 
that the evaporation of a mixed soln. of ammonium dithionate and chloride* furnishes 
rhombic, bipyramidal crystals of ammonium cblorodithionate, (NHj)oS206.NH4(1, 
with the axial ratios a:h: c~ 0*9827 : 1 : 0*9612 ; perfect cleavage Olathe (KK))- 
faee*; and with the optic axial angle 2 J^— 40 ° nearly. 

A. P. Saban^eff evaporated, at a low temp., the filtrate from a mixed soln. of 
barium dithionate and hydroxylamino sulphate, and obtained crystals of hydroxyl* 
amine dithionate, (NH20H)2.H2S20e, resembling those of ammonium nitrate. 
If the soln. be evaporated on the water-bath, it is partially decomposed, and at 120 °, 
sulphur dioxide escapes, hydroxylamine sulphate remains. The salt is a strong 
reducing agent. The analysis agrees with the above formula, which is isomeric 
with ammonium persulphate. Cryoscopic observations on the aq. soln. indicated 
that a mol. of the salt furnishes three ions, A. P. Sabaneeff also obtained long, 
prismatic crystals of hydrazine hydrodithionate, N2H4.II2S2OC, N2H5.IIS2OU, in 
an analogous manner. The salt is easily soluble in water, and the soln. d(*eomposes 
after standing some time. When the aq. soln. is evaporated over cone, sulphuric 
acid, it yields a mixture of hydrazine sulphate, and hydrazine dithionate, 
2N2H4.H2S2O6, i.e, (N2H5)2S20fl, which is easily obtain(*d by adding barium dithio¬ 
nate to a soln. of hydrazine sulphate previously neutralized with hydrazine hydrate. 

C. F. Rammeisberg prepared hthium dithionate, Li2S206.2H20, by double 
decomposition with barium dithionate and lithium sulphate. H. Topsoe gave 
2*158 for the sp. gr. of the rhombic, bipyramidal crystals which, according to 
H. Topsoe and C. Christiansen, have the axial ratios a :h: : 1 : 0*5779. 

The (lOO)-cleavage is perfect, the optic axial angle 2 F— 78 ° 16 ', and 2 j^~ 159 ° 45 '; 
and the indices of refraction respectively for the D-, and j^-lines are a=l* 5462 , 
1 * 5487 , and 1 * 5548 ; fi-=l* 5565 , 1 * 5602 , and 1 * 5680 ; and y-- 1 * 5765 , 1 * 5788 , 
and 1 * 5887 . A. F. Halliraond discussed the mol. vol. C. F. Rammeisberg found 
that the crystals become moist when exposed to air; they are easily soluble in 
water ; and when heated on the water-bath they lose their wat/cr of crystallization ; 
and at a higher temp,, sulphur dioxide is given off, and lithium sulphate remains. 

H. Bunto obtained anhydrous sodium ditliionate, Na2S206, by heating sodium 
ethyl thiosulphate to 100°, when: 2(NaO.S02.SC2H5HNa2S20o+{C2H5)2S2. 
F. Heeren obtained the dihydrate, Na2S20o.2H20, by crystallization from the aq. 
soln. obtained by adding sodium carbonate to a boiling sqIu. of barium or calcium 
dithionate and filtering. N. Sokoloff and P. L, Malschewsky obtained it by the 
action of iodine on sodium hydrosulphate; W. Spring and L. Bourgeois did not 
succeed in the preparation, but R. Otto and A. Holst^ obtained the-salt by treating 
a dil. soln. of sodium hydrosulphatc with a dil. soln. of iodine in one of potassium 
iodide, neutralizing with sodium liydroxide, and evaporating the liquor. The 
dihydrate can also be precipitated from its aq. soln. by alcohol. K, Kraut said that 
the cooling of the aq. soln. of the salt, saturated with sulphur dioxide, furnishes 
crystals of the hexahydrate, Na2S20e.6H20, which resemble those of sodium 
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phosphate. R. Hac obtained a 75 per cent, yield by luxating one part each of sodium 
sulphite and lead dioxide with two parts of water until all the sulphite had dissolved; 
passing in carbon dioxide ; filtering ; neutralizing with lactic acid ; and concentrat¬ 
ing for crystallization. The clear, prismatic crystals of the dihydrate were examined 
by F. Heeren, C. F. Rammeleberg, J. Grailioh and V. von Lang, and A. des Cloizeaux. 
The axial ratios of the rhombic bi pyramidal crystals were found by H. Baker to be 
a:h: c~ 0-9922 :1 : 0-5981 ; and the (llO)-cleavage is perfect. C. Gaudefroy 
studied the dehydration figures. J. Grailich and V. von Lang gave 2 F= 73 ° 26 ^ 
for red-light; 75"" 14 ' for yellow-light; and 76 ° 28 ' for green-light; and 

2 £’= 126 ° 38 ' for red-light, and 126 ° 4' for blue-light; while A. des Cloizeaux gave 
2 ^= 126 ° 4 ' for red-light; 129 ° 33 ' for yellow-light; and 139 ° 2 ' for blue-light. 
There is no perceptible change in these angles when the crystals are heated to 75 °. 
J. Grailich and V. von Lang studied the corrosion figures. H. Topsoe gave 2*189 
for the sp. gr. ; P. Groth, 2*196 ; and H. Baker, 2*175 at 11°. A. F. Hallimond 
discussed the mol. vol. F, A. H. Schreinemakers and B. C. van B. Walter studied 
the osmosis of aq. soln. J. Thomsen gave for the heat of formation ( 2 Na, 02 , 2802 ) 
- 256*65 Cals.; ( 2 Na, 02 , 2 S 02 , 2 Ho 0 )- 262*93 Cals.; and (Na2S04,S02)=-0*86 
Cal. The heat of neutralization, (Na0Haq.,8205aq.'i = 27*07 Cals.; and the heat 
of soln. of the anhydrous salt in 400 mols of water at 18 ° is — 5*37 Cals. ; and of the 
dihydrate, — 11*65 Cals. J. Grailich and V. von Lang found for red-, yellow-, 
and green-light, the respective indices of refraction a=l* 4803 , 1 * 4820 , and 1*4838 ; 
S=l* 4927 , 1 * 4953 , and 1 * 4978 ; and y=l* 5158 , 1 * 5185 , and 1 * 5212 . V. J. Sihvonen 
found maxima in the ultra-red reflection 8j)ectrum of sodium dithionate at 8'2/x, 
10 *lfi, 17 * 3 /x, and 19 * 4 p. P. Bary observed that sodium dithionate is fluorescent 
when exposed to the X-rays. W. Ostwald gave for the electrical conductivity of 
a mol of the salt in v litres of water : 


V . 

. 32 

64 


128 

256 

612 

1064 


. 109-6 

116-1 

120-6 

123-4 

126-7 

130-4 

C. Watkins and H. C. Jones found the molar conductivity, fx mhos, and percentage 
ionization, a, of soln. with a mol of salt in v litres : 

V 

8 

16 

32 
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1024 2048 

4096 

( 0° 

91-28 
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180-9 
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312-7 

J 

66-6 

71-6 

77-6 
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93-8 

98-6 100-0 

100-0 

135° 

64-4 

70-1 

76-8 

86-7 

93*5 

98-1 100-0 

100-0 

0. Pape found that the 

crystals of the dihydrate begin to effloresce at 55°. 

W.C.de 


Baat found that the salt lost 18*85 per cent, at 130° ; 14*89, at 150°; 15*13, at 170° ; 
15*51, at 182°; 18*34, at 195°; 36*50, at 235°; and 41*23, at a red-heat. The 
solubility of the dihydrate is 6*05 per cent, at 0° ; 10*63, at 12° ; 13*39, at 20°; 
and 17*32, at 30°. F. Heeren said that 100 parts of water at 16° dissolve 47*6 parts 
of salt, and 90*9 parts of salt at 100°. Boiling does not decompose the aq. soln. 
J. Cornog and W. E. Henderson said that a iV-soln. of sodium dithionate is not 
decomposed by prolonged boiling, but; when heated in closed tubes at 150°, complete 
decomposition occurs within 6 hours. In the presence of excess of air the final 
reaction is MS 20 e+H 20 + 0 ==MS 04 -f-H 2 S 04 , but in an inert atmosphere the 
reaction is more complex. Decomposition is favoured by increasing cone, and 
low press., and is accelerated by the initial presence of sulphur dioxide. The 
primary decomposition probably results in the formation of metallic sulphate and 
sulphur dioxide, and is followed by secondary reactions in which sulphur or sulphuric 
acid are formed. The salt does not dissolve in alcohol; and it is precipitated by 
fuming hydrochloric acid from its aq. soln. H. Stamm measured its solubility 
in aq. ammonia. W. Spring observed that the aq’ soln. is reduced to sulphite by 
sodium amalgam. 

F. Heeren made potassium diihionate» K 282 O 6 , from the liquid obtained by 
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beating an aq. soln. of barium dithionate with potassium sulphate or carbonate, 
or manganese dithionate with potassium hydroxide; F. von Hauer, from the 
liquid obtained by boiling potassium sulphite with manganese dioxide; and 
B, Rathke, from the soln. obtained by digesting potassium hydrosulphite with 
lead dioxide. F. Heeren said that the clear, colourless, prismatic crystals belong 
to the hexagonal system ; and, according to C. S. Weiss, the crystals are trigonal 
with the axial ratio a : : 0 * 6467 , and a-- 108 ® 27 '. Measurements were also 

made by A. Fock, E. Bichat, and V. von Lang. Twinning was observed by A. Fock, 
and he also observed the corrosion figures produced by sulphuric acid. 
M. L. Huggins and ( 4 . Frank found that the X-radiograms of the hexagonal crystals 
show that the space lattice has the dimensionsa= 9*8 A.,and c~ 6*45 A., and contains 
6 K, 6 S, and 180 atoms. The S-atoms are in pairs on the three-fold symmetry 
axis, each S-atom having three 0 -atoms symmetrically placed around it. 
H. Topsoe gave 2*277 for the sp. gr., and H. Hertlein, 2*277 to 2 * 280 . H, Hertlein 
gave 104*64 for the raol. vol. The sp. gr. of soln. with 1 * 183 , 3 * 003 , and 
5*618 per cent, of salt were found by H. Hertlein to be 1 * 00804 , 1 * 02045 , and 
1*03860 respectively at 20 ®, and the mol. vol. respectively 77 * 728 , 79 * 284 , 
and 80 * 685 . M. Berthelot gave 411*40 Cals, for the heat of formation of the salt 
from its elements; F. Martin and L. Metz, 415 Cals. ; and J. Thomsen, 415*72 
Cals. J. Thomsen gave for the heat of soln. in 400 mols of water at 18 °, — 13*01 
Cals.; the heat of neutralization, 2 KOHaq .4 H2S206aq.—K2S20eaq.+ 27*07 Cals. 
H. Topsoe and C. Christiansen found for the indices of refraction co— 1 * 4532 , and 
€== 1*51195 for the C-line; 60 = 1 * 4550 , and €== 1*5153 for the D-line; and co=l * 4595 , 
and €=■ 1*5239 for the F-line. A, Ehringhaus and H. Rose studied the refractive 
index and dispersion. C. Pape found that crystals of the salt are optically active ; 
the same salt may deposit dextro- and laevo-rotatory crystals; the sp, rotatory 
jx)wer is about one-third the value of quartz, being 6 ° 18 ' for the C-)ine ; 8 ° 39 ' for 
the D-line; 10 ° 51 ' for the D-line; and 12 ° 33 ' for the D-line. E. Bichat gave 
8 ° 7 ' for the D-line. The aq. soln. are inactive. H. Hertlein gave for the sp. 
refraction of an aq. soln, of the salt at 20 ° for Na-light respectively with the /i- 
and the /x^-formulae to be 0*2108 and 0 * 1246 , and for the mol. refractions respectively 
50*25 and 28 * 71 . V. J. Sihvoncn found reflection maxima in the ultra-red spectrum 
of solid sodium dithionate at 8 * 2 /x, 10 *^. 17 ' 6 /x, and 19 * 3 /x. P. Bary found that 
potassium dithionate is not fluorescent when exposed to the X-rays. H. Hertlein 
gave for the electrical conduct!\^ity, jm, of soln. of a mol of the salt in v litres of water 
at 25 ° : 

V . . 32 64 128 266 612 1024 oo 

ft . . 121-4 128-9 135*3 140-2 144-8 148-0 164-1 

W. G. Hankel and E. Lindenberg studied the piezoelectricity of the crystals, which 
resembles that of quartz. F. Heeren found that the salt has a bitter taste, is stable 
in air, decrepitates when heated, and then decomposes, leaving a residue of i)ota8siura 
sulphate. W. C. de Baat found that the salt lost 1*85 per cent, at 110°; 3*16, at 130° : 
3*67, at 150°; 12*83, at 170°; 28*24, at 182° ; 29*24, at 195° ; and 29*24, at a red- 
heat. The salt was found by F. Heeren to be soluble in water —100 parts of water 
at 16° dissolve 6*06 parts of salt, and at 100°, 6*33 parts ; and is insoluble in alcohol. 
W. C. de Baat gave 2*52 per cent, for the solubility of the potassium salt at 0°; 
4*28, at 12° ; 6*23, at 20° ; and 8*54, at 30°. 

R, F. Weinland and J. Alfa prepared crystals of nibidiiim dithianate, by double 
decomposition with rubidium sulphate and barium dithionate. The crystals are 
isomorphous with the potassium salt, and J. Piccard said that the axial ratio of the 
trigonal crystals is a ; c=l : 0*6307, and a=108° 56'. H. Topsoe and C. Christiansen 
gave for the indices of refraction, ai=l*4556 and €=1*5041 for the C-line; 6u=l*4574 
and c=l*6078 for the D-line; and 60=1*4623 and e=l*5167 for the D-line. 
A. Eringhaus and H. Bose found for the index of refraction of rubidium dithionate 
at about 26°, for lines of wave-length A in^tfi: 
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A 

CO 

C 


718*5 

1*45438 

1*47576 

0*02138 


623*9 

1*45688 

1*47867 

0*02179 


589*3 

1*45729 

1*48005 

0*02276 


491*6 

1*46160 

1*48586 

0*02426 


404*7 

1*46850 

1*49508 

0*02658 


H. Rose prepared the licmihydralc, Rb2SoOQ.|H2G, but the crystals were not 
measurable. 0 . Chabrie prepared caesium dithionate by mixing at 60 ° soln. of 
20*996 grms. of caesium sulphate, and 17*226 grms. of barium thiosulphate, and 
evaporating the filtered liquid in vacuo. The colourless hexagonal plates decom¬ 
pose when heated, forming sulphite and sulphate. H. Rose gave for the axial ratio 
of the hexagonal crystals of Cs 2 S 20 ft, (i .* c~l : 0*6316 ; and said the salt is isoinor- 
phous with the dithionates of potassium and rubidium. The optical character is 
negative. A. Eringhaus and 11 . Rose found for the index of refraction of cjesium 
dithionate at about 25 ° for lines of wave-length A in {Xfx : 


A . 

CO . 
£ . 


718*5 

1*51906 

1*53847 

0*02111 


623 9 
1*52184 
1*54211 
0*02027 


589*3 

1*52298 

1*54380 

0*02082 


513*2 

1*52686 

1*54937 

0*02251 


404*7 

1*53059 

1*56404 

0*02745 


H. Rose prepared the hemlhydrate, Cs 2 S 20 e.iH 20 , in rhombic crystals with the axial 
ratios a : 6 : 0 =^ 0*8832 : 1 : 6*5058 ; the optic axial angle, 2 ^= 50 ° 5 '. 

F. Heeren prepared blue, tabular crystals of CUpric dithioilEt6» CU82O6.4H2O, 
from the product of the raetathetical action of barium dithionate and cupric sulphate 
soln. K. Kliiss evaporated the filtered soln. between 35 ° and 40 °. F. Heeren’s 
analysis indicates that the product is the tetrahydrate. J. Grailich, and A. Murmann 
said that the crystals are triclinic, and resemble the pentahydrate. K. KlUss 
found that the crystals are stable in air, and lose no water over cone, sulphuric 
acid. F. Heeren showed that the crystals decrepitate when heated, and then 
decompose, leaving cupric sulphate as a residue ; and K. Kliiss, that when the cone, 
aq. soln. is evaporated on a water-bath between 50 ° and 55 °, sulphur dioxide is 
evolved. F. Heeren said that the salt is easily soluble in water, and insoluble in 
alcohol. According to H. Topsoe, and K. Kliiss, when the aq. soln.is evaporated spon¬ 
taneously, or by very gentle heat, dark blue, triclinic plates or prisms of the 'penta¬ 
hydrate, 0uS20(j.5Ho0, are formed. H. Topsoe found for the axial ratios a:b: c 
= 0*9527 :1 : 0 * 5790 ‘ and a= 105 ° 32 i', i 3 = 117 ° 34 J', and y= 65 ° 37 '. The ( 010 )- 
cleavage is perfect, while the (lOl)-cleavage is less complete. Measurements were 
also made })y C. F. Rammelsberg, and the crystals measured by A. Handl were 
probably this salt. The crystals deliquesce is moist air ; effloresce in dry air ; and 
lose a mol. of water over sulphuric acid or calcium chloride. J. Thomsen gave 
— 4*87 Cals, for the beat of soln. of the pentahydrate in 400 mols of water at 18 °. 
K. Kliiss said that 100 parts of water dissolve 156*2 parts of salt at 18 * 5 °. W. C. de 
Baat gave 43*82 per cent, for the solubility of the tetrahydrate at 0 ° ; 44 * 91 , at 20 ° ; 
and 45 * 51 , at ^°. F. Heeren said that the crystals detonate when heat/cd. 
H. Topsoe found that when the crystals are slowly heated, they decompose at 100 °, 
and at a higher temp., leave a residue of copper sulphate. The cone. soln. gives off 
sulphur dioxide when evaporated on a water-bath. W. C. de Baa;t; said that the 
tetrahydrate loses 40*43 per cent, at 95 °; 44 * 09 , at 180 °; and 46 * 52 , at 185 °. 
K. Kliiss obtained a pale blue powder of cupric hexahydroxydithionate, 
3CuO.CuS2Oe.3H2O, i,€, 3 Cu( 0 H) 2 .CuS 20 e, by mixing dil, soln. of copper acetate 
and sodium thiocyanate at 70 °, and by treating a soln. of the normal salt and sodium 
acetate or cupric acetate ; and P. Sabatier, by allowing a soln, of the normal salt 
to act on 4CUO.H2O for a few weeks. A. Werner regarded it as a hexol-salt, 


P. Sabatier’s product appeared iu pale blue, minute, hexagonal plates. K. Kliiss 
added that this basic salt is insoluble in water, and in soln. of sodium acetate, but 
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traces dissolve in a cone. soln. of copper dithionate. The salt is soluble in dil. acids, 
in acetic acid, and in dithionic acid. The salt is stable in air, and does not absorb 
carbon dioxide therefrom. Boiling water gradually transforms it into cupric oxide, 
and the acid is abstracted by warm water. At 10 ()°, the salt loses traces of water, 
and at a higher temp., it slowly turns dark green, then dirty green, yellowish-green, 
and at a dull red-heat it becomes ochre-yellow, forming cupric oxysulphate mixed 
with a little cop})er oxide. F. Heeren reported a hydrate, 3 Cu( 0 H) 2 .CuS 20 fl.H 20 , or 
3CuO.CuS2Ofl.4H2O, to be formed by treating a soln. of the normal salt with a little 
ammonia ; and K. Kliiss, by the action of a cone. soln. of copper dithionate on copper 
hydroxide. The properties of these two basic salts appear to be similar, and 
P. Sabatier said that this hydrate does not exist. 

According to J. S. C. Schweizer, if the basic salt be dissolved in aq. ammonia 
of sp, gr. 0 * 945 , the liquid dissolves cellulose, makes gun-cotton gelatinous, and does 
not dissolve starch flour, but, according to J. Schlossberger, makes it swell up. 
F. Heeren found that when a dil, soln. of copper dithionate is treated with ammonia 
until the precipitate is dissolved, and the liquid allowed to stand, crystals of copper 
tetramminodithionate, CiiS 20 fl. 4 NH 3 , are formed ; J. S. C. Schweizer obtained the 
salt by treating a soln. of copper tetramminosulphatc with barium dithionate; 
and D. W. Horn, by gradually adding 35 c.c. of aq. ammonia, of sp. gr 0 * 9 , to a soln. 
of 8 grrns. of copper dithionate in 12 c.c. of water. The salt can be crystallized 
from aq. ammonia. The azure-blue, rect¬ 
angular plates or prisms were found by 
J. S. (\ Schweizer to become dark green at 
100 ', and are decomposed with the loss of 
ammonia and sulphur dioxide, and the forma¬ 
tion of copper sulphate. F. Heeren said that 
the salt is a little soluble in cold water, 
forming, according to K. KIuss, a blue basic 
salt. J. S. C. Schweizer added that the salt is 
readily soluble in water at 40 *^, but in the 
ah.s(‘nce of ammonia the salt is hydrolyzed; 
at a temp, exceeding 60 '^, cupric hydroxide is 
precij)itaied and ammonium dithionate remains 
in soln. Th<; soln. is decomposed by hydro¬ 
chloric acid with the preeijntation of a basic 
chloride. D. W. Horn said that the salt is dissolved by liquid ammonia, forming 
copper enneamminodithioiiate, CuS 20 fl. 9 NH 3 , which decomposes rapidly at ordinary 
temp., forming the tetranimine. G. T. Morgan and F. H. Burstall prepared copper 
bisethylenediamixiedithionatey LCuen2]S20e, in purple-red crystals, by mixing 
4*8 gims. of sodium dithionate, 5*0 grms. of copper sulphate, and 2*4 grms. of 
ethylonodiamine in aq. soln., and drying the salt over sulphuric acid. This complex 
cupric tbionate is quite stable in air at the ordinary temp., and on heating it decom¬ 
posed with blackening at 260 °. It is only very sparingly soluble in cold w'ater, 
but dissolves more readily on warming to form a stable purple soln. Barium chloride 
and silver nitrate are without action on the hot or cold soln.; with sodium hydroxide 
the colour is changed to blue, whereas with mineral acids it is discharged. K. Kliiss 
prepared ammonium copper dithionate, (^114)28206.20118206.81120, from a soln. of 
the component salts in the molar proportions 1 :1 or 1 : 2 ; or by adding the 
necessary quantity of ammonium cupric sulphate to barium dithionate. The 
filtered soln. furnishes pale blue crystals which, according to A. Fock, are monoclinic 
prisms with the axial ratios a:b: c== 0'6874 :1 : 0 * 3549 , and jS— 95 ° 30 '. The 
optic axial angle When heated in a test-tube, some cuprous oxide is 

formed. W. C. de Baat obtained a curve resembling Fig. 128 , for the ternary 
system (NH 4 ) 2 S 206 -"CuS 2 b 6 ~H 20 , at 30 °. The curve ad represents the solubility 
with CUS2O6.4H2O as the solid phase; de, the solubility with the complex 
ammonium copper dithionate as the solid phase; and eb, the solubility with 



Ficj. 128.—The Ternary SynU^m : 
CuSjO,-(NH 4 )>S, 0 ,-H.>), at 30" 
(Diagrammatic). 
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(NHe) 2 S 206 . JH 2 O as the solid phase ; while d and e are triple points—2 solids and 
one soln. The percentage solubilities are : 

CuSjO, . 45*61 37*26 36^19 3604 29*70 24*17 10*46 0 percent. 

(NH*),SgOe 0 16*16 18^39 18 50 29*28 38*30 62*62 64*60 

F. Heeren prepared silver dithionate, Ag 2 S 2 O 0 . 2 H 2 O, from a soln. of silver 
carbonate ; and, added J. 8 , Stas, the acid should be freshly prepared because when 
kept it is liable to suffer some decomposition. Moist silver sulphite was found by 
H. Baubigny to form dithionate when exposed to heat or light. The rhombic, 
bipyramidal crystals were found by H. Baker to have the axial ratios a :b: c 
=0*9884 : 1 : 0*5811. The crystals were also examined by F. Heeren, C. F. Rammels- 
berg, and V. von Lang. The (llO)-cleavage is perfect; and H. Topsix* and 
C. Christiansen found the optic axial angles to be 2 F —33'^ 21 ' and 48' for 

the Cdine; and 2F=28° 6 ', and 2A'-^47®59' for the F-line. H. Topsoe gave 
3*605 for the sp. gr., and P. Groth, 3*620. J. Thomsen gave —10*36 Cals, at 18"^ 
for the heat of soln. of the dihydrate in 4(X) inols of water. H. Topsoe 
and C. Christiansen found the indices of refraction a““l*6272, j8=1*6573, and 
y==-l*6601 for the C-line, and a=l*6404, ^8=1*6748, and y=l*6770 for the F-line. 
The birefringence is negative. M. Lob and W. Nernst measured the transport 
number. F. Heeren found that the crystals are stable in air, but blacken when 
exposed to light; they decompose when warmed, forming a grey powder ; and 
with boiling water, some silver sulphide is formed. 100 grms. of water at 16^^ 
dissolve 50 grms. of salt. When an aq. soln. is saturated with ammonia, it furnishes 
small rhombic crystals of silver tetramiiiiiiodithionate» Ag 2 S 2()6 4 NH 3 .H 2 O. The 
salt is coloured grey when exposed to light; and when heated it gives off water, 
ammonia, ammonium sulphite, and some free sulphuric acid, and there remains 
silver sulphate. C. F. Rammelsberg said that the tetrammine dissolves in water 
without decomposition. K. Kraut obtained what he regarded as sodium silver 
dithionate, Na 2 S 2 Oe.Ag 2 S 2 Oe. 6 H 2 O, from a soln. of molar proportions of the com¬ 
ponents. K. Kliiss showed that the resulting rhombic, bipyramidal crystals are 
solid soln. H, Baker gave for the axial ratios a : 6 : c=0*9813 :1 : 0*5856. The 
(llO)-cleavage is perfect. 

F. Heeren prepared caldom dithionate, CaS 20 e. 4 H 20 , by adding milk of lime 
to a soln. of manganese dithionate. The six-sided plates, stable in air, were also 
prepared by C. Pape, and E. Bichat. H. Topsoe said that the axial ratio of the 
trigonal crystals is a : c=l : 1*500, and a= 8 r 42'. The (lll)-cleavage is perfect. 
H. Baumhauer, C. Pape, and L. Sohneke studied the corrosion figures ; and C. Gaude- 
froy, the dehydration figures, H. Topsoe gave 2*180 for the sp. gr.; H. Baker, 
2*175 at 11 ® ; and P. Groth, 2*183. V, von Lang studied the thermal conductivity. 
J. Thomsen found the heat of soln. in 400 mols of water at 18® to be — 7*97 Cals. 
The heat of dilution of calcium dithionate was shown by W. Nernst and W. Orthraann 
to be positive. H. Topsoe and C. Christiansen found the index of refraction to be 
<0=1*5468 for the C-line; 1*5496 for the D-line; and 1*5573 for the F-line. The 
birefringence is negative, C. Pape gave 2® 1 ' for the optical rotation of the crystals 
with green-light—soln. are inactive. The crystals were found by C. Pape to 
effloresce at 78®. W. C. de Baat said that the crystals lose 26*1 per cent, at 110 ®; 
26*5, at 140® ; 27*1, at 145®; 27*4, at 165®; 49*1, at 195®; and 49*85, at a red-heat. 
F. Heeren found that 100 grms. of water at 19® dissolve 40*65 grms. of the salt, and 
125*0 grms. at 100®. W. C. de Baat found the solubility of the tetrahydrate to be 
13*80 per cent, at 0 ® ; 17*63, at 12 ® ; 20*25. at 20 ® ; and 23*29, at 30®. F. Ishikawa 
and 6 . Kimura gave for the solubility of calcium dithionate in S grms. of anhydrous 
salt per 100 grms. of soln.: 

0* 10* 20" 80" 50* 70* 90* 

S . . 13 86 17*20 20*18 23 12 28*48 33*14 28*04 

Sp. gr. . 1*1213 M604 M772 1*2016 1*2470 1*2900 1*338 

The solid phase is CaS 20 ^. 4 HjO; and the eutectic point occurs with ^8=13*40, 
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ai)(i at —2-09°. 2*04 grins, of calcium dithionate in 100 grms. of soln. lowers the 

f.p. by 0-32°; 5-84 grms., by 0*85®; 9-10 grms., by 1*38°; 9-23 grms., by 1-4U ; 
and 13*40 grms., by 2*09'^. F. Heeren said that the salt is insoluble in alcohol; and, 
according to A. Nauniann, insoluble in acetone. F. Heeren prepared strontium 
dithionate, SrS 20 e. 4 H 20 , in six-sided plates, belonging to the trigonal system, and 
having, according to C. F. Rammelsbcrg’s calculations from F. Heeren’s measure¬ 
ments, a : 1*5024, and a=81° 47'. Observations were also made by H. de 
Si^narmont, and W. (1. Hankel and E. Lindenberg. The (lll)-cleavage is imperfect, 
(’orrosion figures were observed by H. Baumhauer, and L. Sohncke; and the 
dehydration figures by C. Gaudefroy. H. Topsoe gave 2*373 for the sp. gr., and 
P. Groth, 2*348. J. Thomsen found the heat of soln. in 400 mols of water at 18° 
to be —4*62 Cals. H. Topsoe and C. Christiansen found the indices of refraction 
to be a>~-l*5266 and €—1*5232 for the C-line; co=l*5296 and e—1*5252 for the 
Mine ; and co—1*5371 and c— 1 *5312 for the F-lirie. A. Fock also gave co—1*5293 
and e™ 1*5252 for the />)-line. C. Pape gave 1 ° 6 ' for the optical rotatory power, 
and G. Bodliinder, 3° 39 ' for yellow-light—aq. soln. are optically inactive. 

A. Ehringhaus and II. Rose studied the refractive index and dispersion. R. Robl 
observed no fluorescence with the salt in ultra-violet light. W. G. Hankel and 

E. Lindenberg studied the piezoelectricity of the crystals. F. H(‘eren found that 
the crystals decrepitate when heated, and at a higher temp, decompose leaving a 
residue of the sulphate. W. C. de Baat observed that the crystals lost 17*18 per cent, 
at 90°; 40*88, at 110 *^; 41*23, at 125° ; and 42*54, at a red-heat. F. Heeren found that 
1 (X) parts of water at 16° dissolve 22*22 parts of salt, and at 100°, 66*67 parts. W. C. de 
Baal gave 4*51 for the percentage solubility of the tetrahydrate at 0 ° ; 7*37, at 10° ; 
10*80, at 20 °; and 23*29, at 30°, F. Heeren found that the salt is soluble in alcohol. 

J. L, Gay Lussac and J. J. Welter, and F. Heeren prepared barium dithionate, 
Ba 820 o- 2 H 20 , as in the case of the calcium salt. The analyses of J. L. Gay Lussac 
and J. J. Welter, F. Heeren, and R. H. Ashley agree that the salt is the dihydrate, 
J, C. G. de Marignac found that the monoclinic prismatic crystals have the axial ratios 
a : b : c—0*9343 : 1 : 0*14030, and j3=110° 37'. The crystals were also examined by 

F. A. Walchner, V. von Lang, and C. F. Rammelsberg. The (1 ll)-cleavage is perfect. 
H. Baker gave 4*536 for the sp. gr., at 13*5°. F. A. H. Schreinemakers and B. C. van 

B. Walter studied the osmosis of the aq. soln. J. Thomsen gave for the heat of soln. 
in 400 mols of water at 18°, —6*93 Cals. P. Bary found that the salt is fluorescent 
when exposed to X-rays or to BecquerePs rays ; and V. J. Sihvonen found maxima 
in the ultra-red spectrum for the wave-length 8*2/i, 10*^, and 18*0/x. R. H. Ashley 
said that the crystals do not effloresce readily in air; and J. L. Gay Lussac and 
J. J. Welter found the crystals to be stable in air; to decrepitate when heated; and 
at a higher temp, decompose, F. Ishikawa and G. Kimura found that the dehydra¬ 
tion of barium dithionate at different temp, leads directly to the formation of the 
anhydrous salt; at 90°, a very small amount of barium sulphate is formed. The 
reaction BaS 20 e=BaS 04 -fS 02 is irreversible; it proceeds very slowly at 140°, 
but is complete after 30 mins, at 700°. W. C. de Baat observed that 11*2 per cent, 
of water is lost at 110° ; 11*8, at 140° ; 16*4, at 145° ; 28*9, at 165° ; and 30*16, 
at a red-heat. J. Cornog and W. E. Henderson found that iV'-soln. of barium 
dithionate behave on heating like those of sodium dithionate (j.v.). J. L. Gay 
Lussac and J. J. Welter reported that 100 parts of water at 8*14° dissolve 13*94 
parts of salt; F. Heeren gave 24*75 parts of salt at 18°, and 90*9 parts at 100°. 
H. Baker said that the sat. aq. soln. boils at 102°, and the solubility at this temp, 
is 100*1 grms. per 100 grms. of water. W. C. de Baat found 7*86 for the percentage 
solubility of the dihydrate at 0° ; 12*46, at 12° ; 15*75, at 20° ; and 19*86, at 30°. 
F. Ishikawa and G. Kimera gave for the solubility of barium dithionate in S grms. of 
anhydrous salt per 100 grms. of soln.: 


OO 

10 ^ 

20 ’ 

30 * 

60 * 

70 * 

90 * 

. 7*76 

11*56 

15*63 

19*70 

26*91 

33*08 

38*42 

. 1*0702 

M049 

M430 

M839 

1*2500 

1*3240 

1*3870 


Sp, gr. . 
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The solid phase is BaS 20 (j. 2 H 20 ; and the eutectic point occurs with #Si=7*55, and 
at -0*64°. 2-24 grms. of barium dilhionate in 100 grins, of soln. lower the f.p. 
by 0-240'=’; 3-98 grms., by 0-340°; 5-70 grms., by 0-480°; 7-55 grms., by 0-040°. 
F. Heeren said that the salt is insoluble in alcohol; and A. Naumann, insoluble in 
methyl acetate. R. Otto said that the aq. soln. is reduced by sodium amalgam to 
sulphite— vide supra. F. Heeren, J. C. G. de Marignac, and C. F. Rarnmelsberg 
said that below 5° the aq. soln. furnishes crystals of the tetrahydrate, BaS 2 O 0 . 4 H 2 O. 
The former said that the monoelinic prisms have the axial ratios a : b: c 
=1-2215 : 1 : 1-1272, and ^=94° 16'. Th^ sp. gr. given by II. Topsue is 3-142, and 
by F. W. Clarke, 3-05, at 24-5°. G. N, Wyrouboff gave for the optic axial angle 
2F=87° 20'; and 1-532 for the index of refraction for reddight; the bi-refrin- 
gence is positive. F. Heeren said that the crystals of the tetrahydrate rapidly 
effloresce, forming the dihydrate ; and when heated, the crystals pass into barium 
sulphate without melting or changing their form. A. Fock and K. Kliiss evaporated 
a soln. of eq, proportions of barium dithionate and chloride, and obtained colourless, 
prismatic crystals of barium chlorodithionate, BaS 20 e.BaCl 2 . 4 I-l 20 . The triclinic 
crystals have the axial ratios a : 6 : c=0-6720 : 1 : 0-6398, and a=107° 12 ', 
^=98° 11', and y=99° 57J'. W. C. dc Baat found that the evidence of the forma¬ 
tion of ammonium barium dithionate is indefinite. The solubilities at 30° are : 

BaSaO, . 19-76 17-20 10-26 6-92 2-75 1-05 0-35 0 per cent. 

{NH4),S20e . 0 11-00 37-26 40-15 48-45 53-81 58-64 64-60 

W. C, de Baat measured the solubility of the dithionates of the three alkaline 
earths in mixtures of alcohol and water, and found the results could be represented 





Fig. 129. — Ternary System with Salt, Fig. 130.—Ternary System ; 

Water, and Alcohol (Diagrammatic). (NH 4 ) 2 S 204 -Sr 2 Sa 0 g~H 20 at 30°. 

graphically by curves of the type indicated in Fig. 129, where ah represents the 
solubility of the hydrate—Ba 8206 . 2 Hjj 0 , Sr 820 e. 4 H 20 , or GaS208.4H20—and he, 
the solubility of the’ anhydrous salt. In the ternary system, the soln. contained, 
at 30°: 


Alcohol 

. 0 

4-67 

16-86 

21-36 

31-91 

61-24 

88-69 per cent 

BaSaO* 

. 19-86 

12*74 

4-24 

2*74 

0-86 

0-03 

0-00 

Alcohol 

. 0 

14-48 

37-22 

60-39 

76-13 

90-05 

98-63 

SrS,0* 

. 14-90 

5-40 

0-68 

0-08 

0-0012 

0-00 

0-00 

Alcohol 

0 

16-50 

40-39 

50-96 

73-08 

82-79 

99-80 

CaS,Oo 

. 23-29 

12-55 

3 31 

1-39 

0-11 

0-063 

0-00 


Ternary systems with pairs of salts in contact with water furnish curves resembling 
Fig. 130, when no double salt is formed. This is the case, for example, with mixtures 
of strontium and ammonium dithionates at 30°, where oc represents the solubility 
of the hydrate Sr8206.4H20 ; and he, that of the hydrate (NHjlaSzOfl.JHgO, where 
h is the triple point with both hydrates (italicized in the Tables) as solid phase, at 30°. 

SrS,0, . . 14-90 10-73 2-77 2-77 0-98 0 per cent. 

(NH/).S,0, 0 16-85 66-51 60-66 63-73 64-60 „ 
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Similarly also with 


kSrSjOe • 

14*90 

12*24 

JO-09 

6*65 

0 

per cent. 

Na.^S,Oa 

0 

6*91 

13-06 

14*62 

17'32 

BaS*0, . 

. 19*76 

17*06 

14-49 

13 23 

7*32 

0 per cent. 

NaoH.O, 

0 

6*36 

13-19 

13*31 

14*87 

17*32 

BdSjjOft . 

. 19*86 

20*64 

20-69 

11*74 

6*02 

0 

KgSgO* . 

0 

4*16 

8*03 

8*33 

8*49 

8*5 

HaSgOrt . 

. 19-86 

13*37 

5*86 

1*92 

0*90 

0 

Mg8gO« . 

0 

7*06 

18*91 

29*10 

34*57 

35-24 


1'liere is here no evidence of the formation of complex salts, and similar results were 
obtfiined at tern}), down to 0®. On the other hand, K. Kraut report(*d sodium 
barium dithionate, Na2Ba(S20e)2.4H20, and H. Schiff, Na2Ba(S206)2-bH20; 
but K. lijaut later showed that the product is only a solid soln. of the component 
salts. G. Bodliinder evaporated the filtered soln. obtained after mixing rubidium 
sulphate with an excess of barium dithionate ; and recrystallized the product from 
hot water. Analyses agree with rubidium barium dithiouate, Rb4Ba(S20o)3.H20. 
I'he white, needle-like crystals are more soluble in hot than in cold water, and the 
soln. is easily imdercooled. 100 c.c. of water at 15° dissolve 10*34 ^ms. of the salt ; 
an excess of barium dithionate increases, and an excess of rubidium dithionat(' 
decreases the solubility. 

K. Kliiss obtained what he thought to be beryllium hexahydroxydithionate, 
5Be0.2S206.14H20, or 3Be0.2BeS206.14H20, or 3Be(0H)2.2BeS206.1lH20, by 
digesting dithionic acid with an excess of freshly precipitated beryllium hydroxide 
at 30°~35°. The clear soln, on evaporation over sulphuric acid in vacuo, gives a 
viscid mass which does not crystallize. It is easily soluble in water and absolute 
alcohol. When heated, water and sulphur dioxide are evolved ; at a red-heat, 
sulphuric acid escapes, and beryllia remains. 

F. Heeren obtained six-sided, prismatic crystals of magnesium dithionate, 
MgS 206 , 6 H 20 , by double decomposition with magnesium sulphate and barium 



PiO. 131.—Ternary System : 
Na,S,0,-SrSjO,-H,0, at 30”. 
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Fio. 132.—Ternary System 
(NH.l.S.O.-BaS.O.-H/O, at 30°. 


dithionate. The triclinic crystals were found by H. Top.«oe to have the azial ratios 
o:h:c=0-6997:1:1-0144, and a=89“32', ;8=118” 10', and y=93”21'. The 
(110)- and (llO)-cleavages are perfect, and the {010)-cleavage is clear. The crystals 
are isomorphous with those of the corresponding salts of zinc, and nickel but not 
cadmium. The sp. gr. is 1-666. J. Thomsen gave for the heat of soln. in 400 
mols of water at 18°, -2-96 Cals. F. Heeren said that when heated, the salt melts 
in its water of crystallization, and at a red-heat yields a residue of magnesium 
sulphate. W. C. de Baat found that 25-56 per cent, is lost at 110° ; 29-9, at 125° • 
40-9, at 145 i 58-1, at 196 i and 58-5, at a red-heat. F. Heeren found that the aq. 
soln. can be boiled without decomposition. 100 parts of water dissolve 117-6 
parts of salt at 13° ; H. Baker said 144-6 parts at 17°. W. C, de Baat found the 
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percentage solubility to be 31-94 at (C : 33-30. at 12“ : 33-91 at 20° ; 35^24 at 30° 
H. Sebiff, and K. Kraut prepared barium magnesium ^thionate, BaMg^SiOol^ AHaO, 
from a soln. of the component salts. The crystals become anhydrous at 90 . 
W. C. de Baat obtained no evidence of the formation of this ‘h' 13 ? i' 

¥. Ileeren prepared zinc dithionate. ZnSaOfl.OHaO, from the soln. oldamed by 
mixing eq. quantities of barium dithionate and zinc sulphate. . oc ' sail la 
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Fig. 133.—Ternary Syatoin ; 
Na,S,0,-BaS,0,-HaO, at 30°. 
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Fig. 134.—Ternai-v Syateni : 
K,SjO,-BaSsO,-H,0. at 30°. 


the crystals are tricliiiic, and 11. Topsoe found tliem to be isomorphous with the 
inaOTesiuin and nickel salts. The sp. g^r is 1*915. J. Ihomsen said that tlie heat 

of formation (Zn,0i>,2S0i>,6H20)=173*85 Cals. ; 

^ jji 4 ()() rnols of water at 18®, 
A 3 JV 4 /_ \ —2*24 Cals. The crystals have an astringent 

z^ 20 /\ / \ taste; they are stable in air; and freely soluble 

L —ir water. C. F. Kammelsberg obtained prismatic 
/ \ ' \ \ crystals of what was presumably adnc tetram*- 

/\/^^ /\ minodithionate, ZnS 2 O 6 . 4 NH 3 .H 2 O, by cooling a 

\/ \' / sat. soln. of zinc dithionate in aq. ammonia, 

/ / \ / \ The salt is hydrolyzed by water, forming zinc 

^ V —^ oxide. F. Ephraim and E. Bolle also obtained the 

^ same vsalt, and found that it loses water at 95® 
, ^ when heated in a current of ammonia. The heat 

bS'o.-M^X-bTo "f formation is 13 CaLs. per mol of ammonia; and 

the dissociation temp, is 97®. If the tetrammino 
is exposed to a current of ammonia for a long time, jcinc p6ntamminodithionat6» 
ZnS206.5NH3, is formed. The heat of formation is 12*1 Cals, per mol of ammonia ; 
and the dissociation temp., 70®. K. Kliiss prepared crystals of ammonium sdnc 
dithionate, 5 (NH4)2S206.ZnS20o.9H20, from eq. soln. of the component salts. 
A. Fock recognized two tyi)e8 of crystals—one very similar to those of hexa- 


Fio. 135.—Ternary System : 
BaSaOn-MgSjiOe-HaO at 30". 


hydrated zinc dithionate, and the other were monocbnic prisms with the axial 
ratios a : b : r=2*0597 : 1: 1*2042, and ^=90® 52', They are probably solid soln.; 
they are said to bo isomorphous with the corresponding salts of cadmium, 
manganese, ferrous iron, cobalt and nickel. 


F. Heeren ])repared crystals of cadmium dithionate, CdS206.6H20, from a soln. 
of cadmium carbonate in dithionic acid. H. Topsoe said that the tricUnic crystals 
have the axial ratios a: b : c=l*2030 : 1 : 0*9797, and a=:96® 15', /3=107® 52', and 
y—66®55'. The (100)-cleavage is perfect, and the (110)-cleavage is clear. The 
crystals are not isomorphous with the corresponding magnesium, zinc, and man¬ 
ganese salts. The sp. gr. is 2*272. J. Comog and W. E. Henderson found that 
iV-soln. of cadmium dithionate behave on heating like those of sodium dithionate 
(q.v.), C. F. Rammekberg found that when dissolved in warm aq. ammonia, and 
the soln. spontaneously evaporated, crystals of cadmium 

CdS206.4NH8, are obtained mixed with some cadmium hydroxide and dithionate. 
The crystals are decomposed by alcohol. K. Kliiss prepared n-ftintAnlnii^ cadmilim 
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dithionate, 2(NH4)2So0(v0dS20ft.4|H20, from a aoln. obtained by mixing ammonium 
cadmium sulphate and barium dithionate. The monoclinic y)lates or prisms are 
stable in air, A. F(K‘k gave for the axial ratios of the tnclinic crystals a :b : c 

-2050 : 1 : 0*9797, and a-96° 15', j3-107°52', and y -Gfr 55'. The (100)- 
cleavage is perfect, and the (110)-cleavage clear. The salt is easily soluble in water. 

F. Heeren observed that when freshly precipitated mercuric carbonate 
digested in dithionic a<‘id, it forms a pale yellow mass whicli dissolves very slowly : 
and when a soln. of silver dithionate is shaken with mercury, a wiiite precipitate 
is formed which blackens when treated with ammonia. According to (J. F. Rammed'^ 
berg, if an excess of mercuric oxide be digested wdth dithionic acid, a yellowish-whit ‘ 
pow^der remains on the filter-paper; and K. K hiss obtained mercuric trioxybis- 
dithionate» r)Hg 0 . 2 S 205 , or 3Ilg0.2HgS20(5, in a similar way. The product 
washed with cold water and dried over sulphuric acid. It is also formed wIkmi a 
soln. of mercuric oxide in dithionic acid is treated with alcohol. The compound 
decom}>OHes when heated, forming mercury, sulphur dioxide, and mercurous and 
tncrcuric sulphates. In a scaled tube, the temp. (»f decomposition is 10\ The sub 
stance is also fleeomposed by acids. C. F. Ranmifdsberg, and K. Kluss obtained 
mercuric dithionate, HgS206.4Il20, by digesting freshly precipitated mtucuric oxide 
with an excess of dithionic acid for 8 days at ordinary temp. The large prismatn 
crystals decompose readily ; so does the aq. soln., forming mcTCurous sulphate and 
sulphuric acid, C. F. Rammelsberg obtained a soln. of mercurous dithionate, 
by dissolving freshly precipitated mercurous oxide in dithionic acid. 
When th(‘ filtered soln. is evaporated, crystals of mercurous ditliionate are formed. 
These, wlieu heated, givt' off mercury, mercurous sulphate, and free sulphuric acid ; 
they dissolve sparingly in cold water ; they are decomposed by hot water becoming 
black ; they are dissolved by nitric acid ; and potash-lye extracts mercurous oxide 
from them. 

F. Heeren allowed the filtrate obtained after mixing aluminium sulphate and 
barium dithionate to evaporate spontaneously, and obtained small crystals whicli 
K. Kluss showed were alominium dithionate, A 12 (S 20 q) 3 . 18 H 20 . If the soln, be 
evaporated in vacuo, the salt decomposes. The colourless plates are very deliques¬ 
cent ; and readily dissolve in water or in absolute alcohol. They melt at about 60' 
to a colourless liquid, and at the same time they partially decompose. At a higher 
t/cmp., water and sulphur dioxide are evolved, and at a red-heat, alumina remains. 
K. Kluss obtained deliquescent crystals of ammoniom aluminium dithionate, 
Al2(S20e)3.(NH4)2S20fl.27H20, from a soln. of the component salts; and A. Fock 
gave for the axial ratios of the monocUnic crystals a :b : c—5*2672 : I : 3*6620, 
^—111° 53'. The crystals are soluble in water. 

According to K. Kliiss, thallic hydroxide is not attacked by cold dithionic acid, 
and when heated the thallic comj)Ound is reduced, forming thallous sulphate. 
A. F. G. Werther obtained thallous dithionate, TI 2 S 2 O 0 , by the action of dithionic 
acid on thallous hydroxide, or better, by double decomposition between thaUous 
sulphate and barium dithionate. W. Stortenbeker foimd that the preparation of 
thallous ditliionate from thaUous sulphate and barium dithionate is complicated 
by the facts that barium and thallium dithionates form anhydrous mixed crystals, 
and that thallous sulphate and dithionate form a double salt. Either the calculated 
amounts of the two salts may be taken or else the thallous sulphate may be added 
in such slight excess that a fresh addition to the filtered soln. causes np further 
precipitation. The salt is then fractionally crystallized until free from sulphate. 
The crystals are monocUnic prisms or plates, and, according to A. Fock, have the 
axial ratios a : b : c=0*9292 ; 1 : 0*3986, and j8=96° 68'; there is no marked 
cleavage; and the optic axial angle 2J5 is nearly 40° with Na-Ught. G. N. Wyroubol! 
found the sp. gr. to be 5*573. According to E. Franke, the eq, conductivity, A mho, 
at 25°, is: 

V 32 64 12B 256 612 1024 

A . 131*7 141-9 151*7 160*2 166-7 170*6 

VOJ,. X. 2 Q 



594 


INORGANIC AND THEORETICAL CHEMISTRY 


Thallous dithionate is very soluble in water ; K. Kliiss said that 100 grms. of water 
at 18*5® dissolve 41*8 parts of salt. When heated to dull redness, A. F. G. Werther 
found that the salt loses its sulphur as sulphur dioxide. If ammonia be added to 
the a(p soln., the liquid on eva})oration furnishes small, monoclinic crystals of 
thallous hydroxydithionate, TI 282 Oe.TlOH.H 2 O. The soln. readily absorbs carbon 
dioxide from the air. The salt decomposes at 140®-150°. A. Fock, and K. Kliiss 
obtained solid soln. of liihiuvi thallous dithiofiates with Li: Tl=4 : 3, by crystal¬ 
lization from a soln. of the component salts; the monoclinic prisms have the 
axial ratios a: b: c=^0*8715 : 1 : 0-4288, and 92® 11'; similarly with sodium 
avd thallous dithionates, where the rhombic crystals had the axial ratios a : h : c 
™ 0*4788 : 1 : 0*7931 ; while witli a soln. containing and thallous dithionates 

in the molar proportion 1 : 1 , rhombic plates were obtained with the axial ratios 
(f: h : c~0*5700: 1 : 1-4547, and the o})tic axial angle 2A’=113° 50', There were 
also formed solid soln. of barium and thallous dithionates with the two salts in the 
molar proportions 2 : 3 and 1:4; and solid soln. oi strontium and thallous dithionates 
in rhombic crystals containing 5-53 }>er cent, of thallous dithionate, and having the 
axial ratios a : b : c- 0*5674 : I : 2*7376 as well as the ternary mixture of potassium, 
strontium, and thallous dithionates (respectively 10*73,10*55, and 78-72 per cent.) in 
rhombic crystals with the axial ratios a : b : c 0*5914 : 1 : 1-3588. G. N. Wyroubot! 
obtained soluble crystals of tballoos solphatodithionate* 3 Tl 2 S 20 g.Tl 2 S 04 . 
K, Kluss found that thallous and lead dithionates form a series of solid soln. 

?. T. Cleve prepared lanthanum dithionate, I^2(*^206)3 l6H20, and with 23 H 2 O, 
as in the case of the aluminium salt. It is soluble in water ; so also with didymium 
dithionate, Di 0 ( 8206 ) 3 .24H 2 (); H. Tof)soe gave for the axial ratio of the hexagonal 
crystals cr ; c—l : 1-2965. G. N. Wyroiihoff obtained cerous dithionate, 
Ce2(S206)3.3H20, and I 5 H 2 O, while S. John obtained crystals with 24 H 2 O. The 
pentadecahydrate was obtained in triclinic crystals from soln. at 15®~17®. The 
crystals had the axial ratios ^ : r 0*5917: 1 • 1-1912, and a-81® 26', 105® 21', 

and y= 86 ® 38', and the sp. gr. 2-288. The tnhydrate separates above 20® in tri- 
clinic crystals with the axial ratios «: 6 : c-0-5807 : 1 : 1-20,30, and a =89® 25', 
^=96® 9', andy-=-96® 18', and sp gr. 2-631. G. T. Morgan and K. Cahen obtained 
colourless, acicular crystals of the dodet-ahydrate. 002 ( 8000 ) 3 . 121120 , by crystallizing 
the cone. soln. in vacuo over quicklime or potassium hydroxide. C. von Schule 
prepared praseodymium dithionate, Pr 2 (S 206 ) 3 . 12 H 20 , in deliquescent crystals, 
very soluble in water; 0. M. Hdglund, erbium dithionate, £ 12 ( 8200 ) 3 .ISHgO, 
very soluble in water and alcohol, but insoluble in ether; and P."T. Cleve, non- 
deliquescent yttrium ditUonate, ^ 2 ( 8200 ) 3 .ISHoO, very soluble in water, sparingly 
soluble in alcohol, and insoluble in ether. P. 13. Sarkar prepared impure saw>« 
limum dithionate. P. T. Cleve obtained j)revsumably thorium dithionate in soln. 
by double decomposition of thorium sulphate and barium dithionate, but it decom¬ 
posed when the soln. was concentrated by evaporation. K. Kliiss represented an 
unstable product he obtained by Th( 82 O 0 ) 2 . 4 H 2 O. 

J. Bouquet obtained stannous fithionate by the action of dithionic acid on 
freshly precipitated stannous hydroxide ; when the soln. is evaporated in vacuo, it 
decomi)ose8 with the separation of stannous sulphide. K. Kliiss found that the 
soln. deposited a basic salt- stannous heptoxydithfonate, 8 Sn 0 .^ 08 . 9 H 20 , or 
78nO.SnS2O0,9H2O—on evaporation over sulphuric acid in vacuo, F. Heeren 
obtained dithionate, Pb 82 O 0 . 4 H 2 O, by the spontaneous evaporation of a soln. 
of lead carbonate in dithionic acid. P. Marino, and H. C. H. Carpenter obtained 
no dithionate by the action of sulphur dioxide on lead dioxide. The crystals 
resemble those of strontium and calcium dithionates. The colourless, doubly 
refractmg, tngonal crystals were found by A. Brezina to have the axial ratio a : c 
=1:1-5160, «r~81® 19'. The crystals were also examined by F. Heeren, and 

R. Brauns. G. N. Wyrouboff thought that the crystals are monoclinic. There is 
no marked cl^vage. H. Baumhauer, and L, Sohneke examined the corrosion 
figures; and C. Gaudefroy, the dehydration figures. H. Topsde gave 3-245 for the 



SULPHUR 


595 


sp. gr.; H. Baker, 3*259 ; P. Groth, 3*199 ; and J. Behr, 3*238. F. Exner mapped 
the hardness of the surfaces of the faces of the crystals. V. von Lang found the 
lieat conductivity in a direction perpendicular to the principal axis to be rather 
smaller than it is when parallel with the chief axis. J. Thomsen gave ~~8*54 Cals, 
for the heat of soln. of the tetrahydrate in 400 mols of water. F. Klocke, and 

G. N. Wyroubofl examined the optical anomalies of the crystals. H. Topsoe and 
C. Christiansen gave for the indices of refraction 60—1*6295 and 6 -1*6492 for the 
C-line ; 60—1*6351 and 6—1*6531 for the D-line ; and 6o~-'l*6481 and e—1*6666 for 
the F-line. (\ Pape found the optical rotary power to be 4*09"^ for the C-lino, 
5*35'^ for the />-line, 7*25° for the E-line, and 8*88® for the E-line. A. Ehringhaus 
and H. Rose studied the refraction index and dispersion. J. Dahlen examined the 
magnetic rotation of the plane of polarization. F. Heeren said that the salt has 
a sweet yet astringent taste. F, Heeren, and G, Chancel and E. Diacon said that 
the salt is very soluble in water, and H. Baker said that lOT) parts of water at 20*5® 
dissolve 115*1 parts of salt. Lead dithionate furnishes lead sulphate when calcined. 

H. C. H. Carpenter found that the aq. soln. is decomposed by Hii][)hur dioxide, 
forming lead sulphite and dithionic acid. Ammonia in quantity insufficient to 
precipitate all the salt was said by F. Heeren to furnish acicular crystals of lead 
oxyditbianatey PbO.PbS2O6.2H2O ; and with more ammonia, the decahydrated 
basic salt. R, F. Weinland and R. Stroh obtained lead dibydroxyditMonatey 
[Pb2(0H)2lS206, in lustrous needles by double decomposition of a dithionate and the 
corresponding lead perchlorate ; and similarly also with lead tetrabydroxyditbio* 
natey lPb3(OH)4)82()o, which appears as a colourless crystalline precipitate. Solid 
soln. of lead a7uJ strontium dithiomtes were examined by H. de Senarmont, 
C. F. Rammelsberg, G. Bodlander, H. Ambronn, G. Tammann and A. Sworykin ; 
and A. Fock gave for the refractive indices of mixtures witli 

PbS,04.4Hj0. 0 6*5 17-9 210 45 0 73*1 86*4 100 per cent. 

u; . . . 1-6296 1-6372 1-6479 1-6517 1-5770 1 0064 1-6202 1-6351 

# . . . 1-5252 1-5334 1-5477 1*5621 1-5826 1-0182 1-6352 1-6531 

L. Vanino and F. Mussgnug were unable to prepare normal bismuth dithionatey 
Bi2(820e)3, by the action of sodium dithionate on a bismuth mannitol soln. K. Kliiss 
treated bismuth hydroxide with dithionic acid, and obtained bismuthyl dithionate, 
{BiO)2S2O0.5H2O, as a white mass almost insoluble in water, but decomposed by that 
menstruum, forming the basic salt Bi203(Bi0)2820e.5Il20— bismuthyl oxydithionate 
in monocliriic crystals which, according to A. Fock, have the axial ratios a:h : c 
— 0*543:1:—, and ^—116^45', The (OlO)-cleavage is complete. Both salts 
are soluble in dil. acids. E. J. Bevan observed, that if an aq. soln. of barium 
dithionate be treated with vanadyl sulphate, and the blue filtrate concentrated in 
vacuo over cone, sulphuric acid, crystals of vanadyl dithionate, (V02)2^2^\» 
formed. If the concentration be continued after the appearance of tliese crystals, 
decomposition seLs in, sulphur dioxide is given off, and vanadyl sulphate remains. 
This decomposition prevents the separation of the salt of a high degree of purity. 

K. Kliiss, and A. Fock digested chromic hydroxide with an excess of dithionic 
acid and obtained a bluish-violet soln., which when slowly evaporated furnishes 
small, octahedral or tabular, violet crystals of chromic dithionate, Cr2(S206)3.18H20. 
and a similar soln. is obtained by mixing barium dithionate with chromic sulphate. 
The salt is easily soluble in water and alcohol. If dithionic acid be treated with an 
excess of chromic hydroxide, the green soln. appears red in transmitted light, and 
when evaporated in vacuo furnishes a very hygroscopic mass of chromic OSiydithio* 
nate, 3Cr208.4S208.24H20. The same product is precipitated when the green soln. 
is treated with alcohol or ether. 

S. M. Jdrgenaen prepared chromic hydroxypentamminodithionate, [Gr(NH3)r 
(0H)](S20e).2H20; P. Pfeiffer and B. Stern, chromic m«hydroxyaciK>faket]^- 
Icnediaminadithkliu^ [Or en2(H20)(0H)]S20e; and P. PfeifEer and R. Prade, 
chfomic fmr^^J iydro b^aqnob&rthyienad i^^ ; 0. T. Christensen 
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prepared xanthochromic difhionale, ur chromic nitritopcntEmmillodithlOIiate, 

[Cr(NH 3 ) 5 (N 02 )]S 20 e.H 2 (), in yellow, prismatic crystals, by treating a soluble salt 
of the series with sodium dithionate Tlie salt is insoluble in cold water, and it 
loses its water of hydration at lOO"^. S. M. Jorgensen obtained carmine-red, six- 
sided, rhombic crystals of parpmen Inoniic dithionate or chromic pcntammino* 
chlorodithionatey [Cr(NH 3 )r,CllS 20 (j, by adding sodium dithionate to a chloride of 
this series of salts. The salt is sparingly soluble in cold water. A. Werner and 
J. V. Dubsky ]>re[)ared chromic dihydroxydiaquodiamminodithionate, 
fCr(NIl 3 )o(H 20 ) 2 ( 0 H) 2 |SoCV,.H 20 , as a lilac-c(»Ioured, crystalline pow^der by adding 
sodium dithionate to a fresldy fuepared a(|. solri. of the bromide. P, Pfeiffer and 
T. G. Lando prepared deep violet needle.s of chromic c/.v-dichlorobisethylenediami- 
nodithionate, fCr(NH2.CI]2YTl2.NHo)2(l2|8206, in a similar manner. P. Pfeiffer 
and A. Koch ])repared chromic //aasCdichlorobisethylendiamineditliionate, 
P. Pfeiffer and A. Trieschmann also obtained chromic c4v-dibromobis- 
ethylenediaminodithionate, and also chromic /r^ws-dibromobisethylenediamino- 
ditUonate. 8. M. J6rg(‘nsen used a similar process in ])reparing carmine-red, 
rhombic prismsof rliiKhH'hroy^ucdithnouiti chromic decammixiohydroxydithionate, 

* • 0(H) ^Cr(NH3)5l2(S20,)5;2H20, 
almost insoluble m cold water ; it loses its water of hydration over sulphuric acid, 
and decomposes at 100''. 8. M. Jorgensen made chromic decamminodihydroxy- 

dithionate, [Pro(OH)(NH 3 )iol 2 (^^ 206 )i*(HIl).H 2 (), in jiale blue scales, by adding 
ammonium carbonate and sodium dithionate to a cold sat, soln, of the thiocyanate. 
The salt is insoluble in water dil. aq. ammonia, and soda-lye. S. M. Jorgensen 
obtained ei-ythrochroinw dithionate, or chromic pentamminox3rdithioiiate» 
lCr 20 (NH 3 )ioJ(^ 206 ) 2 -^'^H 20 , in dark violet-red needles, by the action of sodium 
dithionate on the nitrate. It is soluble in cold water acidified with hydrochloric, 
hydrobromic, or nitric acid. It loses 2 mols. each of ammonia and water at lOO'". 
V. Pfeiffer and W. Vorster obtained chromic hexaethylenediaminohexahydrolicy- 
dithionate, lGr4(0H)3(NHo.CH2.Cll2.NH2)e](8206)3.7H20, by the action of sodium 
dithionate on the chloride of the series. 

K. Kliiss found that normal orany! dithionate, (U02)8206> soln. obtained 
from uranyl sulphate and barium dithionate, is not stable, but decomposes over 
sulphuric acid in vacuo, forming sulphur dioxide and uranyl sulphate. The green 
soln. of uranous hydroxide in dithionic acid contains uranoos dithionate, but it 
<iecomposes into sulphur dioxide, etc., when allowed to stand over sulphuric acid 
in vacuo, A series of basic salts —nranous oxydithionates— of indefinite composition 
is produced by mixing soln. of sodium dithionate and uranium tetrachloride, 
with very dil. soln., 8 TJO 2 .S 2 O 5 . 2 IH 2 O ; with cone, soln., at ordinary temp. 
7 UO 2 .S 2 O 5 . 8 H 2 O, is produced ; and with warm cone, soln., 6 IJO 2 .S 2 O 5 .IOH 2 O. 

J. L. Gay Lussac and J, J. Welter prepared manganese dithionate, presumably 
Mn 8206 , by the action of sulphur dioxide on water holding manganese dioxide 
in suspension — vide supra, dithionic acid. H. 0. H. Carpenter obtained good 
yields by using manganese sesquioxide. A soln. of the salt is also obtained by 
double decomposition between manganese sulphate and barium dithionate. If 
the aq. soln. be spontaneously evaporated, K. Kraut said that rhombic crystals 
of the trihydrate, MnS206.3H20, are formed with the axial ratios a:b :c 
==04906 :1 : 0-5562. J. C. G. de Marignac obtained rose-coloured, triclinic crystals 
of the hexahydrate, Mn 820 e. 6 H 20 , and he gave for the axial ratios a:b:c 
=0-6940 :1:1-0307, and a=86^ 32', ^=117’" 24', and y=95^ 4'—the (110)- and 
(llO)-cleavages are perfect, and the (OlO)-cleavage is good. The sp. gr. is 1*757. 
J. Thomsen gave for the heat of formation (Mn,02,2S02,6H20)=188*6 Cals.; 
Mn{0H)2+H2S206=Mn8203aq.-f-22-78 Cals.;, and for the heat of soln. in 400 
mols of wrater at 18*^, —1-93 Cals. The crystals effloresce in air; and form man¬ 
ganese sulphate at a dull red-heat. K. Kluas prepared ij-nmnrtiiintin iiiaiig||Q086 
oithioiiate* 9 (NH 4 ) 2 S 20 e. 2 Ma 820 e.l 6 JH 20 , from a soln. of the component salts. 
The crystak are said to be isomorphous with those of the zinc salt; and A. Fock 
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gave for the axial ratios of the monocliuic crystals a:h \ c~~2‘1289 : 1 : l*217i^>, 
andi3--9r 19'. 

F. Heeren prepannl ferrous dithionate, FeSoOe.hIliiO, by the action of ferrous 
sulj)hate on the (*alculatc(l amount of barium dithionatc, and allowing the filtrate 
to evaporate, first at a gentle heat, and then spoataneously. Tlie o}>li(jue rhombic 
})riMns have the colour and tasU^ of ferrous sulphate. The crystals become brown 
on exposure to air, and when heated, they leave a residue of ferrous sulpliate. 
K, Kluss said that the salt is heptahydrated, and that 100 j)arts of water at 18*5'^ 
dissolve lf)9*r> ]>arts of salt. F. Ileeren said that the salt is not soluble in alcohol ; 
and that the aq. soln. furnishes ferrous sulphate wdien boiled. K. Kluss })repared 
ammonium ferrous dithionate, 3 (NIl 4 ) 2 B 2 Oc.FeS 2 ()«. 0 H 2 <^. from a soln. of the 
comjionent salts, and found that the monoclinic prisms have the axial ratios a : h : c 
2*0564 : 1 : M 907, and /i - 90%51'; the optic axial angle is 211 ~=Triov Na-light. 
The crystals are probably isomorphous mixtures. He also obtained crystals of 
9 (.NH 4 ) 2 S 20 o. 2 FeSo(\,ir)|H 20 . F. Heeren reported that an aq. soln. of dithionic 
a(‘id dissolves a small amount of freshly precipitated ferric hydroxide and it 
unites with tfie oxide, forming a reddish-brown powder-— ferric OXydithiooEte, 
SFe^O^.S^Orj/^tdloO—which is insoluble in water or alcohol; slightly soluble in 
dithionicy acid ; and easily soluble in hydrochloric acid. K. Kliiss said that the salt 
is tetradocahydrated, and he likewise obtained SFcoO^ S 2 O 5 . 8 H 2 O, insoluble iu 
water, but soluble in acids. 

F. Heeren made cobalt dithionate, CoS 20 fl. 8 H 20 , by evaporating, at a gentle 
lieat, the filtrate from a mixture of soln. of barium ditbionate and cobalt sulphate, 
r. Antony and E. Manasse said that the dithionate is not produced by the action of 
sulphur dioxide on cobalt sulphate. H. Topsoe said that the dark red triclinic crystals 
uf the o(ioh}f(iratv are triclinic wdth the axial ratios a : h : r—1-1518 : 1 : 1’1230, 
ami a l(> 8 ' 14', jB- 85^" 12 ', and y-=106^4'. The ((K)l )-c]eavage is perfect, and 
the ((>b/)-cleavage distinct. The sp. gr. is 1'8155. K. Kluss found that rose- 
r(‘d crystals of the hesahydnUc are precipitated by alcohol from aq. soln. The 
octohydrate efUoresces in dry air ; and 100 parts of water at 19*^ dissolve 204 parts 
of salt. K. Kluss obtained monoclinic crystals of a mm onium cobalt dithionate, 
9 (NH 4 ) 2 S 2 ()fl. 2 FoS 206 . 16 iH 20 , from a sob. of the component salt; the crystals of 
the solid soln. have the axial ratios a:h\ c—2-0594 : 1 : 1-2045, and ^ -90*^ 54'; and 
the optic axial angle for Na-light. S. M. Jorgensen obtained cobalt 

pentamminohydroxydithionate, [Co(NH 3 ) 5 (OH)]B 2 Ofi. 2 H 20 , by boiling 5 grins, of 
colialt poiitamminonitratonitrate with 70 c.c. of aq. ammonia, adding 6 grms, of 
sodium ditliionate to the filtered sob., concentrating the liquid to 10 c.c. and adding 
a few drojKs of alcohol, ('armine-red rhombic or monoclinic, octahedral crystals are 
precipitated. The salt forms a violet-red soln. with water; though sparingly 
soluble in water, it is readily soluble in dd. hydrochloric acid ; it drives ammonia 
from ammonium salts; and it loses 2 mols. of water at C F. RammeLs- 

berg obtained a salt, C 02 O 8 . 2 S 2 O 5 .IONU 3 , thought to be this ^ com¬ 
pound. A. Werner prepared cobalt diammmodipyridinodihydroxydithionate. 
[Co{NH 3 ) 2 (C 5 H 5 N) 2 ( 0 H) 2 ] 2 {B 206 ) 3 . 2 H 20 , in brown, sparingly soluble crystals by 
adding ' sodium dithionate to the chloride of the wsenes, also violet, 
sparingly soluble in crystals of cobalt tetramminoaquohydroxydithionate, 
ICo(NH 3 ) 4 (H 20 )(OH) JS 2 O 6 .II 2 O, fromlthebromide of the series and sodium dithionate. 
By treating the c^^f-nitrate of cobalt diethyleneamineaquohydroxide in analogous 
manner, A. W erner prepared violet-red needles of cobalt cw-diethylenediamino- 
aQ.oohydrox 3 rdithionate, [Co(NH 2 .CH 2 .CH 2 .NH 2 ) 2 (ll 2 ^^)(^^^^)]^ 2 ^Xj» almost in¬ 
soluble in water, and soluble in dil. acetic acid or dil. alkali-lye. Likewise also the 
«raw 5 -salt furnishes oobalt t ra^^^-diethylenediamme-aquohydroxydithmiia^^ 
rGo(NH 2 .CH 2 .CH 2 .NH 2 ) 2 (tt 20 )(OH) 18206 . Large reddish-brown crystals of cobalt 
diamxiuuodipyridmoaciiio-bydbrca3^t^ [Co(NH 3 ) 2 (C 5 H 5 N) 2 (H 20 )(OH)]S 20 ^, 
were formed in an analogous way. S. M. Jorgensen prepared cobalt pentammino- 
nitratodithionate, [Co(NH 3 ) 6 (N 08 )] 8206 .H 20 , in a similar manner. The red needles 
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an" 8})ariiigly soluble in cold water, and freely solubli^" in hot water when they arc 
hydrolyzed to the pentamniinoaquo-salt. Hydrocliloric and nitric acids convert 
tlie ditiiionate respectively into the chloride and nitrate. He also made violet, 
rec tangular prisms of oobalt pentamminocUorodittuoimte, [Co(NH 3 ) 5 CllS 206 ; 
and carmine-red, dichroic crystals of cobalt bisethylenediaminoammiiiochlorodi- 
thionate, [Co(NH2.CH2.CH2.NHo)>(NH3)Cl|S:.Ott. For cobalt diaaddobisethylene- 
diaminedithionate, and cobalt ^azidotetiWiiunodithioiiate* vide the azides. 
A. Werner treated a soln. of cobalt })entammi!iohydr()xydithionate with carbon 
dioxide, and obtained brick-red crystals of cobalt pentamminohydrocarbonato- 
dithiooate^ [Co(NH 3 ) 5 (HC 03 ) 18206 ; bnck-red, sparingly soluble needles of cobalt 
diethylenediaxiUBodiiutritc^ I Co{NH2.CH2.CH2-NH2)2(N02)2l2^206 ^ 

oobalt cis-tetrammmochlo]X>ditliio]^^ (Co(NH3)4Cl2]2^^206; A, Werner and 
A. Frdhlich also made cobalt c^s-dipropylenedianQinodicUoroditllionate, 
[Co(NH 3 .CH 2 .CH 2 .CHo.NHo)oCl 2 l 2 S 206 : likewise also with cobalt/fa««-dipropyleiie- 
diaminodicUorodithionater [CV)*(NH 2 .C 1 L.('H 2 NH2)2Cl2]2^2^\- ^ M. Jorgensen 
obtained carmine-red rhomboid a 1 plates of cobalt tetrainnilllOCarb 01 iatoditluonat 6 » 
[Co(NH 3 ) 4 (C 03 ) 12 ^ 2^6 ^ chocolate-brown needles of cobalt hexamminoxydi- 
aquohydroxydithionate, [(NH 3 ) 2 (H 20 ) 2 .Go(()H). 0 .Co(NH 8 ) 4 l 2 {S 2063 . 2 H 20 , also dark 
violet crystals of cobalt dodecamminohexahydroxydithionate, [Co 4 (OH) 6 (NH 3 )i 2 l- 
(^ 2 ^ 6 ) 3 AH 2 O ; dark red aggregates of needles and prisms of CObalt hcxammino- 
tribydiroxyditUonate, [Co 2 (OH) 8 {NH 3)6 12(8003)3. H 2 O ; i)ale violet scales of cobalt 
hexamminotrinitratoaquodiliy^xydithioi^ 



and pale violet needles of cobalt octamininodihydroxyditbionate, [ 0 o 2 (OH) 2 (NH 3 )g]- 
( 8203 ) 2 . 21120 . A. Werner and G. Jantsch prepared a pale bluish-red powder of 
cobalt te^ethylcndiaminediaqiiotetrahydrox^tliionate, [Go3(OH)4(NH2.GH2. 
CH 2 .NH 2 ) 4 (H 20 ) 2 ](S 203 ) 2 . 2 H 20 ; A. Werner, raspberry-retl plates of cobalt 
octamminoamidohs^oxydithionate, [Co2(NH2)(OH)(NH3)gl(S203)2 ‘-^H2^^; and 
a rose-red crystalline powder of cob^t decamminoamidodithionate, 

[Co2(NH2)(NH3)io]2(S205)5.6H20. ^ 

C. F. Ramrnelsberg prepared nickel dithionate, NiS 206 . 6 H 20 , by evaporating 
the fdtrate from mixed soln. of barium dithionate and nickel sulphate. H. 'l’oj)sbe 
foundthatthegreen, triclinic prisms have the axial ratios a: 5 :c-~()*6968 : 1 : 1-0184, 
and 29', 0-118^ 15^', and y~ 93^ 37'. The ( 110 )- and ( 110 )-cleavages are 

perfect, and the (OlO)-cleavage distinct. The sp. gr. is 1*9C)8, C. F. Ramrnelsberg 
said that the salt decomposes into 8 ul})hur dioxide and nickel sulphate when heated. 
When the aq. soln. is treated with ammonia, violet-blue plates of nickel hexammino* 
dithionate, Ni 8 . 2 O 3 . 6 NH 3 , are formed. When heated, ammonia, and ammonium 
sulphite and sulphate are given off, and nickel sulphide and sulphate remains. 
The hexammine is decomposed by water with the separation of nickel hydroxide. 
W. Peters found that the hexammine loses 2 mois. of ammonia at 100°. H. Franzen 
and 0. von Meyer prepared nickel trihydrfudnodithionate, NiS 20 e. 3 N 2 H 4 , by 
treating a soln. of mckel dithionate with ammonia, and then with hydrazine. The 
reddish-violet ( ry.stals soon decompose ; they are soluble in aq. ammonia. K. Kliiss 
prepared ammonium nickel dithionate, 9(NH4)28206.2Ni820o.l6JH20, from a soln. 
of the comj)oiient salts. The product is a solid soln. or isomorphous mixture. The 
green tabular or ]>rismatic crystals belong to the monoclinic system and have the 
axial ratios a :h:c 2-0613: I : 1-2077, and)9 -90° 56', and the optic axial angle 
2//-:74J°forNa-liglit. 

8 . G. Hediii obtained a complex salt of platinous dithionate and pyridine, 
[Pt(C 5 H 5 N) 4 JS 203 .//H 20 , from the sulphate and barium dithionate. The needle- 
like crystals rapidly effloresce in air, U. Antony and A. Lucchesi observed that 
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ruthenious dithionate, RuS206> ])roduced whon sul])liur dioxide is passed 
into a sola, of ruthenium sulphate ; it is very sohihh^ in water and is precipi¬ 
tated from its aq. soln. by alcohol as a yellowish-white powder soluble in acids 
witiiuut alteration. On eva[‘oratin<A il'^ ^oln. at the ordinaiy temp, over 
a desiccating substance, ruthenious dithionate is deposited as a ])alc yellow 
mass ofjadiating fibres, composed of optically negative crystals, which are too 
small to admit their system being deternuned. On warming with potassrium 
j>ermanganate soln., it is readily oxidized to sul])liate and sulpliuric acid, the 
oxidation being more energetic on boiling, and in this ease some perruthenic acid, 
easily recognizable by its odour, is formed. It is also oxidized })y the continued 
action of chlorine, bromine, nitrohydrochloric acid, hydrochloric acid and potassium 
chlorate, or nitric acid. The formation of ruthenious dithionate by the action of 
sulphur dioxide on the sulphate comprises tw^o distinct pha.ses ; the riithenic sulphate 
being first reduced to the ruthenious compound, and suljdiur dioxide being subse¬ 
quently taken u{) directly by the ruthenious sul])hate. 

R. Y. Weinland and J. Alfa^ prepared crystals <d potESSium difluodithiouate, 
KoSoO^Fo.SH^O, from a warm, sat. soltn of potassium dithionate in liydrofluoric 
acid. It is very unstable, and w’hen exposed to air, it quickly deconqjoses with the 
evolution of water and hydrofluoric acid, leaving a residue of potassium dithionate ; 
when heated, the salt gives off water and hydrofluoric acid, then sul])hur dioxide, 
leaving a residue of potassium sulphate. He also obtained rubidium difluodlthio- 
nate, Rb 2 S 205 F 2 . 3 H 20 , in all respects like the potassium salt; and CUBSium 
hydroiyfluc^thionate, Cs 2 S 205 ( 0 H)F.H 20 , was obtained by saturating warm 
hydrofluonc acid with cfcsium ditliionate, and cooling. The small, colourless prisms 
of the ciesium salt are more stable than potassium diHuodithionate, but the two salt s 
are similar in other respects. They were unable to prepare amnwniuvh dijiuodt- 
ih%onati\ and sodium dijiuodithionafe, Tlie siqiposed constitutions are represented 
by the gra|)hic formuhe : 
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§ 42. Trithionic Add and the Trithionates 

In 1840, C. Langlois ^ in a pajier : Sur un novel oxacide du soufre Vacide hypo- 
sulfureux hb^e^ described the preparation of what he called sulphhyposulfaie de 
potasse, that is, sulphated dithionate of potasmum, or potassium trithionate, by the 
action of sulphui on potassium hydrosulphite: OKHSO^-f 28 = 2 X 28305 +K 2 S 2 O 3 
+ 3 H 2 O. He said: 
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I first- prepare some potassium liydrosulphite by passiug a current of sulphur dioxide 
into a soln. of purified potassium carbonate ; the liquid is saturated when the evolution of 
carbon dioxide ceases» and the sulphur dioxide oscapos en grande quantity. The Liquid then 
contains many crystals of potassium hydrosulphite, and no sulphate if the sulphur dioxide 
was well washed before it passed into the potassium carbonat€». The liquid and crystals 
are mixed with flowoi’s of sulphur, and slightly warmed on a sand-bath ; if the tom]), be too 
high, the tritliionate will decompose as it is formed. In three or four day.s, the sulphite 
is usually transformed into trithionate ; during the reaction, some sulphur dioxide is gn^en 
off, and a little sulphate is formed. The yellow colour of the liquid disappears as soon ^ 
the formation of the now salt is completed, and tins is un atgne certain that the reaction is 
ended. The liquid is filtered while hot, and it liecomcs turbid on cooling by producing 
crystals of the trithionate and a little sulphur. To purify the crystals from the sulphur, 
and a little potassium sulphate, they are dissolved at a gentle heat by the smallest possible 
quantity of distilled water. The filtered soln. is no hunger turbid, and it soon deposits 
trh heauT cristaux priBrnatiquea. 

Both C. Langlois, and F. Kessler said that in order to jirojiare an aq. soln. of 
tnthionic acid, the potassium salt is treated with an excess of hydrofluosilicic acid ; 
and baryta water is added to the filtered Hij^uid to jirecipitate the excess of hydroiluo- 
silicic acid. The soln. of barium trithionate is then treated with sulphuric acid, and 
tlie filtered liquid is an mp soln. of trithionic acid, HoSgOg, which is ctnieentrated 
])y evaporation over cone, sulphuric acid in vacuo. Neither trithionic acid nor 
trithionic anhydride, B 3 O 5 , has been isolated. The acid slowly deeom}joses at 
ordinary temp, with the separation of sulphur, the evolution of sulphur dioxide, and 
the formation of sulphuric acid : H 2 B 30 g~H 2 B 04 +S 02 Even when the acid 
is concentrated at 0 *^ some decomposition occurs, and at 80'^, on a water-bath, the 
decomposition is rapid. M. J. Fordos and A. Gelis said that the soln. is more stable 
in the presence of acids. H. Debus found that 24 hrs. after the preparation of the 
soln, of trithionic acid, the liquid had acquired the odour of sulphur dioxide, and a 
precipitate of suij)bur had formed. At ordinary temp., trithionic acid is slowly 
decomposing, ))ut after several weeks some uudecomposed acid can be detected in 
the liquid. The sulphur does not all separate in the free state during the decompo¬ 
sition: H 2 B 04 -rB 02 d B—a portion unites with the undecomposed trithionic 

a<*id to form poniathionic and jirobably also tetrathionic acid. No pentathioiiic acid 
could be detect(‘d two days after the preparation of the trithionic acid, but after the 
lapse of 14 days, considerable quantities of pentatliionic and sulphuric acids could be 
detected in the liquid: 3 H 2 B 3 O 6 — 2 H 2 SO 4 -I 2 BO 2 -h 142850 ( 5 . Similarly also with 
])otaj 5 sium trithionate a clear neutral soln. of a gram of this salt in 10 c.c. of water 
gave no reaction with ammoniacal sola, of silver nitrate, or with a soln. of potassium 
hydroxide, but after standing 24 hrs., the soln. had acqmred an acidic reaction 
without the separation of sulphur: 2 K 2 S 306 =K 2 B 406 -bK 2 b 04 -f-S 02 no penta- 
thionate could be detected at this stage of the reaction. Six days after the prepara¬ 
tion of the soln., potassium sulphate and sulphurous acid were found in abundance, 
and comparativtdy large quantities of potassium pentathionate were detected by 
means of an ammoniacal soln, of silver nitrate, and of potassium hydroxide, 
respectively. It follows, therefore, that an aq. soln. of potassium trithionate decom¬ 
poses at IB"" slowly into potassium sulphate, sulphurous acid, and sulidiur, but the 
latter is not set free, as it enters into combination with potassium trithionate, ^^ni- 
mg tetra- and penta-thionate re 8 pectively*~- 3 K 2 S 306 = 2 K 2 S 04 + 2 S 02 -t K 2 S 6 O 6 * 
A soln. of one of the three salts, potassium penta-, tetra-, or tri-thionate, will 
contain, if left to itself for some time, all three salts. A. Kurtenacker and 
M. Kaufmann represented the reaction S 306 "+Il 20 == 8203 ''+S 04 "'+ 2 H, and 
S 203 ''+S 80 o"+H‘=^S 406 "'+HS 03 '. Sulphur is not precipitated, and only a little 
pentathionate is formed. This occurs at a later stage of the reaction, 5 S 203 ''+ 6 H 
- 2 S 5 O/+ 3 H 2 O. In acidic soln. the decomposition is more rapid, and a third 
reaction occurs, that the boiling sobi. 

of potassium trithionate decomposes into potassium sulphite, sulphur dioxide, and 
sulphur. A. Hornig observed that soln. of trithionatea are hydrolyzed, forming 
sulphate, thiosulphate, and hydrogen ions. 
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Returning to the preparation of potassium trithionate, J. Pelouze aaid that the 
formation of potassium sulphate during the oi>eration is due to the decomposition 
of the thiosuIj>hate, one of the products of the reaction. V. Saintpierre found tliat 
if a dil. soln. of }>otas 8 ium hydrosiil]»hite he lieated in a sealed inhe on a water-bath, 
sulphur, and potassium trithionate and sulpliate are huined, but no other sulphur 
compound: 10 KHS 03 ~“ 5 K 2 S 04 -(-H 2 SaCV, ^ 2S-f IILO. The litjukl first 1 becomes 
yellow, ])resuinably owing to the formation of sulphur, so that here again, as (\ Lang- 
lois showed, the trithionate is pnaluced hy the action of sulphur on the liydro- 
sulphite. Since sulphur dioxide act.s on pi>tassium thiosulphate to form the trithio¬ 
nate, it follows that the action of sulphur on potassium hydrosulj)hite proceeds 
in two stages: aKoSaOef _-2KoS.d)j I 380^ I KAGg ; ‘ and 2K2S203-t-3802 
™ 2 X 3830 ^ j S. A trithionate is produced l>y the action of sulphur dioxide on a 
mixed soln. of ])otassium sulpliide and hydrosulphite, ^ IKHKOg } tSOo 

“ 3 K 28 j^()fi+ 2 H. 20 , as shown by G. Chancel and E. Diacon. 

E. Mathieu-Piessy observed that jiotassium trithionate is formed by the action 
of sulphur dioxide on a cone. soln. of potassium thiosul]>hate : 2 K 2 S 203 d- 3 S 02 
-- 2 X 28306 - 1 - 8 . H. Baker added that with sodium thiosulphate no trithionate but 
only crystals of the thiosulphate are formed. A. Villiers said that the reaction 
should be represented : 2 Na 2 S 203 f-t 3 S 02 Na 28406 -f-Na 2 S 306 . H. Debus showed 
that E. Mathieu-Plessy’s equation cannot be right because the final jiroducts of the 
action are potassium trithionate as the main product, while sulphur and potassium 
tetra- and penta-thionates are also formed : bKoSoOs+OSOo K 284 O 6 

+ 4 K 2 S 3 O 6 , actually less penta- and tetra thionates and more trithionate are formed 
on account of the formation of sulphur rule supra, thiosulphuric acid. W. Feld, 
and F. Raschig studied the reaction. H. Hertlein added that with an excess of 
sulphur dioxide, no polythionate is formed. E. Josephy and E. H. Riesenfeld 
observed that the reaction between ])otassium thiosulphate and sulphur dioxide 
gives potassium trithionate ; with aniline, aniline tetrathionate. B. Rathke showed 
that the trithionate is produced if a mi.xture of potassium thiosuljiliate and hydro¬ 
sulphite be crystallized together: 2 X 28203 + 3802 - 2 X 28304 ^S; M. J. Fordos 
and A. Gelis said that the trithionate is ]>roduced by evaporating a soln. of zinc 
in sulphuric acid through the intermediate formation of the dithionate: 
2 ZnS 2 O 3 =ZnS+ZnS 3 O 0 ; and W, 8 pring, by boiling soln. of the complex thio¬ 
sulphates: 2 HgNa 8203 -^Hg 28 +Na 28306 . The oxidation of a soln. of sodium 
sulphite and thiosulphate by means of iodine was stated by W. Spring to furnish 
trithionate by what he supposed t<j be the reaction: Na 2803 +Na 2 S 203 +l 2 

=Na 2 S 306 + 2 NaI, but A. Colefax said that this is not correct, for the trithionate is 
the result of a secondary reaction between the tetrathionate and sulphite in the 
presence of the iodine. R. Willstiitter obtained the trithionate bv dropping hydro¬ 
gen dioxide into a soln. of sodium thiosulphate at 0 ^ to KT, 2 Na 2 a 203 + 4 H 202 
—Na 2 S 306 -+Na 2 S 04 + 4 H 20 . F. Raschig said that tetrathionate is produced as 
an intermediate 8 tage of the reaction ; and added that better yields are produced by 
the reaction Na. 28203 + 2 NaH 803 “i 28 O 2 “H 20 + 2 Na 28306 , in the presence of 
sodium arsenite- vide supra, the ]>entathionate. J. E. Mackenzie and H. Marshall 
showed that labile tetrathionates are produced by the action of persulphates on 
thiosulphates— 6 .( 7 . X 2 S 20 tj+ 2 Sr 2 S 203 = 2 SrS 04 +X 2 S 40 o—provided a slight excess 
of the persulphate is used; if the thiosulphate be in excess, the trithionate is pro- 
need. J von Szilagyi obtained potassium trithionate by the decomposition of 
potassium arsenothiosulphate : P. Pierron found 

that trithionate is formed in the anodic oxidation o£ a soln. of ammonium thio¬ 
sulphate ,C. J. Thatcher used sodium thiosulphate— vide supra, thiosulphuric acid. 

As indicated in connection with Wackenroder’s Uquid, trithionic acid is found 
among the products of the decomposition of the polythionic aeids ; and also by the 
action of sulphur dioxide on these acids. H. Baumann did not agree with C. Lang- 
lois, and F. Kessler, that trithionic acid is formed when dithionates are treated with 
sulphur. According to W. Spring, when ammonium sulphate is treated with 
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manganese sulphide, in the cold, ammonia and hydrogen sulphide are evolved, and 
there remain in soln. trithionate and sulphate, but no sulphide; similarly when 
ammonium sulphate is lieated with jdio.sphorus j>entasulplude, ammoniinn trithio- 
nate is formed. E. Muck reported that when manganese sulphide is })oiled witli a 
soln. of ammonium sulphate, ammonia and hydrogen sulphide are given oh, and a 
Hinall proportion of trithionate is formed. II, Bassett and R. G. Durrant added that 
the manganese sulphide serves as a source of hydrogen sulphide liberated by the 
acid derived from the ammonium sulphate. The product is thiosulphate ((/.r.), 
not trithionate. They also obtained a little trithionic acid by tlie action of 
liydrogen sulphide on sulphuric acid of such a concentration that sulphur is not 
deposited when a current of hydrogen sulphide is passed through. The sulphiiri(i 
acid has to be nearly 25iV- before any separation of sulphur occurs on the passage of 
hydrogen sulphide. It is assumed that the lirst stage of the action consists oi the 
formation of trithionic acid by reaction with the pyrosulphuric acid j)re 8 ent in tlie 
cone, acid: H 2 S 207 +H 28 ^H 2830 fi-|HjjO. The hydrolysis of the trithionic acid 
would yield sulphurous and thiosulphuric acid, which, in turn, would give sulphurous 
acid and sulphur. Sulphur could also be formed by the action of hydrogen sulphide 
on the intermediate products of hydrolysis. Just as H 2 S 2 O 3 is t[donated sul})[»uric 
acid, so trithionic acid can be regarded as tfiiopyrosulphuric acid. 

M. Hdnig and E. Zatzek found trithionate is produced, along with sulj>huri(* 
acid and sulphur, by the action of potassium permanganate, in the cold, ()n alkali 
sulphides or polysulphides. According to W. Spring, sulphur monocldoride reacts 
with potassium sulphite, forming a trithionate: 2 K 2 SO 3 +S 2 CI 2 —+ ^ > 
and sulphur dichlbride likewise reacts : 2 K 2 SO 34 -SCI 2 —K 2 S 30 (j+ 2 KCl. H. Debus 
said that water decomposes sulphur monochloride into thiosiilphurie and hydro¬ 
chloric acids and sulphur : 2 S 2 CI 2 + 3 H 2 O—H 2 S 2 O 3 + 4 HCI+ 2 H. The thiosulphuric 
acid soon splits into water, sulphur, and sulphurous acid. Whenever nascent 
sulphur and sulphurous acid meet under favourable conditions, polythionic acids are 
formed, and lie detected the presence of j>entathionic acid in the liquid-—vide infra. 
0 . Rulf and E, Giesel observed trithionic acid among the jiroducts of the hydrolysis 
of nitrogen tetrasulphide with water or ammonia. 

C. Langlois said that the aq. soln, of the acid is water-clear, and that when highly 
(‘oncentrated, trithionic acid furnishes a syrupy liquid which is not corrosive, is free 
from smell, and possesses an acidic, astringent, and bitter taste. J. Thomsen 
gave for the beat <rf fonnati(m, (2S02,S,0,Aq.=65*886 Cals.; (3S,50,Aq.) =201*76 
to 208*03 Cals.; and M. Berthelot, 211*4 Cals.; and M. J. Fordos and A. Gelis 
observed that the electrolysis of the trithionates furnishes potassium hydrosulphate 
at the anode. H. Hertlein gave 72*8 for the transport number of the anion 483 O 0 
at 25^ 

According to W. Petzold, the trithionates are broken down by heat into sulphates, 
sulphur, and sulphur dioxide; and in aq. soln. the trithionates are hydrolyzed : 
2 H' H 20 =S 203 "+S 04 "+ 4 H* ; but if the soln. is heated, it breaks down : 

S 30 o"=S 04 "+ 802 +S. There is a state of equilibrium with the pentathionates: 
SjiOo"+S 30 e"^ 2 S 406 ". The hydrolysis of trithionic acid in acidic soln. can be 
represented by: H 2 S 30 (j-j-H 20 ^H 2 S-f'H 2 S 207 , and 3 H 2 S 203 + 3 ll 20 ^ 3 H 2 S 

f 3 H 28 O 4 . According to F. Forster and A. Hornig, the hydrolysis in weakly acidic 
and weakly alkaline soln. can be represented H 2 S 3 O 64 H 28 O 4 +H 2 S 2 O 3 . 

The hydrolysis is greatly accelerated by salts of copper, silver, and mercury, with 
the precipitation of the sulphides of these metals. If the reaction were reversible, 
the formation of the sulphides could be explained by the decomposition of tht 
thiosulphate, with the consequent disturbance of the equilibrium ; but the addition 
of sulphates does not slow down the rate of hydrolysis, and the presence of barium 
salts does not accelerate it through the formation of insoluble barium sulphate. 
H. Bassett and B, G. Durrant suggest that symmetrical and asymmetrical 
forms of trithionic acid are in equilibrium in the soln.: HS.SO 2 .O.SO 2 .OH 
;?=iH 0 .S 02 .S.S 02 . 0 H. The symmetrical form is favoured in alkaline soln., but under 
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ordinary conditions of acidity tlie asynnnetrical form is favoured. The hydrolysis 
of the asymmetrical form yields hydrogen sulphide and f>yTosul})huric acid, and the 
reaction is greatly accelerated by the salts of cop]>er, silver, and mercury owing to 
the insolubility of the sulphides ; with a barium salt, there is no acceleration ])ecaus(‘ 
in the equilibria HsSaOrt+HoO. HoS {-lloS.Oy, and the 

pyrosulphtiric acid would l>e hydrated nearly as (piickly in the absence of barium 
as in its presence, since the equilibrium would be almost entirely in favour of 
sulphuric acid except in very concentrated acid soln. For a similar riuison, sul[)haie 
ions have little influence on the rate t*f hydrolysis. A. Kurtenacker and M. Kauf- 
mann, and F. Forster and A. Hornig found that in the aljsencc of salts of the 
heavy metals, neutral and acidic soln. furnish chiefly sulphate and thiosulphate ; 
and in the presence of sodium acetate, F. Forster found that the reaction : 

j Ho 0 -“-=H 2 S 04 ^-H 2 So 03 is (piantitative. In strongly alkaline soln., 
A. Kurtenacker and M. Kaufmann observed no sulphate, but only sulphite and 
thiosulphate: 2 H 2 S 30 ,,d 31120-H.S.O^-i-IHoSOa. In the hydrolysis of sym¬ 
metrical trithionic acid, H. liassett and K. (b Durrant said that the absence of 
sulphate indicates that in the first stage of the hydrolysis, the hydroxyl grouj) 
becomes attached to the central suipluir atom, and not to a terminal one, so as 
to form a molecule of sulphonic acitl, and an unstable intermediate compound, 
thioycrmonosulpliuric ncid, IIO.vS.SO 2 .OH, thus : 


HO.SO2 S.S.Og.Oll 
R OH 


H.S02.()Hq-H0.S.S().,.()H 


Tlie subsequent further liydrolysi.s of the thiopermonosulphuric acid yields 
sulphoxylic acid and another molecule of sulphonic acid : ()II.vS.vS0.2.0ll l-lloO 
-^ 8 ( 011 ) 2 +H.SO 3 H. The sulphoxylic acid is then oxidized to sulphurous acid 
by another molecule of thiopermonosulphuric acid, which is itself reduced to 
thiosulphate: ^{OHjo-r OH S.SOo.OH-^lIoSOjp}-IK^S-^Oa. The final result of the 
hydrolysis in alkaline soln. is re[>reseiited by the e(iuation: 2 [ 12830 ( 5 + 3 H 2 O 
^Ho 8203 -t 4112803 . It was not found possible to synthesize tritliionic acid 
from sulphoxylic and sulphurous acids by boiling a soln. of a mol of formaldehyde- 
sulphoxylate with l.J mols of sodium pyrosulphitc. 

Returning to the hydrolysis 2 H 2 S 30 (j-f- 3 H 20 ™ 11282034-4112803 studied hy 
A. Kurtenacker and M. Kaufmann, with decreasing alkalinity of the sola., sulphate 
as well as sulphite and thiosulphate is formed; and in the presence of sodium 
acetate— i,e, under nearly neutral conditions—sulphate and thiosulphate were 
found by F. Forster to be produced on et^uimolar proportions. The rapid hydrolysis 
of trithionate in strongly acid soln, yields more than one-third the original sulphur 
in the form of sulphate. H. Ba.ssett and K. G. Durrant said that sulphate 
and thiosulphate are never formed by the direct hydrolysis of trithionate—the 
asymmetrical form of trithionic acid yields hydrogen sulphide and pyrosulphuric 
acid; and the hydrolysis of the symmetrical form yields, in three stages, as 
indicated above : 2 H 2 S 30 (j-f 3 H 2 O— 1128203 -}- 4 H 28 O 3 , If both forms of trithionic 
acid were present in equal proportions, and hydrolyzed at the same time, the 
asymmetrical acid w^ould yield in tw^o stages .* H 2830 e+ 21 l 20 ?=^ 2 H 2804 +H 2 S 
-—F. Kessler observed the formation of hydrogen sulphide during the acid 
hydrolysis of trithionates—and the symmetrical acid in two stages: 1128305 
+ 21120 ^ 2112803 - 4 -S( 0 H) 2 . The hydrogen sulphide from the one would react 
with the sulphoxylic acid of the other: H 2 S+S( 0 H) 2 ^ 2 S+ 2 H 20 ; and the 
sulj>hur would react with the sulphurous acid: H 2 SO 3 +S—H 2 S 2 O 3 . This 

balanced state of the two modes of hydrolysis seems to occur in neutral soln., the 
resultant reaction being H 28306 -f-H 20 ^H 2 S 04 +H 2 S 203 . The formation of 
polythionic acids in the acid hydrolysis of trithionates is due to later changes. 
A. Sander represented the reaction with hydrogen dioxide : Na 28805 + 4 H 202 
+4NaOH— 3 Na 2 S 04 + 6 H 20 . A. Longi and L. Bonavia found that ioditun dioaddO 
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coinj)leteIy oxidizes tritliionatea to sulphates. According to M. Berthelot, when 
chlorine is passed into a soln. of a thiosulphate, suli>huric acid or a siil})hate is 
formed ; likewise also with bromine where the heat of oxidation is 161*6 (kls. 
J. A. Muller said that action of iodine on cold, neutral soln, of trithionates, or soln. 
acidified with acetic acid is very slow; hut is faster with warm soln. C. Langlois said 
that hydrochloric acid has no action on tritliionic acid, W. Spring said that 
hydrochloric acid does T)ot decompose trithionic acid in the cold, hut when heated 
hydrogen sulphide and suljdiur are formed. M. J. Fordos and A. Uelis found that 
trithionates are decomposed l)y cone- hydroeddoric acid without liberating trithioni<‘ 
acid ; similarly also witfi iodic acid, and with chloric acid. (I Langlois o})served 
that trithionic acid is oxidized })y chloric acid, forming sulphur, sulphuric acid, and 
chlorine, while perchloric acid is without action. H. Debus represented the 
reversible action of sulphur on potassium trithionate by : ^K2Sj()6 : 

and K2K30e+2Sr=^K2850(5. H. Debus observed that while tetrathionic and 
]>entathiomc acids are decomposed by hydrogen sulphide, trithionic acid, a far less 
stalde compound, which is slowly evolving sulphur dioxide, is not acted upon by 
that gas at ordinary temp. W. Petzold confirmed this. According to H. Debus, 
tetrathionic and jientatbionic acids react with hydrogen sulphide, forming water and 
sulphur, l)ut no sulphuric acid. The hydrogen of the hydrogen sulphide reacts 
w ith the oxygen (>f t hese two j)olythionic acids. During their spontaneous decompo¬ 
sition in aq. s(dn., sulphur is separated, but no sulphur is produced ; on the other 
hand, an aq, soln. of trithionic acid is steadily decomposing with the formation of 
suif)huric acid. Hence, continued IL Debus, the arrangement of the atoms in the 
tritiiionate must be such that the aflinity of sulphur for oxygen is easily satisfied. 
WhcTi a soln. of trithionic acid is saturated with hydrogen sulphide, there are two 
infiucaces at work : (i) the allinity of sulphur atoms for oxygen atoms, and (ii) the 
affinity of the hydrogen of hydrogen sulphide for the oxygen (d the trithionate. 
These 0})]:)0sing influences counterbalance one another so that a soln. of trithionic 
acid saturated with hydrogen sulphide is more stable than the soln. of trithionic 
acid alone. If hydrogen sulphide is passed into a mixture of tri-, tetra-, and penta- 
thionic acids, the trithionic acid quickly disappears ; tetra- and penta-thionic aoids 
with hydrogen sulphide produce water and sulphur; sulphur in statu nascendi^ 
combining with tritliionic acid, forms respectively tetrathionic and pentathionic 
acids —vide supra, polythionic acid. Hydrogen sulphide acts on potassium trithio¬ 
nate much more slowly than it does on the penta- or tetra-thionate. A soln. of the 
trithionate, saturated with hydrogen sulphide, had to stand three days before all 
the hydrogen sulpliide was decomposed. The liquid deposited much sulphur, and 
the other products of the reaction were 2K2S3O6 + 5H2S ~K2S04-fK2S2O3 
+5H2O+88—the odour of sulphur dioxide could be also jierceived. G. Chancel and 
E. Diacon, and A. Kurtenacker and M. Kaufmann found that potassium sulphide 
converts the trithionate into thiosulphate without the separation of sulphur : 
K2S30 (j~(“K 28"-2K2S203, and W. Spring obtained an analogous result with lead 
tritluonate and sulphide. W. Petzold said that trithionates are stable in the 
presence of sulphur dioxide. The reaction was studied by W. Feld, and F. Ober- 
dick. H. Debus showed that if a soln. of trithionic acid be treated with sulphur 

dioxide, all three polythionic acids—-tri-, tetra-, and penta-will be in the liquid 

after some time —vide supra, polythionic acids; any thiosulphuric acid which 
is formed reacts with the trithionic acid, forming tetra- and penta-thionic acids. 
W. Spring said that dil. sulphuric acid does not act on trithionic acid in the cold, 
but when boiled, hydrogen sulphide and sulphur are formed; cone, sulphuric 
acid was found by C. Langlois to heat the soln. and so decompose the trithionic 
acid. H. Debus said that dil. sulphuric acid neither accelerates nor retards the 
decomposition of the trithionates ; and M. J. Vordos and A. 641is said that cone, 
sulphuric acid develops heat with the separation of sulphur and the evolution of 
sulphur dioxide. 

C. Langlois observed that with nitric acid, nitric oxide is given oft, sulphur 
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is deposited and transformed into sulphuric acid» and M. J. Fordos and A. Gelis 
made a similar ohservation with respect to the trithionates. According to A. Gut- 
mann, sodium trithionate is reduced to the sulphite by sodium arsenite dissolved 
in soda-lye ; and the amounts of arsenate and thioarsenate formed agree with the 
equation : Na2S306+2Na3As03 \ 2Na0H^-2Na2803-f Na3A8803 f Na3As04+H20. 
The reaction was discussed by T. S. Price and D. F. Twiss, and J. E. Mackenzie and 
H. Marshall —lyide supra, polythionic acids. F. Raschig said that the trithionates 
react quantitatively with cyanides in hot alkaline soln. to form sulphites. This 
reaction was foimd by A. Kurtenacker and A. Fritsch to be incomplete in neutral 
soln., whereas tetrathionates in alkaline soln. give sulphites as well as thiosulphates. 
E. Weitz and F. Achterberg obtained salts with benzidine. 

F. Muck represented the reaction with sodium : K2S30(^4‘2Na-—KNa8203 
-fKNaS03, and with more sodium, the thiosulphate is converted into sulphide and 
sulphite. According to M. J. Fordos and A. G61is, wlien a trithionate is warmed with 
an excess of potassium hydroxide, sul})hite and thiosulphate are formed: 
2K2B30 (j f 6KOH—K282O3+4K28O3 1 SHoO, and a trace of sulphate. M. Bert-helot 
added that the reaction does not occur in the cold, and in hot soln. it is attended by 
the development of much heat. F. Kes.sler represented the reaction with boiling 
alkali-lye, K2S306+2K0H=K2S203-| K2804-fH20, and lead acetate does not 
give a black precipitate with the soln A. Kurtenacker and M. Kaufraann said that 
the decomposition is slow in the ease of dil. alkali and probably follows F. Forster 
and A. Honig’s equation S30c"-f 20H'—804''“1-H20, only a trace of j>enta- 
thionate is formed. E. H. Riesenfeld and G. W. Feld said that when boiled with an 
excevss of alkali-lye, thiosulphate and sulphite are formed: 28303"-j-GOH'-=8203" 
-f 4S03"“h3H20; C. Langlois said that cold soln. of copper salts give no precipitate 
with trithionates; and W. Spring, that a boiling soln. of trithionic acid is completely 
decomposed by copper sulphate with the precipitation of copper sulphide ; the 
reaction with potassium trithionate only occurs if none or only a trace of sulphite is 
present; otherwise, the copper sulphate is reduced and cuprous potassium trithio- 
nate is formed. E. H, Riesenfeld and co-workers gave the equation: 
S303"-fCu‘*-f2H20~-CuS-f2S04"+4H‘, and added that tetrathionates are indif¬ 
ferent towards this reagent. For the action of aq. and ammoniacal silver nitrate 
soln., vide Table XVII. C. Langlois said that \\dth silver nitrates the trithionates give 
a yellowish-white precipitate which rapidly blackens owing to the formation of silver 
sulphide. C. Langlois observed no precipitation occurs in the cold with soln. of 
calcium, strontium, or barium salts ; likewise also with salts of magnesium, and 
zinc. In the case of the barium salt, barium sulphate may be precipitated when the 
mixture is heated. According to W. Spring, trithionic acid with a small proportion 
of mercurous nitrate gives a black precipitate which soon turns white—Table XVII; 
and C. Langlois said that a black precipitate of mercuric sulphide is produced by 
mercurous salts and trithionates, and with mercuiic salts the black sulphide passes 
into white sulphate. W. Spring, and H. Debus observed that with mercuric 
chloride, a white sulphochloride is precipitated and no free sulphur is formed ; and 
with mercuric cyanide, there is first a yellow precipitate which blackens slowly in 
the cold, and rapidly when heated. R. Willstatter said that the precipitate with 
mercuric nitrate is yellowish-brown, and that it blackens when warmed, and 
whitens when boiled. W. Feld represented the reaction with mercuric chloride: 
Na2830e+2HgCl2+2H20=Na2S04-h2HgCl+H2804+2HCl+S; but A. Sander 
showed that a sulphochloride, Hg382Ci2, is formed, 2K£Sa06+3HgCl2+4H20 
=Hg3l^Cl2+4KCl-f 4H2SO4. C. Langlois said that no precipitation occurs in the 
cold with of aluminium, lead, uranium, cobalt, and niokol ; while mangaiiio 
sulphate is decolorized. A. Gutmann found that sodium trithionate is reduced by 
sodium stannite and hydroxide to sodium sulphite, stannate, and thiostannate. 
A. Longi and L. Bonavia said that iKitassium pormailgaiiate in alkaline soln. 
slowly oxidizes trithionate to sulphates. F. Raschig said that in an acidic soln. 
potassium permanganate oxidizes two-thirds of the trithioiiate sulphur to sulphate, 
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and the remainder to dithiouate. W. Wardlaw and N. D. Sylvester found that 
acidihed soln. of tervalent molybdenum salts react with sodium trithionate, forming 
a brown precipitate as in the case of sodium tetrathionate, possibly with the 
intermediate formation of 'tmlyhlenum IrUhionale. 

Trithionic arid is dibasic, forming salts called trithionates, Mo'SsO^j. Most of 
these salts are readily soluble in water. The potassium salt is the best known. 
F. Muck was unable to prepare ammonium trithionate, (NH4)2S30e, by the 
action of manganese sulphide on ammonium sulphate; ammonia and hydrogen 
sulphide are given off, but no ammonium sulphide is formed; the soln. probably 
contains a complex manganese ammonium trithionate. W. Spring heated a 
mixture* of phosj)horus pentasulphide and ammonium sulphate, and found that 
ammonium thiosulj>hate and polysulphide are given off, while impure ammonium 
sul})hide remains in the r(‘sidue, and is thought to be formed by the decomposition 
of the thio.sulphate : 2(NH4)2S203-=r(NH4)2S3064-(NH4)2S. This is an unsatis¬ 

factory method of {)re])aration. E. Divers and M. Ogawa said that the ammonium 
salt is so very soluble that it cannot be obtained by the process employed by 
K. Mathieu-Plessy, and H. llcrtlein for the potassium salt; but they obtained it 
by treating a soln. of the potassium salt with hydrofiuosilicic acid, neutralized the 
clear liquid quickly with ammonia, precipitated the ammonium trithionate with 
al)solut/€ alcohol, and dried it in a desiccator. The very deliqiiescent, and change¬ 
able salt cannot be kept long in good condition. It is vscarcely affected by heat 
until the temp, exceeds 150'’, and it steadily decomposes between 160° and 170°, 
forming sulphur dioxide, a residue of ammonium sulphate and of unfused sulphur. 
The non-fusion of the sulphur in attributed to the presence of minute quantities 
of impurities ; it is freely soluble in carbon disulphide and crystallizes out on 
(‘V'aporating the solvent. J. A. Christiansen obtained j?-toluoyl trithionate. 

The methods of preparing potassium trithionate do not succeed so well when 
employed for sodium tritUonate, Na2S30o.3H20. F. Kessler obtained it by mixing 
soln. of potassium trithionate and sodium hydrotartrate in the smallest possible 
quantity of water, cooling rapidly to 0°, and evaporating the clear liquid in vacuo. 

B. Rathke said that sulphur dioxide is given off, and that sodium sulphate crystals 
are followed by those of sodium thiosulphate, but not trithionate. C. J. Thatcher 
obtained it by the electrolysis of a feebly acidic or alkaline soln. of sodium 
thiosulphate, and by the hydrolysis of aii alkaline soln. of tetrathionate. A, Colefax 
— vide su'pra —observed its formation as a secondary product in the reaction between 
iodine and a mixture of sulphite and thiosulphate. W. Spring prepared it from 
sodium mercuric thiosulphate as indicated above ; A. ViUiers, by the action of 
sulphur dioxide on sodium thiosulphate; and R. Willstatter, by the action of 
hydrogen dioxide on sodium thiosulphate. According to A. ViUiers, the rhombic 
prismatic crystals have the axial ratios « : 6 : c=0*5040 : 1 : 0*6972. M. Berthelot 
gave for the heat cf formatfon (3S,302,2Na)--393-6 Cals. ; and for the heat of sola., 
--10-14 Cals, at 10*2°. 

As previously indicated, potassium trithionate, K2S3O0, was prepared by 

C. Langlois, B. Rathke, W. Spring, E. Mathieu-Plessy, G. Chancel and E. Diacon, 
H. Hertlein, etc. J. E. Mackenzie and H. Marshall mixed 20 grms. of potassium 
persulphate, 46 grras. of strontium thiosulphate, and 70 c.c. of water. The filtered 
liquid was allowed to eva^wrate spontaneously in a current of air, and filtered each 
day to remove the deposited sulphur. The tetrathionate was nearly all decomposed 
by the time the crystals of trithionate began to form. The crystals were 
dissolved in the minimum quantity of water at about 30°, and the filtered soln. 
allowed to cool slowly. This treatment was repeated until no sulphur was 
deposited when the soln. was allowed to stand for 2 or 3 firs. The soln. saturated 
at 30° was then allowed to cool slowly for 4-5 days when well-developed crystals 
were formed. The rhombic, prismatic crystals were found by F. de la Proyostaye 
to have the axial ratios a:hi c«=0-7166 :1: 0*4215. They were also examined by 
C, F. Rammelsberg, H. E. Merwin, and HL Baker. B. Rathke said that the crystals 



608 


INORGANIC AND THEORETICAL CHEMISTRY 


are monoclinic, but he gave no measurements. J. E. Mackenzie and H. Marshall 
gave for the axial ratios of the rhombic bipyramids a:h: c=:=:0*7168 : 1 : 0'4193. 
No distinct cleavage was observed ; in convergent, polarized light, viewed through 
the (210)-face, the interference figures showed that the plane of the optic axis is 
parallel to the (010)-face, with the c-axis as acute bisectrix. The optic axial angle 
2F=68° 15'. H. E. Merwin found 2F--72° (Na-light); and J. B. Mackenzie and 
H. Marshall found that the sp. gr. varied from 2*3335 to 2*3395—average, 2*336. 
11. Hcrtlein gave for the sp. gr. 2*3036 to 2*3044, and for the mol. voL, 
117*39. H. Hertlein found the sp. gr. of soln. with 1*326, 3*281, 6*396, and 11*989 
per cent, of the salt to be respectively 1*00868, 1*02148, 1*04234, and 1*08124 ; and 
the mol. vol., 94*942, 97*132, 98*683, and 101*00 respectively. C. Langlois found 
that when heated to redness potassium trithionate decomposes into*sulphur, sulphur 
dioxide, and potassium sulphate : K2830(5—SO2+K2SO4+S. J. Thomsen gave 
for the heat of formation (2K,38,302) "~406*8 Cals., and M. Berthelot, 416 Cals. 
J. Thomsen gave —13*15 Cals, for the heat of soln.; F. Martin and L. Metz, 
401 Cals. ; M. Berthelot gave KoS306aq.+4Br2(soln. in KI)+61120 “"'3KBr 
+3H2S04+6HBr +74*7 Cals, at 10°; and for the heat of the reaction with potassium 
hydroxide, 2K2S30«aq.+6K0Haq. K28203aq.+4K2S02aq.d-311203+18*5 Cals. 

J. E. Mackenzie and H. Marshall found the indices of refraction for Na-light to be 
a”l*4925, )8-™l*5646, and y—1*6014; and H. E. Merwin gave for light of 
wave-length A,: 


A . 436 

a j-6040 

S . 1 5805 

7 1*621 


486 546 

1*4993 1*4954 

1*6732 1*6673 

1*612 


678 684 

1*4941 1*4934 

1*5649 1*5641 

— 1*602 


666 691,i/i 

1*4909 1*4903 

1*6607 1*6691 

1*696 


H. Hertlein gave for the sp. refiaction of the aq. soln. for Na-light, 0*2392 with 
the /^-formula, and 0*1401 with the /t^-formula; the corresponding mol. refrac¬ 
tions are 64*69 and 38*15 respectively. V. J. Sihvonen found maxima in the 
ultra-red reflection spectrum at 8*3/x, 10*0ft, 15*l/x, 16*5/i, and 19*3/i. R. Robl 
observed no fluorescence when the salt is exposed to ultra-violet light. 
H. Hertlein gave for the electrical conductivity, /x, at 25° of soln. with a mol of the 
salt in V litres : 


r . 32 64 128 266 612 1024 

. 114*4 121«0 129*0 133*7 137*9 140*8 

According to C. Langlois, and F, Kessler, the salt has a bitter taste ; it is stable 
in air; and has a neutral reaction. It is readily soluble in water, and the soln. 
decomposes the more rapidly the higher the temp. H. Debus said that when the 
soln. is allowed to stand for a long time, it forms sulphate, sulphurous acid, and 
sulphur, and the latter, in statu nascendi, unites with the undecomposed trithionate, 
forming tetrathionate and pentathionate. 

J. E. Mackenzie and H. Marshall prepared rabidimu trithionate, Rb2S3()e» as 
in the case of the potassium salt, but using 20 grms. of rubidium persulphate, 33 
grms. of strontium thiosulphate, and 40-50 c.c, of water. Rubidium trithionate 
is more soluble than the j^tassium salt. The crystal of the two salts are isomor- 
phous. The long prismatic crystals are rhombic bipyramids with the axial ratios 
a : J : c=0*'7058 :1: 0*4176, with the optic axial angle 27=62*^ 33'. The optical 
characters are similar. The sp. gr. is 2*843 to 2*847—average 2*845—and the mol. 
vol. 127*7. The indices of refraction are a=l*4874, j3=l*5580, and y=l*5867. 
OsBSlllin trithionate, C82S30<j.H20, was obtained from 32 grms. of csesium per¬ 
sulphate, 45 grms. of strontium thiosulphate, and 60 c.c. of water. The crystals 
belong to the triclinic System, but they could not be measured satisfactorily 
Giving to their rapid efflorescence. The sp. gr. is 3*189 to 3*196—average 3*192 
—and the mol. vol. 149*1. By slowly cooling a hot alcoholic soln. from 50®, the 
anhydrous salt was obtained. The crystals were not well-developed. The sp. gr. 
18 3*326. 
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C. Langlois found that copper trithioaate is soluble in water and very unstable 
--ride —decomposing in soln. with the precijiitation of copper sulphide. 

U. T. Morgan and F. II. Burst-all fouixl tliut the salt can )»e stabilized l»y union with 
ethylenedianiine; and they ]>re{)ared copper bisethylenediaminotrithionate, 
[Cu eni>]S306, by adding an uq. soln. of 7*1 grins, of sodium trithionate to a cold 
soln. of 5*9 grins, of copjier acetate, and 3*G grrns. of ethylenediamine ; and then 
adding an excess of alcohol to the purple, filtered soln. The salt was recrystalLzcd 
from lukewarm water, and dried in a desiccator. Copper bisethylenediamino- 
trithionate is quite stable in the air under normal conditions, but on lieating it 
decomposes without melting at Silver nitrate gives, in the cold, a white 

])recij)itate, rapidly becoming yellow and finally black ; tliis decomposition is 
greatly facilitated by warming. Barium chloride has no action in the cold, but on 
heating a white ])recipitate is formed. Sodium hydroxide causes tlie purple aq. 
soln. to become blue, whereas dil. acids discharge the intense colour, with dejiosition 
of cop[)er sulphide. (\ Langlois observed that while trithionic acid does not give 
a precipitate with aminoniacal silver nitrate, a soln. of a trithionate, when treated 
\vith silver nitrate, gives a yellowish-white yirecipitate of silver trithionate w hicii 
rayudly decomposers into silver sulyjhate and sulphide. Calcinm trithionate, and 
strontium trithionate have been obtained only in aq. soln. C. Langlois y>re}>ared 
barium trithionate, BaS^Og/ilLO, by the action of baryta-water on trithuihc acid ; 
F. Kessler, by saturating trithionic acid with barium carbonate, and precipitating 
w'ith alcohol; and W. Spring, by the action of sulphur nionocliloride on barium 
.sulphite. The tabular crystals are soluble in water, and the .>oln. quickly decom¬ 
poses with the separation of barium sulphate. Blagnesium trithionate has been 
o})tained only in aq. soln. M. J. Fordos and A. Gtdi.s obtained zinc trithionate 
among the juoducts remaining on evajioratiag a soln. of zinc thiosulphate. The 
soln. of zinc trithionate readily decomposes on evay>oration into sulphur, sulphur 
dioxide, 7»nc suljihide, and sulphate. E. Henderson and H. B. Weiser said that 
tiie Soln. decomposes wdxen evaporated in vacuo at 40^. Mercurous trithionate and 
mercuric trithionate are sparingly soluble but rapidly decompose- -nde siqmi, 
F. Kes.'^ler represented the action of heat on mercuric trithionate: lIgSsOe 

HgS+2SUj; aluminium trithionate has been obtained only in aq. soln. 
K. J. Bevan prepared thallium trithionate, TLSsO^, by evaporating a soln. of thalloua 
carbonate in trithionic acitl. The colourle.ss, acicular crystals are isomorphous with 
tho.se of the jiotassium salt. They decomyiose slowly at ordinary temp., rapidly 
when heated ; and on this account it is difficult to prepare the salt free from sulphate. 
C. Langlois obtained lead trithionate, PbSsOe, from an aq. soln. of trithionic acid 
and a lead salt. F. Kessler also ])repared this salt. When dried in vacuo, J. Fogh 
said that the sak is anhydrous, and he obtained it by allowing a mixture of sat. 
soln. of lead acetate and sodium trithionate to stand for several days in a closed 
flask. He also said that it is formed when lead thiosulphate is boiled with water, 
2 PhS 203 --PbS l-FbSgOft, but W. H, Perkin.s and A. T. King said that there is no 
justification for this statement. C. Langlois obtained lead trithionate as a whit( 
precipitate which becomes black wdien heated. J. Fogh said that the acicular 
crystals are stable at ordinary temp., but w'hen heated give off sulphur dioxide. 
The heat of formation is 285-2 Oals.; and the heat of soln., —5 Cals. G. Chancel 
and E. Diacon found that the salt is sparingly soluble in water ; it is also soluble in 
a soln. of sodium thiosulphate, and, added A. and L. Lumi^re and A. Seyewetz, 
tlxis soln. is very unstable. Uranium tritbionate has been obtained only in aq. soln., 
and a similar remark applies to cobalt trithionate, and nickel tritluonate, L. Vanino 
and F. Mussgnug were unable to prepare normal bismuth trithionate, Bi 2 (^ 30 Q) 3 , 
by the action of sodium trithionate on a bismuth-mannitol soln. 

. KjE:r£B£»CB.S. 

* C. Langloifl, Mim, Strdsabourg 8m'. Hint. Nai.f 3, 1H40; ('ompt. ihnd.^ 10. 461, 1840; 
$2,842, 1866; Jomn. praki. Chetn., (1), 20. 61. 1840; Lithigs 40. 102, 1841; Z^ii. 
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^ 43. Tetrathionic Acid and the Tetrathionates 

In 1842, M. J. Fordos and A, Gelis,^ in their memoir Sur un nouvel oxacide du 
sou/re, said that the hyposulphites (thiosulphates) were en quelgue sorte ouhlih des 
chimwtes until M. Daguerre employed sodium thiosulphate in his work on photo- 
graphy. This stimulated intere.st in this salt. They tried to analyze the salt by 
treating its aq. soln. with chlorine so as to transform the sulphur into sulphuric acid, 
but the deposit of sulphur which was obtained was very difficult to separate by 
filtration. They then tried iodine, expecting that, as in the case of sulphites, the 
sulphur would be oxidized to sulphuric acid and the iodine reduced to hydriodic 
acid , but the result was different. With iodine and a soln. of barium thiosulphate, 
no barium sulphate was precipitated and a clear soln. was obtained. They there¬ 
fore inv^tigated cetie reaction curteme. A soln. of sodium thiosulphate was treated 
with iodine; much iodine was absorbed, without producing any deposit or changing 
the colour of the liquid. When the soln. was saturated with iodine, any further 
addition prc^uced a yellow coloration. The liquid then contained no sulphate, 
^Iphuric acid, or any substance capable of giving a precipitate with a barium salt. 
The water was not decomposed, and no acid was formed, for the liquid was nedtral 
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before and after the operation; it was without odour, and this would not have been 
the case if it contained sulphurous acid. Commercial sodium thiosulpliate absorbs 
about half its weight of iodine. The crystals contain 5 eq. of water, so that 
1 grm. of the salt contains 0*638 grin, of anhydrous thiosulphate ; and 1 luol 
of the salt absorbs a gram-atom of iodine. The iodine is })re8ent in the soln. us 
iodide, for the liquid gives all the reactions charact^eristic of the iodides. Since no 
sulphuric or sulphurous acid is formed during the action of iodine on the thiosulphate, 
and no precipitation of sulphur occurs, it is natural to assume that the iodine removes 
from the thiosulphate half its combined sodium and the residues combine together 
in pairs, forming the sodium salt of a new acid, H2S4O6, analogous to C. Langlois 
I'acide sulfftyposulfurique, H2S3O3, but richer in sulphur. The reactioii is repre¬ 
sented by the equation 2Na2S2^3'f'l2“2NaI+Na2S40(j. 

M. J. Fordos and A, Gelis precipitated a cone. soln. of sodium thiosulphate with 
]>arium acetate, and washed the product with dil. alcohol; they stirred up the 
product with water, and added iodine in small quantities at a time »o as to form a 
soln. of barium iodide and tetrathionate. Barium iodide was washed from the 
crystallized product by means of alcohol. The resulting barium tetrathionate was 
treated with sulphuric acid (1 : 4) in the cold. The filtered liquid was evaporated 
in vacuo over sulphuric acid. F. Kessler added that the soln. of the acid so obtained 
is not quite pure since in the presence of strong bases, it is resolved into trithiomc 
acid and sulphilr. He treated lead thiosulphate with iodine, and filtered ofi tlie 
lead iodide; he then precipitated the lead from the lead tetratliionate soln. by 
sulphuric acid; and finally removed the sulphuric acid by barium carbonate 
The filtered liquid was then evaporated on a water-bath. The lead cannot be 
precipitated by hydrogen sulphide because tetrathionic acid is decom])osed by that 
gas. H. Debus obtained soln. of the acid by treating the potassium salt w ith the 
calculated quantity of tartaric acid, and, after two days, filtering the liquid 

Tetrathionic acid exists only in aq. soln.; neither tetrathionic acid, 
nor tetrathionic anhydride, S 4 O 5 , has been prepared. The aq. soln. has about th(‘ 
same stability as dithionic acid. M. J. Fordos and A. Gelis said that the dil. 
aq, soln. can be boiled without decomposition, but the cone. soln. decomposes into 
sulphur, sulphur dioxide, and sulphuric acid. F. Kessler said that the acid is not 
decomposed by boiling, and added that M. J. Fordos and A. Gelis's product probably 
contained sulphuric acid. H. Hertlein said that tetrathionic acid is zicmltch 
unbesidndig. H. Debus showed that an aq. soln. of potessium tetrathionate at 18° 
slowly decomposes into the pentathionate and trithionate, sulphurous acid, and 
pota^ium sulphate. The first action is symbolized: 2K2S40e~K28500+K2S8O6, 
and, as previously indicated, the trithionate decomposes: 3K2^O0~2K2SO4 
-f 2SO2+K2S5O6. The crystals of the potassium salt smelt of sulphur dioxide 
after being kept in a closed bottle for some time ; the decomposition is produced 
by water enclosed in cracks and fissures in the crystals ; the thoroughly dried salt 
can be kept without the slightest change. A. Kurtenacker and M. KauJEmann said 
that, as indicated by H. Debus, potassium tetrathionate, in soln., forms a mixture 
of thionates, resembling that writh the pentathionates. They get the necessary 
sulphur when the tetrathionate forms trithionate: S4Oe''=S3O0"-^-8. H. Hertlein 
said that potassium tetrathionate is relatively stable in aq. soln.; while the barium 
salt is unstable. T. Curtius found that an aq. soln. of barium tetrathionate decom¬ 
poses into barium thiosulphate, thiosulphuric acid, ‘and oxygen, and these com¬ 
pounds subsequently decompose into sulphur, sulphur dioxide, and sulphate ; and 
if the soln. of barium tetrathionate is treated with alcohol the thiosulphate is formed 
— Q. A. Lenoir regarded the precipitate as barium pentathionate. G. Chancel and 

E. Diacon added that copper tetrathionate decomposes slowly at ordinary temp., 
forming the sulphide ; the change is rapid at a higher temp. 

The iodine process was used by A. Schwicker, N. von Klobukoff, H. Hertlein, 

F. Kessler, etc. A. Sander showed that the presence of thiosulphate accelerates the 
decomposition of the tetrathionate, not, as suggested by W. Feld, by the reaction 
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Na2B40Q-|~2Na2S203™5S+3Na2S04, but rather by a purely catalytic effect. 
Potassium tetratliionate of a high degree of purity can be obtained as follows: 

To a cooled soln. of 26 grms. of iodine in alcohol is added, drop by drop, a safc. soln. in 
water of 50 grms. of sodium thiosulphate or 39*5 grms. of potassium thiosulphate. Thc^ 
tetratliionate, which separates out as it is formed, is collected, and w^ashed with alcohol until 
it is free from iodine and iodide, dissolved in a little water, and again precipitated by 
alcohol. After drj^ing over sulphuric acid, it can be kept for many months without 
undergoing decomposition. 

As indicated in connection -with tIuosul])hates, the cyanogen halides form some 
tetrathionate. As indicated in connection with the thiosulphates, other oxidizing 
agents produce some tetrathionate ; thus, M. J. Fordos and A. Gelis, and F. Dimiert 
and F. Waudenbuicke, and (4. Jiunge observed that this occurs with hypochlorites 
vide iiupra, the thiosulphates, and trithionates ; M. J. Fordos and A. Gelis, with 
chlorates; E. Sonstadt. with iodates: r)Na2S203 hKlG^ j-GHCl—3Na2S4()t^ 

d-KI~l"6NaCl+3H20 ; A. Benratli and X. Rulaiul, ceric ^sulphate ; M. J. Fordos 
and A, Gelis,ferric salts: I 2Fe(’l2^2NaCl } 2FeCi2'hNa2B40(j—J. Scherer 

added that in warm or in acidic soln. some sulphate is formed ; G. Chancel and 
E. Diacon, barium or lead dioxide : 2PbS203-^"Pl)02 f- 2112804"- PbS406+2Pl>S04 
-j-2H.20, and A. Nahl, hydrogen dioxide: 2Na28203+H202“"Na2840g-j-2Nii(RI, 
provided that the sodium hydroxide is neutralized as it is formed, otherwise the 
alkali hydroxide ciecom]>oses tlie tetrathionate iiit^j thiosulphate, w^ulphate, and 
sulphite. R. Willstatti'r studied this reaction -vide supra ; M. J. Fordos and 
A. Gelis, and G-. Chancel and E. Diacon observed that the reduction of cupric to 
cuprous salts is accomj>anied by the oxidation of thi()sul[)liiate to tetrathionat('. 
C. F, Rammelsberg observed that this occurs with potassium thiosulphate, and 
E. Zettiioff, with sodium thiosulphate. J. ,1. van Henesse re])resented the reaction : 
2CuS04-i-3Na2S203—Cu2S203-{ Na2S4()(;-4 2Xa2S04. G. Vortmanu stated that 
sulphuric acid is not produced, although M. Siewert, and F. Kcssel re})orted that it 
is forme<l. G. Vortrnanii observed the formation of the complex salt which C. and 
]. Bhaduri said decomposes : 3Cu2S2U3.2Na282U3.BH2G--3('u2S f 2Xa28U4-i 
d-28“1-2802+7H2O. Bassett and R. G. .l)urrant said that the formation 
of the complex salt and tetrathionate agrees with 2CuCl2'i 4X^1082034-H2O 
:--X4i28203.Cu2S203.H20+Xa2840ft-| 4NaCl, in which tio sulphuric acid is formed. 
Any sulphuric acid found by M. Sievert, and F. Kessel is attributed to the ]»artial 
decompo.sition of one of the complex salts; and J. J. van Renesse indicated that 
cuprous thiosulphate is produced, but if so, it must be very unstable. F. Raschig 
obtained potassium tetrathionate by oxidizing the thiosulphate with co})per 
sulphate: 3Na2S203+2CuS04--Cii2S203+2Xa28O4-t Xa2840g, and then treatii\g 
the product with potassium acetate. The potassium tetrathionate is then washed 
with alcohol. H. Marshall observed that thiosulphates are oxidized to tetrathionates 
by persulphates: 2SrS203+K2820g'-=-28r804+K28406- owing to the sparing 

solubility of barium thiosul][>hate, J, E. Mackenzie and H. Marshall found it 
better to use the more soluble strontium salt; J. F. Norris and H. Fay, selenium 
dioxide, 4Na2S203+Se02~2Na28406+Se f 2Na20 ; H. Bassett and R. G. Duxrant, 
methylene-blue in strongly acid soln.; and H. Debus, W. Feld, F. Raschig, and 
A. Villiers, the passage of sulphur dioxide, when tri- and ponta-thionates are also 
formed. G. Vortmann observed that tetrathionate is formed when arsenic trioxide, 
antimony trichloride, or stannous or stannic chloride is allowed to act on sodium 
thiosulphate: As203+9Na2S203-=Afl2S5+3Na2S40o4 SBOg+CNaaO. W.Springlike- 
wise said that tetrathionate is formed when sulphur dichloride or sulphur mono- 
chloride acts on potassium thiosulphate; and H. Debus, by the action of sulphur 
dioxide and water on sulphur monochloride—there are formed at the same time 
hydrochloric, sulphuric, and pentathionic acids, and sulphur. W. Spring added 
that trithionate not tetrathionate is formed by the action of sulphur monochloride 
on potassium sulphite. P, Pierron obtained tetrathionate as a product of the 
anodic oxidation of sodium thiosulphate; .F. J. Faktor also obtained it in the 
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electrolysis of sodium thiosulphate ; and C. J. Thatcher, by the (‘leetioly.sis of 
neutral soln. with between —0-75 and -~0-95 volt. 

The formation of tetrathionio acid in the action of hydrogen sulphide on 
sulphurous acid has been discussed in connection with the ]>olythionates, and 
Wackenroder’s liquid [q.v.). W. Spring represented the reaction 
-2H20H-3S; SOa f H^O+S-H^S^Oa; SO2+2H2S2O3-H2SO2+H2S4O6. fie 

said that tetrathionic acid can be foimecl by the action of sulphur dioxide on flowers 
of sulphur ; he thought that the indigo-blue colour which may appear indicates 
the formation of hyposulphiirous acid which he symbolized H2HO2, The blue 
colour, of course, may indicate colloAlal sulphur. H. Debus added that only w hen 
in statu nascendi will sulphur react with sulphur dioxide. T. Curtius and F. Henkel 
agitated Wackenroder's liquid with an excess of barium carbonate, and droj^ped the 
liquid, before it began to decompose, into absolute alcohol—each drop gave a 
crystalline precijiitate of barium tetrathhjnate which could be dissolved in a little 
water, and again })recipitated by alcohol. V. Lewes added enough liaryta-w^ater 
to Wackeiiroder’s liquid to neutn^lize about one-half ; and next day filtered off th(‘ 
sulphur, and the barium sulphate. When evaporated in vacuo, sulphur sejairates 
out, and in about three w’eeks, barium tetrathionate a]>pear8. The mother-liquor 
furnishes the pentathionatc. The tetrathionate so prepared is identical with that 
ol)tained from the thiosulphate and iodine. T. Curtius said that barium carbonate 
decomposes the peiitathionic acid in Waekenroder’s liquid into the tetrathionate : 
H2*S506-bBaC03 -BaS405 ^-002+11204-8. According to W. Spring, the addition 
of alcohol to a soln. of barium tetrathionate yields a precipitate not wholly soluble 
in w’’ater. This insoluble portion is stated by T. Curtius to be barium thiosulphate. 
The salts prepared by V. Lewes's process are said to be of variable composition, and 
'P. Curtius obtained w'ell-formed salts, by evaporating down the half-neutralized 
soln., witli carbonates of the weak bases, such as zinc, and filtering off the sulphur 
and exccvss o^ carl>onate. I^y this means, an acid liquid is produced, which, when 
lieated in small (quantities in a test-tube, explodes, yielding sulphur, zinc sulphide, 
sulphurous acid, and hydrogen sulphide ; if, however, the soln. is slowly evaporated 
at a low teiii})., the whole solidities on cooling to a crystalline mass consisting of non- 
delhquescent crystals. The zinc s^dt is soluble in water ; the didymium compound 
forms hard, sandy, transparent, rose-coloured crystals, of acid reaction, soluble in 
w^ater, but preci{)itated from soln. as a red powder by alcohol. The manganese 
salt is pah red, soluble in water, and deliquescent. All the salts can be preserved 
unaltered, but at KXC sulphur is separated, as also are sul])hurou8 acid and hydrogen 
sulphide. V. Lewes's compounds, when decomposed, do net produce hydrogen 
sulphide, and therefore they cannot be identical with those obtained by T. Curtiufe. 
W. Spring said that tetrathionic acid is formed in the reaction between sulphur 
dioxide and hydrogen disulphide and at the same time sulphur and hyposulphurous 
acid are formed. According to 6. Chancel and E. Diacon, tetrathionic acid is formed 
when lead dioxide is warmed with pentathionic acid : 4H2S506+5Pb02=5PbS40e 
j-iHoO ; and it is formed in the spontaneous decomposition of pentathionic acid. 

The aq. soln. of tetratliionic acid is colourless and without taste or smell. 
J. Thomsen gave for the heat of formation (4S,60,HoAq.)™273*32 Cals.; 
(48,50,Aq.)-204*96 Cals. ; (2802,0,28. Aq.)-62*82 Cals. ; (27802,0,82,Aq.)-47-42 
Cals. ; (2S202Aq.,0)—53*489 Cals.; and M. Berthelot gave (48,50,HgOAq.)=205-2 
(yals. J. Thomsen gave 27-07 Cals, for the heat of neutralization. W. Ostwald foimd 
the mol. conductivity for soln. with a mol of the acid in r litres of water at 25^ : 

V . 16 64 266 1024 4096 8192 

H . 166*4 174*0 181-6 186*1 188-6 187*2 

The result is said to be above the maximum characteristic of dibasic acids—pro¬ 
bably owing to decomposition, H. Hertlein gave for the eq. conductivity in mercury 
units at 25"": 

t» , 48-18 86-30 172-72 346-44 690-88 1381-76 

A . »61‘6 ' 371*3 380*2 390-0 4000 406-0 
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The acid had not a very high degree of purity, the ionization is 92 per cent., so that 
the acid is stronger than dithionic acid. I. M. Kolthoff said that tetrathionic acid 
is one of the strongest of the dibasic acids. M. Rudolphi calculated values for the 
degree of ionization on the assumption that the acid is monobasic. K. Jellinek 
found that the failure of the mass law prevented him calculating the ionization 
( onstants of this acid. H, Hertlein found that the transport number for the anion 
is 67*1 at 25^^. 

F, Calzolari said that tetrathionic acid, HO.SO 2 .S.S.SO 2 .OH, and persulphuric 
acid, HO.SOo.O.O.SOo.OH, possess a similar structure, and exhibit various analogies 
■^f}. the ttdrathionates furnish compounds with ammonia, pyridine, and hexa- 
nictliylenetetraTnine which are similar m external form, composition, and solubility 
with thr)se furnished by the persulphates. T. S. Price and D. F. Twiss also 
empiia^ized the relatiunsliip between the persulphates and tetraihionates. 
W. Petz.old found that the tetrathionates are the most stable of the polythionates 
when heated, and in aq. solii the tetrathionates slowly decompose into trithionate 
«iud suljihiir ; and there is a state of equilibrium between the trithionates and penta- 
thionates : SsOg'" f corresponding with the greater stability of the 

tetrathionates. C. J. Thatcher oliserved that the tetrathionates are reduced by 
hydrogen in neutral or alkaline soln , with or without the presence of platinum, 
forming thiosulphate. 

F. Forster and A. Hornig, and A. Kurtenacker and M. Kaiifmann studied the 
hydrolysis of trithionic acid {q e.), and of tetrathionic and pentatliionic acids. 
Vccording to H. Bassett and K G. Durrant, trithionic acid is always formed 
when tetrathionic and pentathiomc acids are hydrolyzed. This occurs by direct 
decomj)odtjon : i S, and HjSiOev^HaSsOe+S, and possibly 

I S^, or else by the intorv’-ention of sulphurous and thiosulphuric 
acids, which are products of the hydrolyses of trithionic acid: H 2 S 4 O 6 +H 2 SO 3 
Hl.SjOe I'H.SsOj; H 2 S 4 O 6 +H 2 B 2 O 3 ; and 

It is probable that the dcMompositions of tetrathionic and pentathiomc acids are 
bimolecular so that the reactions are symbolized: 2 H 2 B 50 (j^^ 2 H 2 S 4 ()(j-f-S 2 » and 
2 I{ 2 S 4 () 6 ;=^ 2 H 2 -^ 30 (j f The final }uoducts of the hydrolysis of trithionic, 
tetrathionic, and pentathiomc acids are sulphuric acid, sulphur dioxide, and sulphur 
with a small quantity of hydrogen sidphide in the intermediate stages as noted by 
F. Kessler. The hydrolyses ni alkaline soln. are symbolized by A. Kurtenacker 
and M. Kaufrnann: 21128306 i SHoO ^ HoS.Os + 4 H 2 SO 3 ; 2 H 2 S 4 O 6 + 3 H 2 O 

. n‘ 3 H 2 S 203 f 2 H 2 SO 3 ; and 2 H 2 S 5 O 6 (- 3 H 20 ^'=^H 2 S 203 . In the case of tetra- 
and penta-thionates, the tri- and tetra-thionates are formed to some extent as 
intermediate steps, and in ab^^ence of sufficient hydroxyl-ion cone, some hydrolysis 
of trithionate in the manner characteristic of acid conditions occurs, with consequent 
formation of sulphate. The equations just indicated are only summation equations. 
The hydrolysis of tetrathionic and pentathionic acids can be explained in a similar 
w’ay to that of trithionic acid The fact, observed by F. Raschig, that when 

pentathionate is treated with sodium carbonate it loses one atom of sulphur to form 
tetratliionate, not two atoms to form trithionate, suggests that in alkaline soln. 
the tetrathionate has the straight-chain structure, although it would seem to pass 
readily into the other form, 0 H.S 02 .S(S).S 02 . 0 H, since sulphite converts it into 
trithionate. Hydrolysis of the straight-chain form would yield one mol. of thio¬ 
sulphate and one mol. of thioperinonosulphuric acid, which would then give rise to 
thiosulphate and sulphite, as already indicated. Complete alkaline hydrolysis of 
te^athionate would thus take place in accordance with the equation: 2 H 2 S 4 O 6 
"f-oHoO— 3 H 2 S 2 O 3 + 2 H 2 SO 3 . The sulphur dropped by pentathionic acid : 
H 2 S 4 O 64 -S in forming tetrathionic acid suffices to convert a mol. of sulphite into 
thiosulphate, so that in this case complete alkaline hydrolysis yields nothing but 
thiosulphate : 2 H 2 B 50 q 4 ~ 3 H 20 ^ 5 H 2 B 203 . In the acid hydrolysis of pentathionic 
acid, if the hydroxyl group becomes attached to the central sulphur atom, as in 
the case of trithionic acid, the first step would furnish dithiodithionic acid * 
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H0.S02.S( : 82).S02.0H4 HoO II.SO^.OH+HO.SI: So),S02.0H (dithiodithionic 
add); this would be unstable and might break up inf/O sulphur and thiopermono- 
sulphuric acid which would then react as indicated in connection with trithionic 
acid. It is possible that HO S( S).S02.0H is formed as an intermediate compound 
by the acid hydrolvsi.'^ of the asyminetrh’al form of tetrathionic acid, 
H0.S02.S(.S).S02.0H ‘ 

A. Sander rei>resented the reaction with hydrogen dioxide : Na2S406-f 
h6Na0H~-lNa2SO4 ; and A. Longi and L. Bonavia found that the 

tetratliionates are immediately and com})ieteIy oxidized by sodium dioxide. 

G. Chancel and E. Diaeon observed that lead dioxide has no action on tetrathionic 
acid. Oxidizing agents like chlorine transform the acid into sulphate. H. Debus 
said that bromine water gradually added to a tetrathionate soln results in the 
separation of sulphur: K2S40e ) 2H20-fBr2^2KBr~f 2H2SO44 2 S ; the Bul]>liur 
dissolves in the licpiid during Btirring, forming penta- and hexa-thionates 
M. Berthelot gave for the heat of oxidation (Na28406.7Br2Aq.) - 271*0 Cals. The 
tetrathionates are oxidized by hypwhlorous acid. M. J. Fordos and A. Gelis, and 

H. Hertlein found that hydrochloric acid does not decompose the acid, }>ut niak(‘s 
it more stable ; but if the mixture be warmed, F. Kessler said that hydrogen 
sulphide is given off. G. S. Jamieson represented the reaction with iodates : 
2 l^a 2 S 40 o+ 7 KI 03 -MoHCl- 4 H 2804 -f 2 Na 2 S 04 + 2K28O4 -j 71(1 4 SKCl HoO. 
F. Calzolari represented the reaction with bromates: HBr03+H2S4()6 +31120 - HBr 
f 3^1080441128. The reaction vras also studied by F. Fischer and W. F. Tsehudin. 

According to H. Debus, sulphur, in statu nascendiy converts the tetrathionates 
into pentathionates, for instance, potassium tetrathionate in the pre.sence of sulphuric 
acid, IS converted by hydrogen sulphide into pentathionate. \\ Lewies found that 
thiosulphate is produced by the action of hydrogen sulphide on a soln. of ])Otassium 
tetrathionate : K2840e*l 3H28 “K282O34 3H2O4 58 , and this reduction is assumed 
to occur in two stages: K2840(j-1-H28-K282034‘H282()3y 8, and 11282034 2H2S 
OILOd-'bS. H. Debus found that when an aq. soln. of tetrathionic acid was 
treated repeatedly with hydrogen sulphide, sulphur and pentathionic add 
were f«)rmed : 112840(^4 5H28-'6H20and some of the sulphur uniting with 
the undecomposed tetrathionic acid forms pentathionic add ; ])ut if the treatment 
with hydrogen sulphide be continued long enough, only water and sulphur are 
formed. W. Petzold represented the reaction: 2 H’4 830<}"4-H28 - 282O;/' 
b 4 Il* j-S, Freshly precipitated lead sulphide ivas found by F. Kessler to react 
with tetrathionic acid, forming sulphur dioxide. G. Chancel and E. Diacon, and 
W. Smith and T. Takamatsu said that potassium sulphide reacts with a tetrathionate, 
forming tliiosulphate : K2S40e4“K2S=^2K2S2034-8. H. Debus found that tetra¬ 
thionic acid is reduced by sulphur dioxide, forming sulphur and tritluonic acid. The 
sulphur produces thiosulphuric acid which, instead of precipitating sulphur during 
standing or evaporation of the sulphuric acid, gives half its sulphur to the trithionic 
acid or the undecomposed tetrathionic acid so as to form tetrathionic and penta¬ 
thionic acids. W. Spring also observed that tetrathionates are reduced to 
trithionates by sulphur dioxide —vide infray the action of sulphur dioxide and 
sulphites on the pentathionic acid. W. Petzold, W. Feld, F. Overdick, and F. For¬ 
ster and K. Centner represented the reaction: S40/4“S0/^--8j.^O(i'M-S203". 

J. E. Mackenzie and H. Marshall found that a pure soln. of potassium tetrathionate 
decomposes only slowly, with the deposition of sulphur ; the deposition of sulphur 
takes place more rapidly if a small quantity of thiosulphate, or of sulphurous acid, 
is added to the soln., and still more rapidly if both substances are added. The 
explanation of this is to be found in the observations made by A. Colcfax, that 
sulphite removes sulphur from t<etrathionate with formation of thiosulphate and 
trithionate: M2S40c4-M2S03^M2S203+M2S306. In a soln. which, in addition 
to the above, contains free sulphurous acid, the action expressed in th<‘ following 
equation will take place : M2S2034 H2S03v-M2S034~H2S203. This is not a stable 
equilibrium, however, since the sulphite will take up mon^ sulphur from the tetra- 
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thiouate, and the thiosulphuric acid will d(‘com])oso with deposition of sulphur and 
regeneration of sulphurous acid. Tin* j^resence of thiosulphate and sulphurous acid 
together in the soln. will therefore greatly accelerate the deconiposition of the tetra- 
thionate in the direction of forming tritliionate and liberating sulphur. In view of 
this fact, it is evident that a slight exce ss of persulphate must be used in the prepara*^ 
tion of the tetrathionate. On the oilier hand, liy using an excess of thiosulphate 
a satisfactory yield of trithionate may b(‘ obtained. M. d. Fordos and A. Gelis, 
and H. Hertlein observed that sulphuric acid does not decompose tetratliionic 
acid, but rather makes it more stable. F. Raschig found that an acidified soln. of 
sodium thiosulphate converts the tetrathionates into pentathionates. According to 
A. Gutmann, hydro^lamine in acidic soln. oxidizes the sulphite residue in tetra- 
thionic acid to sulphuric acid, and is itself reduced to ammonia, H2S40e-hNIl2.0H 
+H2O---2H2S04+2S-f NH3. In alkaline soln., on the other hand, the loosely 
combined ox^^gen atom of the tetrathionate oxidizes hydroxylamiru* to nitrous 
or nitric acid, NaoS^Og+ 2NH2.OH4 3 NaOH - 2Na2S203-hNaN02+3H20+NH3. 
The reaction was studied by B. Jirgensons. According to M. J. Fordos and A. GtUis, 
nitric acid oxidizes tetrathionic acid to sulphuric acid with the separation of sulphur. 
A, Gutmann showed that in alkaline soln., sodium arsenite reacts with sodium 
tetrathionate : 3Na3As03 + Na2S406 f 2 NaOH- 2Na2S03 | 2Na3A8803-hNa3A804 
+H2O. The reaction was also discussed by T. 8. Price and D. F. Twiss, and by 
J. E. Mackenzie and H. Marshall —vide sujyra, polythionic acids. The reaction 
between tetrathionates and potassium cyanide in alkaline soln., unlike the case 
with dithionates, is symbolized: Na2S40e + 2 KCy + 2 NaOH-= 2 KCyS + Na2S04 
+Na2S03+H20. A. Kurtenacker gave Na2840« f 2 NaPy~f hLO^NaCyS 4-Xa2804 
+ 2 HCy 4 Na2S203. F. Ishikawa studied the kinetics of the reaction. A. Kurle- 
nacker and A. Fritsch added that the reaction proceeds primarily according 
to this equation with the formation of thiosulphate. In presence of excess of 
cyanide, the thiosulphate can react further, with formation of sulphite and thio¬ 
cyanate. This reaction, however, does not take jdace in dil. s /In. at the ordinary 
temp., and only slowly and incompletely at the b.p. It becomes quantitative m 
cone. soln. only after long heating. In alkaline soln. some sulphite, as v^ell as 
thiosulphate, is formed. F. Ishikawa found the velocity of the reaction : 
S/I/'-f Gy-t-H20~-CyS'4-8303" ^2H' m neutral soln. can be represented 
by dxjdi ~k2{ci'~~^x){h-s) be(ause the other reaction is instantaneous. Here 
a denotes the initial cone of tin* }>otassium cyanide ; h, that of the tetrathionate ; 
and z, the num’ner of moLs of tetrathionate which have been transformed at 
the time t. E. Weitz and F. Achterberg obtained salts with benzidine. 

W. Spring found that sodium amalgam converts ])ota 8 sium tetrathionate into the 
double thiosulphate : K2S40c-i 2Na=2NaKS203 ; and V. Lewes, that potassium 
amalgam forms thiosulphate and, if the soln. be strongly alkaline, jX)tmHium sul¬ 
phide. According to M. J. Fordos and A. Gelis, an excess of potassium hydrozido 
decomposes a tetrathionate into thiosulphate and sulphite, without the formation 
of sulphuric acid or sulphur ; 2K2S4O64 6 KOH+ 2K2S03-f3H20. 

Hence, as emphasized by K. M. C’hapin, when sodium tetrathionate, produced in 
iodine titrations, is allowed to remain in the presence of alkalies or alkaline salts, 
it is partly converted into sodium thiosulphate and sodium sulphite, thus intro¬ 
ducing the possibility of an error in the estimations. While M. J. Fordos and 
A. Gelis’s equation represents the reaction with dil. alkali-lye—say 15 percent, soln. 
of sodium, potassium, calcium, strontium, or barium hydroxide—A. Gutmann found 
that wdth cone. soln. (1:1), there is a side reaction: 3Na2S40ft+12Na0H 
=3Na2S203-f 5Na2S03 I Na2S+6H20, in which traces of sulphide, sulphite, and 
thiosulphate—but not sulphate—are formed. V. Lewes confirmed these con¬ 
clusions, but W. Smith and T. Takamatsu said that purified tetrathionic acid is not 
decomposed by the alkali-lye. C. J. Thateher represented the action of cold, diL 
alkali-lye at room temp, by \ 28305" fSHgO, and this is 

in agreement with the observations of A. Kurtenacker and M. Kaufmann. The 
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ecjuation just indicated is in agreement with the observations of E. H. Riesenfeld 
and G, W. Feld with boiling alkali-lye. M. Berthelot found that the formation of 
thiosulpbate and sulphite occurs with the evolution of heat; (\ J. Thatcher also 
observed that sodium tetrathionate is hydrolyzed in alkaline soln. forming thio¬ 
sulphate and trithionate. F. Kessler showed that a boiling soln of potash-lye 
converts tlie trithionate into thiosulphate, sulphite, and sulphide A. Gutmann 
said that the action with alkali carbonates is different from what it is with the 
hydroxides, since in addition to thiosulphate, sulphate is formed instead of sul¬ 
phite: 4Na2S406 f-5Na2(X)3 - 7Na2S203+2Na2^04+5002; or 4S4O5 “7S2O2 1 2SO3. 
F. Kaschig represented the reaction with sodium carbonate : 4Na2^4G6 
-=6Na2S20;H NaaSsOe-f Na2S044-4C02. F. Kessler said that soln. of the metal 
salts - cupric sulphate, mercurous nitrate, mercuric chloride, and sil ver nitrate - 
behave towards tetrathionic acid like they do towards pentathionic acid (</ r ), 
and when sat with ammonia, are not decomjiosed. Ammoniacal s(dn. of silver 
nitrate or mercuric cyanide give no precipitate. G. Chancel and E. Diacon, and 
E. H. Riesenfeld and G. W. Feld said that no copper sulphide is jirecipitated when 
a soln. of a tetrathionate is boiled with copper sulphate. A. Kurtenacker and 
A. Fritsch found that when a tetrathionate is boiled for half an hour with a soln. 
of copper sulphate, copper sulphide is precipitated: h)--vide 

Table XVlIl. W. Feld represented the reaction with mercuric chloride: 
Na2S4()<j-^2HgC}o-f-2H4) ~Na2S04-f 2Hgri j H2S04-1-2HC1 } 2S ; and A. Sander, 
2KoS40ef3HgCf2f-4n;0-Hg3S2Cl2+4KClf4H2S04+2S M. J. Fordoa and 
A. G-fdis said that aq. soln. of tetrathionic acid gives a white precipitate v ith stannous 
chloride. A. Gutmann found that sodium stannite reduces an alkaline soln. of 
tetrathionate to sodium sulphate, forming sodium metastannate and meta.sulpho- 
staunate. A. Longi and L. Bonavia found that the tetrathionates are oxidized 
slowly ill alkaline soln. by potassium per m a ngan ate. W. Wardlaw and 
J. D. Sylvester found that with tervalent molybdenum salts, sodium tetrathionate 
forms a brown jirecipitate, possibly with the intermediate formation of molijMennm 
tetrafinonatf. 

Tetrathionic acid is dibasic, forming salts, tetrathionates, ^12^^403. which are 
usually fairly soluble in wat-er, and are precipitated from aq. soln. by alcohol. 
H. Marshall jirepared ammonium tetrathionate, (NH4)2S40e, f"om barium 
thiosulphate and ammonium persulphate: (NH4)2S2034-2BaS203--2BaS04 
i (NH4)2S40^, and the reaction is attended by the development of much heat. 

E. Divers and M. Ogawa said that the action of heat is probably the same as it is 
with ammonium trithionate. J. A. (liristiansen obtained j)-toluoyI tetrathionate. 

F. Kessler prepared SOdium tetrathionate, Na2S406, by oxidizing the thiosulphate 
wnth neutral cu}>ric chloride ; E. Sonstad, with potassium iodale and hydrochloric 
acid ; and N. von Klobukfiff triturated a mixture of iodine and sodium thiosulphate 
with the smallest possible quantity of water. The syrupy liquid—feebly coloured 
by a slight excess of iodine- -was treated with alcohol, and the precipitated 
tetrathionate washed with alcohol. F. Kessler said that if tetrathionic acid be 
neutralized with sodium carbonate, or if lead tetrathionate be so treated, then, 
sodium sulphate, sulphur and sodium sulphate, and sulphite are formed by the 
decomposition of the tetrathionate. The heat of formation given by J. Thomsen, 
and M. Berthelot is 375*8 Gals. A. Villiers said that a dihydraie, Na2S403.2H20, 
is obtained from a cold alkaline soln, of scxiiiim thiosulphate and sulphur 
dioxide, M. Berthelot gave 9*52 CalS. for the heat of soln. at 10*5. F. Kessler, 
and H. Hertlein used the iodine process for preparing potassium tetrathionate, 

Kessler also obtained it as a precipitate by adding tetrathionic acid 
to an alcoholic soln. of potassium acetate. According to G, F. Rammelsberg, 
and A. Fock, the tabular crystals are monoclinic with the axial ratios a : h : c 
'^0*9285 : 1 :1-2642, and j8=78‘' 28'. H. Hertlein found that the sp. gr, 
2-2962-2*2065, and the mol. vol. 131*74; while for soln. containing 1*519, 3-725, 
7*142, and 13*187 per cent, of the salt, the sp. gr. are, respectively, 1*00950, 
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1 - 02341 , 1 - 04560 , and 1 - 08671 , and the mol. vol. 115 - 17 , 116 - 76 , 117 - 78 , and 119 - 47 . 
F. Martin and L. Metz gave 393 Cals. ; and J. Thomsen, 395-2 Cals, for the heat of 
formation ; and — 12-46 Cals, for the heat of soln. H. Hertlein gave for the sp. 
refraction 0*2625 with the /Li-formula, and 0-1543 with the /x 2 ~formula for aq, soln. 
at 20 ^ using Na-light. The corresponding values for the mol. refractions are 79 - 40 , 
and 46 - 68 . V. J. Sihvonen found maxima in the ultra-red reflection spectrum at 
8 - 6 /x, 10 *Ip,, 16 * 3 p, and 19 * 4 p. The properties of the salt have been indicated above. 
J. Meyer and H. Eggeling prepared rubidium tetrathionate, Rb2S40(j, by the action 
of iodine on the thiosuljhate. Ihe salt furnishes })yramidal crystals, which are 
not hygroscopic and are stable. They obtained caesium tetrathionate, C82S40e, 
in a similar way. 

G. Chancel and E. Diacon made cuprous tetrathionate, CU2S4OQ.WH2O, by the 
action of cupric sulphate on a soln. of liarium tetrathionate. It is decomposed in 
the cold, rapidly when heated, forming cupric sulphide and sulphuric acid. 

F. Kessler could not crystallize cupric tetrathionate, from its aq. soln. 

G. Chancel and E. Diacon said that it is not so liable to decompose as the cuprous 
salt. T. Curtins and F. Henkel neutralized Wackenroder’s licpiid with copper 
carbonate, added alcohol, and allowed the oily precipitate to crystallize. If 
Wackenroder’s liquid neutralized with cupric carbonate be mixed with an equal 
vol. of the untreated liquid and evaporated on the watf^-bath, copper sulphide 
separates out. The clear liquid on evaporation over sulphuric acid furnishes pale 
blue crystals of an acid salt. If the salt be dissolved in alcohol, and precipitated 
by ether, the salt tiu-ns yellow and has a com])osition like an acidic trithionate. 
The aq. soln. of the blue acid salt can be evaporated over sulphuric acid without 
decomposition, but the alcoholic soln. deposits copper sulphide. F. Calzolari 
prepared copper tetrapyridinotetrathionate, CuS40fi.4C5H5N, in fairly stable, dark 
blue, acicular c^^stals ; and G. T. Morgan and F. H. Burstall, copper bisethylene- 
diaminotetrathioziate, [On en.2]R40,3, in dark purple, rhombic prisms, ])y carefully 
concentrating and cooling an aq. soln. of 3-4 grips, of cupric chloride, 2*4 grms. of 
ethyienediamino, and 6-0 grms. of sodium tetrathionate ; the crystals are dried over 
calcium chloride. The well-defined, prismatic crystals of this complex tetrathionate 
are permanent in air, but on heating at 160 ^ they decompose with blackening. The 
aq. soln. is stable even on boiling; silver nitrate gives a white precijiitate wdiich 
darkens ra2)idly ; barium chloride has no effect, sodium hydroxide changes the 
colour from purph- to blue, and mineral acids discharge it. T. Gurtius and F, Henkel 
obtained what they regarded as an acid salt^— CUpric hydrotetrathionate, Cu(HS 40 e )2 

-in pale blue crystals. Although ammoniacal silver nitrate gives no precipitat-e 
with tetratliionic acid, M. J. Fordos and A. Gelis obtained a white precipitate wdth 
silver nitrate. It was thought to be silver tetrathionate, hni it became yellow in a 
few seconds, and then turned black. 


F Kessler prepared strontium tetrathionate, Sr840«.6H20, by the methods 
used for the barium salt, but it is less well precipitated by alcohol from its aq. soln. 
Ihe aq. soln on evaporation furnishes thin prismatic crystals although much of the 
^ into strontium sulphate, sulphur, and sulphur dioxide. 

K. Fortiilo also found that the hexahydrate, precipitated by a mixture of alcohol 
and ether, IS stable in air, bui in vacuo it loses 4H2O, and esMcially at 40° to 60°. 
f fv occurs with decomposition at 70°. The sp. gr. 

ot the hexa- and di-hydrates arc respectively 2-148 and 2-480 at 25°/4°. The mol 
vol. of the water of crystallization is 13-8. The solubility of the strontium salt is 

IJtht Th 1 f respectively 20, 26^3, and 39 per cent, by 

weight The mol heat of soln. ,1. 1000 mols. of water at 17° is -11-6 Cals. 

1 bariam tetrathionate, BaS40e.2Hs0. as 

apptnt f n^nve. . Keeler obtained it by adding an eq. quantity of barium 
acetate ^ an aq. soln. of the acid, and precipitated the salt with alcohol T. Onrtius 
and E. Henlel obtained it from Wackenroder’s liquid as indicated above ; so did 
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V. Lewefl; while H. Marshall treated barium thiosulphate with a persulphate. 
The clear, colourless crystals of the salt are dihydrated—only V. Lewes regarded 
them as trihydra ted. E. Mathieu-Plessy said that only one mol. of water is retained 
by the salt in vacuo. T. Curtius and F. Henkel added that the salt decomposes at 
lOO^-llO"^; and M. J. Fordos and A. Gelis, that when heated it decomposes into 
water, sulphur, sulphur dioxide, and barium sulphate. T. Curtius and F. Henkel 
found that the salt is freely soluble in water, but almost insoluble in alcohol—even 
when boiling. Small quantities of the soln. can be rapidly heated to a point where 
on cooling they furnish a crystalline mass, whereas with a slower heating the salt 
decomposes. If the salt is contaminated with thiosulphate it gives a yellow or black 
precipitate with silver nitrate. The salt can be freed from thiosulphate by dis¬ 
solution in a little water--in which the tliiosulphate does not dissolve—and pre¬ 
cipitation of the tetrathionate by alcohol. R. Portillo saw that the dihydrate is 
rather stable in air ; for it does not lose water at 40 ° to 50 °, but it decomposes 
above this temp. Aq. soln. are unstable whilst alcoholic soln. are stable at ordinary 
temp. The sp. gr. is 2*777 at 25 °/ 4 ° ; and the percentage solubilities at 0°, 12 * 8 °, 
and 27 * 5 ° are respectively 26 * 5 , 29 * 8 , and 36 . The heat of soln. at 17 ° in 800 
mols. of water is - 7 cals.* F. Cakolari prepared magnesium bishexamethylene- 
tetraminotetrathionate, MgS4O6.2CflH12N4.8H2O, in colourless, transparent prisms, 
stable in air, soluble in water. M, J. Fordos and A. Gelis obtained 2 dnc teti^thio- 
nate, ZnS40fl, only in aq. soln. It was also made by F. Ephraim and E. Bolle, 
who said that zinc triamminotetrathionate* ZnS406.3NH3, is formed by the 
action of ammonia when in soln., and when dry, the salt has the com¬ 
position zinc pentamminotetrathionate, ZnS406.5NH3. F. Calzolari prepared 
zinc tetramniinotetrathionate, ZnS40fl.4NH3, in transparent, colourless crystals; 
also zinc tetrapyriduiotetrathionate, ZnS406.4C5H5N, in colourless, prismatic 
cr\ stals; and likewise also cadmium tetrapyridinotetothionate, CdS406.4C5H5N. 
T. Curtius and F. Henkel prepared the acid zinc salt, zinc bydrotetrathionate^ 
Zii(HS406)j, as in the case of the copper salt. The evaporation of the aq. 
Holn. furnishes aggregates of small needles, which decompose at 10()°. The 
crystals are hygroscopic ; they readily dissolve in water and in alcohol. The 
(‘onc , a(|. soln. forms sulphur when treated with alkali-lye in the cold. The salt 
is <l(»coinposi*d by mineral acids. P. Kessler obtained cadmium tetrathionate» 
C’dS406, as a deliquescent mass of crystals from a mixed soln. of lead tetrathionate 
and cadmium sulphate. M, J. Fordos and A. G 61 is, and F. Kessler obtained lead 
tetrathionate, PbS406, from a soln. of lead thiosulphate and iodine; G. Chancel 
and E. Diacon, by adding sulphuric acid to water with a mixture of lead thio¬ 
sulphate and dioxide in suspension—^A. Chwala and H. CoUe employed a 
somewhat similar process; G. Chancel and E. Diacon, by the action of lead 
dioxide on a soln. of pentathionic acid ; and F. Kessler^ by the action of a 
soln. of lead acetate on a cone. soln. of t/ctrathionic acid, followed by the 
addition of alcohol. The salt appears in tabular crystals; the evaporation 
of the aq. soln. in vacuo is attended by the decomposition of some of the salt 
into sulphur, and lead sulphate and thiosulphate. A. and P. Lumi^re and 
A. Seyewetz found that the soln. in sodium thiosulphate is unstable. W. Ward- 
law and N. D. Sylvester obtained evidence of the temporary formation of 
molybdenum tetra^onate by the action of sodium tetrathionate on a soln. of 
tervalent molybdenum in 3iV-H2S04. T. Curtius and F. Henkel juepared 
manpnese hydrotetrathionate, Mn(H840e)2, by the method employed for the 
cupric salt (j.t;.). The aggregates of acicular and tabular crystals are rose-red in 
colour, and, according to T. Curtius, they can be preserved without change, 
but decompose at 100° with the formation of sulphur dioxide, hydrogen sulphide, 
and sulphur. F. Kessler prepared nickel tetrathionate, NiS406, as in the case of 
the cadmium salt. F. Calzolari prepared nickel henmniinotetrathionate, 
Ni8406.6HN3, in minute, lilac crystals; nickel tetrapyridinotetrathionate, 
NiS406.4C6H5N, in blue acicular crystals; cobalt tetrap3rridinotetrathioxiate, 
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C0S4O6.4C5H5N, in \io)et-red, microscopic needles; nickel bishezamethylene- 
diaminotetothionate, NiS40(j.2C(jHioN4.8Hjj0, in pale green, transparent prisms ; 
and cobalt bishexamethylenediaminetetratiiionate, CoS4O6.2CeH12N4.8H2O, in red 
prisms, stable in air and soluble in water. C. Perrier studied tlie crystals of nickel 
bishexamethylenediaminotetratbionate. 
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^ 44 . Pentathionic Acid and the Pentathionates 

In 18 IG, li. W. ¥. Wackorimder,^ in bis memoir: fVber eine 7 ieuc Sdurr rhs 
Sc/ifve/els, (lescribed the probable formation of pentathionic add, 112856(5, as a 
produet of the action of hvdrogen sul])iiide on 8ul})hurous acid. The resulting 
liquid, afterwards known as Warhenrode¥fi liquid (q.r.)y Ls really sulphurous acid 
Hiiturat(‘d with hydrog(‘n sulphide. H. \V. F. Wackeriroder then placed ])lates 
of polished ('opper in tlie liquid, and renewed them from time to time until th(‘y 
were no longer blackened, but retained their polished surface after some hours’ 
immersion in the Injuki. The soln. was then sn])y>osed to be an aq. soln. of ptmta- 
thionic acid formed l^y th(‘ i(*actions bSOo t - 112856(5-1- 4 HoO The dil. 

‘^oln. of the aeid so obtained is clear, colourless, and without smell. F. Kessler 
])repared p<‘n1athioni( acid by saturating sulphurous acid with hydrogen suly)hide ; 
dig<‘sting liie filtered liquid witli fn^shly prej^ared barium carbonate to remove the 
sulphuric acid, and evaporating the filtered liquid on a water-bath to a sp. gr. 
T 25 or F. Kt‘ssliT said that the acid liquid can be evay)orated in vacuo to 

a sp. gr. l‘G at 22 " , and H. . F. Wackenroder said that it can be con(‘entrated 
to a sp. gr. I *37 without decomjioMtion. 11 . Debus added that the soln. so prepared 
IS really a ini\tun‘ of polythionic acids. Tf a soln. of pentathionic acid alone is 
required, it can b(‘ obtaiiu'd by treating yiotassium pentathionate with tartaric 
acid, and after a couple of days filtering off tlie potassium tartrate. The soln. will 
contain a little taitaric acid. 

Ch Jiudvvig obtained jientathionic acid by the action of sulyjhurous acid on 
li)(lrogen persulphide , and 11. Kisler-Beunat, by the action of zinc on suljihurous 
acid. It is pos^'ible th«it iii the latter (‘ase there is some confusion with 
liyposul}thurous arid (</.e.). 6. Fhancel and E. Diacun, and G. Vortmann observed 

that pentathionic acid formed when thiosuljihates are decomposed by acids ; 
F. Raschig, by tlie action of an acidified soln. of thiosulydiate on tetrathionates; 
.1. Persoz, wIhui lead thiosulyiliate is decomposed by hydrogen sulphide ; W. Smith 
and T. Takamatsu, ^vlien lead thiosulphate is decomposed by hydriodic acid and 
iodine; j 2 H 1 . 2I2 i 3Pbl2 t S63 —W. Spring said that this 

reaction furnished not ]»entathionic acid, but a mixture of sulphur, tetrathionic acid, 
.sul])]uiric acid, and suljihur dioxide. T. Salzer found that jientathionic acid is 
formed by adding potassium selenite to a soln. of sodium thiosulyihate, and treating 
the }iroduct witii an excess of hydrochloric acid. G. Vortmann observed yienta- 
thionic acid among the ])roducts of the action of arsenic acid on sodium thiosulphate. 
W. Pet/.old observed that in acidic soln., thiosulphates polymerize to pentathionates 
08263''^l(>}r-^2S5G(5''+4H‘-l-3H20. H. Bassett and R. G. Durrant found 
that when cojiper chloride, sulphate or nitrate, is treated with excess of sodium 
thiosulphate in ]>re.sence of any mineral acid, there is evidence to sliov that peuta- 
thionic acid is produced and remains in soln. after cuprous sulphide and excess of 
sulphur have been thrown out by boiling. This must be due to interaction between 
sodium t(*trathionate, .sodium thiosulphate, and the mineral acid: Na2846(5 
*fNa28263^ 4 HA'--112856(5 f4NaA'-)-H26+S62. When vapours of water and 
sulphur are passed through a red-hot tube, El. Gripon observ'ed that some penta¬ 
thionic acid is formed ; and J. Myers, when steam is yjassed over molten suljihur ; 
and T. Brugnatt'lli and P. Pelloggio found that when suIjAur oxidizes in the jiresencc 
of air and moisture sulphuric acid is first formed, and afterwards pentathionic acid— 
vide mpray sulphur. M. J. Fordos and A. Gidis, and E. Mathieu-Plessy said 
pentathionic acid is formed when water acts on sulphur mono- or di-chloride : 
5S2CI2+6H2O 58 \ 101101+1128565. H. Debus showed that a mixture of tri-, 
tetra-, and penta-thionic acid is formed— vide supra, trithionic acid. J. S. Maclauriii 
found 0*024 per cent, of pentathionic acid in the water from a lake on the summit of 
a volcano on White Island, New Zealand, and added that it may have been missed 
in many analyses because no special search was made for it. 

The salts of y>entathiomc acid are not so easily y>repared. H. W. F. Wacken- 
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roder could not prepare them by neutralizing pentathionic acid with strong bases, 
because the acid is decomposed by that treatment; and F. Kessler obtained only 
a mixture of tetrathionate and sulphur in this way. C. Ludwig divided Wacken- 
roder’s liquid into two equal parts, neutralized one part with potassium carbonate, 
and mixed it with the other part. The evaporation of the liquid gave what was 
regarded as a mixture of penta- and tetra-thionates. According to G. A. Lenoir, 
crystals of barium pentathionate are produced from the liquid obtained by treating 
Wackenroder^s liquid with barium carbonate by treating it with alcohol, or, accord¬ 
ing to M. J. Fordos and A. Gelis, with alcoholic ether; but T. Curtins said that 
if pentathionic acid be neutralized with barium carbonate, and the liquid poured 
into alcohol, barium tetrathionate is formed; BaC03+H2S50e=BaS40o+S 
-fH20+C02. H. Debus said that the product obtained by G. A. Lenoir’s process 
from Wackenroder’s liquid varies in composition wdth the quantity and con¬ 
centration of the alcoholic soln. As indicated below, pentatliionic acid is decom¬ 
posed by an excess of alkali-lye. 

As a result of these difficulties in preparing the pentathionates, W. S])ring was 
led to question the existence of pentathionic acid as a chemical individual. He 
regarded what was considered to be pentathionic acid as a soln. of sulx)hur in tetra- 
thionic acid. W. Smith and T. Takamatsu, and V. Lewes tried to demonstrate the 
existence of pentathionic acid in Wackcnroder’s liquid, by treating it wnth mercuric 
cyanide, H2S50(j-fHgCy2+2H20~-=2H2S04+HgS-f 2 HCy + 2 S, and finding the 
proportions of sulphuric acid, mercuric sulphide, and sulphur in the product. They 
found the molar ratio 2 : 1 : 2 ; tctrathionic acid would give a ratio 2 : 1 : 1 . As 
H. Debus emphasized, this does not demonstrate the existton of pentathionic acid. 
Tliis was done when V. Lewes prepared and analyzed the solid pota'^sium penta¬ 
thionate. V. Lewes added to a portion (»f Wackenroder's liquid about half the 
quantity of potassium hydroxide required for complete neutralization ; sulphur 
was precipitated during the operation, and the filtrate on s])untane()Uri evaporation, 
furnished as a first crop crystals of potassium tetrathionate ; this w'as followed by 
crystals of hydrated potassium pentathionate, which were purified by recrystalliza¬ 
tion from water acidified with sulphuric acid, which hinders the decomposition which 
occurs when water alone is employed as solvent. If baryta-water be used, the first 
crop of crystals consists of barium tetrathionate ; there follows a mixture of tetra- 
and penta-thionates; and finally the pentathionate. This was confirmed by 
S. Shaw; although W. Spring maintained that V. Lewes’s crystals were impure. 
H. Debus avoided the decomposition of the acid by free bases by neutralizing 
Wackenroder’s liquid with acetates. This process is as follows : 

Forty-three c.c. of Wackenroder’s liquid of sp. gr. 1-343 containing about 24 grms. of 
pentathionic ewsid were mixed with 16*6 grmB. of potassium acetate dissolved in the smallest 
quantity of water and acidulated with a few drops of acetic acid. A current of air was 
passed over the surface of the liquid, and in 24 hrs., 26 grms. of a white, crystalline residue 
were obtained. This was pressed between bibulous paper, and dissolved in 60 c.c. of water 
acidulated with one c.c. of sulphuric acid at 40®. The liitered liquid was allowed to 
evaporate spontaneously, and it furnished 18 grms. of a mixture of potassium tetra and 
penta-thionatee— 5*76 grms. of potassiiun pentathionate were picked from the mixture. 
Tto and the residue were separately recrystaUized from water acidulated with sulphuric 
acid— 2*25 grms. of water and 0*02 grm. of acid were used for each gram of salt. The 
crystals of pentathionate were separated by liand-picking. In this way a yield of 6 grms. 
of potassium pentathionate and 6*35 grms. of the tetrathioziate were obtained of a high 
degree of punty. The pentathionates of other metcds were produced by adding their 
achates to Waokenroder’s liquid in a similar mcmner. 

A. Fock and K. Kliiss employed a similar process. F. Raschig obtained the 
acid by the action of hydrochloric acid (200 c.c. of acid of sp. gr. 1*18) at —W 
on an aq. soln. of sodium thiosulphate (125 grms. of crystals with 150 c.c. of water) 
at —10'^, and 2*5 grms. of ai^nic trioxide dis^lved in the smallest possible quantity 
of sodium hydroxide. Sodium pentathionate gradually separates on concentrating 
the filtrate at 35°. The filtrate still contains 12 per cent, of sodium pentathionate 
and 60 per cent, of pentathionic acid free from tri- or tetra*thionio acids, and it 
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caa be kept 2 months with scarcely any change. The presence of arsenic, antimony, 
or tin salts prevents the separation of sulphur on acidifying soln. of sodium thio¬ 
sulphate : Na 2 S 208 -f* 2 HCl--> 2 NaCl-f-S 02 + 8 ; and with sodium hydroarsenite 
instead of 88 per cent., only 13 per cent, was so reduced, while 85 to 90 per cent, 
of pentathionate was formed. It was assumed that in forming pentathionic acid 
from sodium thiosulphate, the latter furnishes the group S : SO 2 which polymerizes 
to SxoOio» so that the dipentatliionate, H 4 S]oOi 2 , is supposed to be formed as an 
intermediate compound —vide sufra^ polythionic acid. F. Raschig prepared the 
}>ota 88 ium salt in an analogous way. H. Hertlein separated the alkali tetra- and 
penta-thionates by treating the crystalline product with a mixture of xylene and 
]>romoform of sp. gr. 2 * 2 —the tetrathionate sinks while the pentathionate floats. 

Pentathionic acid is known only in aq. soln., and pentathionic anhydride, S5O5, 
has not been prepared. The aq. soln. is colourless, free from smell, and has a strongly 
acid and bitter taste. The soln., said H. W. F. Wackenroder, can be preserved 
unchanged at ordinary temp., although, according to M. J. Fordos and A. Gelis, 
it gradually decomposes into tetra- and tri-thionic acids and sulphur. The presence 
of acids makes it more stable. When the cone. aq. soln. is boiled, H. W. F. Wacken¬ 
roder found that the aq. soln. decomposes into hydrogen sulphide and sulphurou.s 
and sulphuric acids ; and F. Kessler added that only,the cone, acid soln. gives ofl 
sulphur dioxide when boiled. For the hydrolysis of pentathionic acid, vide supra, 
tetrathionic acid. According to W. Petzold, the pentathionates decompose when 
heated, forming tetrathionate and sulphur; and a similar decomposition occurs in 
aq. soln. There is also a state of equilibrium: S 506 "+ 2 S 203 '^^ 2 S 40 (|"+ 8 . H. Debus 
found that the pentathionates are easily soluble in water, but insoluble in alcohol. 
The aq. soln. decomposes on keeping with the separation of sulphur. Hydrochloric 
and sulphuric acids retard the decomposition of the aq. soln., and acetic acid favours 
it. A 10 per cent. soln. of potassium pentathionate can be boiled for a long time 
without decomposition, but hydrogen sulphide is formed and some sulphur deposited. 
A. Gutmann said that a boiling aq. soln. of sodium tetrathionate forms sodium 
sulphate, sulphur dioxide, and sulphur, not trithionate and sulphur as stated by 
F. Kessler. W. Smith, and H. Debus noticed that while pentathionic acid is fairly 
stable, the salts are unstable. E. H. Riesenfeld and G. W. Feld attempted to 
explain this by inventing “ the hydrate of 80 theory which is supposed to be 
stable, and to polymerize to produce pentathionic acid. H. Debus assumed an 
analogous S 2 O 2 , where 68202 = 28505 , and H 2 O+S 5 O 5 ™H 2 S 5 O 0 . H. Bassett 
and R. 6 , Durrant assume that the molecule of pentathionic acid is stable while the 
})entathionic-anion is unstable; and that the salts are unstable because they 
tend to ionize under conditions in which the acid does not ionize. They added that 
any reagent that develops alkalinity immediately precipitates sulphur from 
pentathionic acid (salt formation). Soln. containing pentathionic acid in a slight 
excess of mineral acid slowly decompose in the cold with formation of sulphuric 
acid, deposition of sulphur, and evolution of sulphur dioxide, but in fairly cone, 
mineral acid the soln, may be boiled for several hours without separation of sulphur. 
According to F. Kessler, aq. soln. with 32-1, 41*7, 56*0, and 59*7 per cent. S 5 O 5 have 
a ap. gr. D233, 1-320, 1-474, and 1-606 respectively. H. Debus said that these 
numbers are only approximate. J, Thomsen gave for the heat of formation 
(5S,50,Aq.)=133-ll Cals., and M. Berthelot, 215*8 Cals. H. Hertlein gave for 
the transport number, IS 5 O 5 , 61*4 at 25®, 

H. W. F. Wacken]^ 6 r found that chlorine and hypochlorons acid oxidize 
pentathionic acid to sulphuric acid; and M. J, Fordos and A. G61is gave 
Ba 850 e-f 10 HgO+ 10 Cl 2 ==BaS 04 -f 4 S 08 + 20 HCl. F. Kessler added that when 
chlorine is passed into the liquid, some hydrogen sulphide is given off, and sulphur 
deposited; while boiling hydStochlorio a(nd liberates some hydrogen sulphide. The 
preserving action of hydrochloric acid has been already indicated. H. Debus 
observed no perceptible change when hydrochloric acid is added to a soln. of potas¬ 
sium pentatUonate. M. Berthelot said that bfomilie oxidizes pentathionates to 
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sulpliates, and the heat developed (K2S5O(j,10Br2acj.) ” 302*6 Cals. H. Debus 
found that bromine removes two atoms of sulphur from pentathionates, and 
that an iodine s(dn. is decolorized by ])eiitathionic acid in 24 hrs. F. Raschig 
observed that a mixture of potassium chlorate and hydrochloric acid oxidizes 
pentathiouic acid to sulphuric acid. According to H. W. F. Wackenroder, hydrogen 
sulphide does not decompose the acid, but G. Chancel and E. Diacon observed that 
the acid is decomposed with tlie separation of sulphur ; and H. Debus showed that 
by repeated treatment with hydrogen sulphide, the acid can be completely decom¬ 
posed : bH2S“6H«0 bios ; and a soln. of potassium pentathionate 

decomposes as indicated by the efpiation : 4-3H2S=:K2S203+2K2S30e 

+ 31120 + 108 . W. Petzoid represented the reaction: 2H‘+S50g''-f-H2S 

—2S2O3'' bill’ f 28 . H. W F. Wackenroder said that the sulphur dioxide 
decompos(‘s a cone soln. of the acid ; and H. Debus showed that an excess of 
sulphur dioxide transforms a portion of a soln. of the acid into tetra- or tri-thionic 
acid, and part remains undecomposed, whjle pentathionates are completely trans¬ 
formed into trithionates and thiosulphates ; with neutral soln. of SUlphitOS some 
sulphur dioxidi* is givaui off, and sulphur dt‘posited. The reaction was studied by 
W. Feld, and F. Overdick. According to F. Forster and K. Cimtner, the action 
of sulphit(^s on tetrathionates and pentathionates, with the sulphite in slight excess, 
are cora]>lete reactions : 8505"+S03''-->S40^^+8203^, in which the velocity constant 
A = 0*233 with time in minutes and concentration in miUimols; and 84bg'^+803'' 
■^83^6"^+S2O3", Hi which the velocity constant i^--- 0 * 0103 . If the eq. proportions 


are present, reactions are lialanced ones : S50g"+803+^S40Q"+8203''', and 
S4O0'^-}-SO/+-^8,5O+482O3'', in which the right-side reactants are dominant; 
and there is also involved the equilibrium 28403+-^S^Og^'+SsOg^ which is cata¬ 
lyzed by the 8203bions. With hvdrosulphites, the equilibria 8503"+H8O3' 
and S4O3" -f-llSOa'^SaOe" + S2O3" + H', are only slowl’y 
attained. At the beginning of the reaction with hydrosnlphites the*velocity 
constants at 0’ arc about the same as with the sulphites ; and for the same 
polythionates, the velocity at tin* Ix^guining of the reaction with the hydrosnlphites 
is to that with the sulphites in the ratio of the rone, of the SOs"'- and HSOsbions 
in the state of equilibrium : HS03b^H*+803". Hence, it is inferred that in a 
soln. of hydrosulphite, only the contained SOa'^-ions are active. There is also 


the secondary reaction S303"'+H20 = S04^'+S20/_p2H’. The equilibrium with 
hydrosulphitc and pentathionate is more rapidly attained than it is with 
tetrathionate, and with not too great an excess of hydrosulphite ; the decom* 
position of the tetrathionate into thiosulphate occurs as a consecutive reaction 
after the equilibrium is attained. The pentathionate produced by the action 
of H -ions on S203'^-ions can therefore be more rapidly converted to tetrathionate 
by hydrosulphite. The trithionatc can also be formed by the action of the 
hydrosulphitc: S2O3" + 4HSO3'+ 2H‘-^2S303'^ + SHgO. The thiosxilphate is 
also broken down by the reactions symbolized: S203'^+H*->HS03+S; and 
S 203 "+ 2 HS 03 ~> 2 S 04 ''+ 28 +H 20 , where the trithionate ions act as a catalyst. 
W. Petzoid represented the reaction: S5O3''+2803^8303'^+28203^; and 
F. Forster and K.^Centner, S503''+S03"^^S40e''+S203'', and with tetrathionates, 
S403''+S03''^^83()3''+S203‘'. If, howcvcr, a slight excess of sulphite is present, 
both reactions are completed to the right in accordance with the ordinary bimolecular 
law, the speed of the former reaction being much greater than that of the latter. 
When a hydrosulphite acts on a pentathionate and tetrathionate, the equilibria 
860 / + HS03VS403" + S20/ + H' and S4O3" + HSOg'^SgOg + + H‘ are 

slowly established, the reactions probably being brought about entirely by the 
sulphite ions present in the hydrosulphitc soln. The second equilibrium is disturbed 
by the decomposition of the trithionate, according to the equation ^Oe'+HgO 
+81^ + 2H , and by its re-formation from hydrosulphite and thiosulphate, 
+4HSO3 +2H :==2S803'^+3H20. As a result of these reactions, the 
hydrogen-ion cone, increases until sulphur is deposited by the reaction 
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S203''+H‘*^HS03'4-S. Finally, a stationary state is reached, and sulphate and 
free sulphur are formed from thiosulphate and sulphite, corresponding with tlic 
equation S203''-f-2HS03' - 2S0/+2S4'H20. Since a hydroaulphite and free 
sulphur can be obtained from thiosulphate by the action of acids, thiosulphate 
itself can, under suitable conditions of acidity, be converted into sulphate and 
sulphur. A, Kurtenacker and M. Kaufmann said that trithionates do not react wit h 
pentathionates to form tetrathionates: 8300'^+8503'^=28403, even in acidic soln., 
but trithionates and their decomposition products accelerate the decomposition of 
pentathionate to tetrathionate and sulphur. The preserving action of dil. sulphuric 
acid has been just indicated. H. Debus found that ammonia after a few minutes 
makes pentathionic acid turbid, pro})ably owing to the separation of sulphur ; 
H. Debus, and F. Kessler noticed that if ammonia be added to a soln. of a penta¬ 
thionate, and then hydrogen sulphide, there is a copious deposit of sul])hur. 
H. W. F. Wackenroder said that nitric acid oxidizes the acid to sul})bate ; while 
phosphine does not decompose the acid. E. Wertz and F. Acht^erberg obtained 
some benzidine salts. 

H. W. F. Wackenroder obser^^ed that the acid exerts no action on polished 
strips of copper, l)ut when boiled with copper, pentathionic acid decom]>oses, forming 
sulphur dioxide, sulphuric acid, and copper sulphide ; and when boiled with iron, 
hydrogen sulphide is evolved and ferrous sulphate and thiosulphate are formed. 
H. Debus said that plates of copper or silver are blackened by a soln. of potassium 
jientathionate. V. Lewes observed that with potassium amalgam pentathionates 
are reduced to tetrathionate, then to thiosulphates, and finally to hydrogen 
sulphide. H, Debus showed that when shaken with platinum black, a soln. of 
]jentathionate becomes acidic owing to the formation of sulphuric acid, but no 
sulphur is deposited. 

According to M. J. Fordos and A. Gelis, and M. Berthelot, an excess of alkali 
hydroxide immediately decomposes pentathionic acid: 2K2S5C)e+6KOH 
=5X08203+31120 ; J. Stingl and T. Morawsky said that alka li carbonates or 
hydroxides, or the alkaline earth hydroxides or carbonates, in the cold, decompose 
pentathionic acid, forming tetrathionic acid, and if heated, trithionic acid and 
sul})hur are formed. W. Smith and T. Takamatsu also noticed that when exactly 
neutralized with potassium hydroxide, pentathionic acid forms tetrathionate and 
sulphur; and with more alkali hydroxide, sulphur, sulphite, and thiosulphate are 
formed: 2H2S5Oe+10KOH=3S+3K28O3+2K2S2O3+7H2O. T. Curtius also 
found that baryta-water, or freshly precipitated barium car])onate, con¬ 
verts pentathionic acid into tetrathionate and sulphur: H2S503+BaC03 
= Ba8403+S+H20+002. V. Lewes represented the reaction with pentathionates 
and alkali-lye in excess: 2K2S50e+6K0H-“3K28203-f 2K2SO3+3H0O+2S. 
W. Smith and T. Takamatsu employed an equation analogous to that indicated 
above for the acid. V. Lewes said that when a pentathionate is warmed with 
alkali hydroxide, sulphur and trithionate are formed, and when boiled, thiosulphate 
is produced: 2K2S50e+6K0H=5K2S203+3H20. This is also in agreement 
with the observations of E. H. Riesenfeld and G. W. Feld. A, Kurtenacker and 
M. Kauf mann said that the primary reaction with cold, dil, alkali-lye is: 

8403""; and the tetrathionate then decomposCvS: 2S406''+<50H' 

=- 38203"4 2S03"+3H20, and 2S03'+2S40o"=2S306+2S2034 that is, according 
to 48403'^+6()H'=58203''+2S303'^*+3H20. The sulphur which redissolves 
may react with some of the sulphite: S+S03'^=S203^, or more probably 

with an excess of alkali, 4S+60H'=2S''+S203'"+3H20 ; and the sulphide then 
reacts with the trithionate: 8303+8=28203; so that the resultant reaction is 
28503''+ 60 H'~-- 5S208"+3H20. Boiling, cone, alkali-lye decomposes penta¬ 
thionates, forming sulphides. F. Rasclug said that under suitable conditions one 
atom of sulphur separates from the pentathionates on treatment with sodium car- 
boiiat 0 » and the reaction K2S503->K2S403+S is quantitative. A. Kurtenacker and 
A. 05 ?frnotzky, however, found that tlie reaction goes far beyond this stage in dil. soln. 
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According to H. W. F. Wackenroder, cupric sulphate when boiled for some 
<line with pentathionic acid gives a brown precipitate ; while H. Debus said that 
cupric chloride, acetate, and sulphate cause no change with soln. of potassium 
{leiitathionate. F. Kessler, and H. W. F. Wackenroder observed that silver nitrate 
nives a yellow precipitate which soon turns black; and F. Kessler said that an 
ammoniacal soln. of silver nitrate gives with a soln. of pentathionate first a brown 
precipitate and this passes into black silver sulphide. H, Debus added that this 
reaction is not produced by a soln. of tri- or tetra-thionate, thiosulphate, or sulphite, 
for an ammoniacal soln. of silver nitrate seems to have no effect on these salts. 
Consequently, a pentathionate, even if present in very small quantity, can be 
detected in a mixture of potnssiinn tri- and tetra-thionates and sodium, potassium, 
and ammonium thiosulphates. A soln. of barium chloride, or zinc sulphate, causes 
no \ 4 sible change in a soln. of ])otassium pentathionate. H. W. F. Wackenroder, 
and F. Kessler said that with ])entathionic acid, mercUTOUS nitrate gives a yellow* 
y>rccipitate which when exposed to light or boiled becomes black ; with an excess of 
the mercury salt, the precipitate is white and remains white; while mercuric 
nitrate, chloride, or csranide gives a white or yellow precipitate which gradually 
l)lackens in the cold, and rapidly when heated. F. Kessler, and H. Debus said that 
an ammoniacal soln. of mercuric cyanide produces a black precipitati^ with potassium 
pentathionate—gradually in the cold, rapidly at 100"^. H. Debus observed that 
mercuric cyanide removes two atoms of sulphur from pentathionates, and A. Sander, 
that mercuric chloride acts similarly. E. H. Riesenfeld and G. W. Feld represented 
the reaction: 2S60e"H-2Hg'+4:H20=2HgS+4iS04^+ 8H’-f 4 S. All the polythionic 
acids are decomposed by a mercuric salt in neutral soln. H. W. F. Wackenroder 
found that stannous chloride with pentathionic acid gives a white precipitate which 
gradually turns yellow; and F. K'‘ssl(‘f said that with pentathionates, stannous 
chloride gives a chocolate precipitate. U. Debus observed no visible change onadding 
soln. of lead nitrate or acetate, ferric chloride, or cobalt nitrate to a soln. of 
potassium pentathionate; a soln. of potassium permanganate gives a coffee-brown 
precipitate. F. Raschig said that pentathionic acid is slowdy oxidked by an acidic 
soln, of potassium permanganate. M J. Fordos and A. Gelis said that in acidic soln. 
potassium permanganate is reduced by barium pentathionate —vide Table XVllI. 
J. J. P, Valeton said that the ordinary tests employed to distinguish pentathionic 
acid from the other polythionic acids—the action of strong bases, ammonia, 
ammoniacal mercuric cyanide, ammoniacal silver nitrate, and ammonia followed 
by hydrogen sulphide—-are valueless, since a pure colloidal soln. of sulphur reacts 
similarly, and all these alkaline reagents decompose pentathionic acid with precipita¬ 
tion of sulphur. There is no test applicable to the detection of pentaihionic acid 
in aq. soln. H. Bassett and R. G, Durrant agree that the positive teats given by 
H. Debus for pentathionic acid—yi) darkening of an ammoniacal soln. of silver 
nitrate ; (ii) deposition of sulphur with alkali-lye ; (iii)^ rapid deposition of sulphur 
wdth aq. ammonia; (iv) immediate deposit of sulphur with aq. ammonia containing 
hydrogen sulplude; and (v) black precipitate with an ammoniacal soln. of mercuric 
cyanide—are given by colloidal sulphur, but the negative tests—no precipitate with 
hydrochloric acid, cupric chloride, acetate, or sulphate, ferric chloride, or cobalt 
nitrate -gave precipitates with colloidal sulphur. The most delicate diHfjngni<*hiTi| r 
test is didymium chloride; the merest trace of the tervalent cation precipitated 
sulphur from the colloidal soln., but a considerable amount failed to have any 
effect on pentathionic acid. Pentathionic acid, therefore, is unaffected by electro¬ 
lytes provided the soln. is not rendered alkaline. In this respect, it differs from 
colloidal sulphur. Anoth^ way to differentiate them is to boil each for a short 
time with hydrochloric acid and then apply Debus’s “positive” tests involving 
alkali. It will be found that pentathionic acid responds to all the tests, and what 
ttm colloidal sulphur to none of them. J. J. P, Valeton^s statement may be modified 
by saying t^t pentathionic acid, when rendered alkaline, liberates colloidal sulphur. 
Pentathionic acid is dibasic, furnishing salts, the peiitaihioi^^ Mg'SgOn. 
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Owing to its inhtability, SOdium pentathioiiate^ has not hcM'n oxamined 

<*xcopt in aq. soln., hut, as previously shown, F. Rasciiig obtuiiHid crystals of the salt. 
As in<iicaU‘d above, potassium pentathioiiate> K28506.U^H2(), cannot be obtained in 
a satisfactory way by neutralizing the acid with the alkali hydroxide owing to its 
conversion into the tetrathionate. The preparation of the pentathionate has been 
previonsly deseribed. It was niade by T. Curtins, C. Ludwig, V. Lewes, Koek 
and K. Kluss, H. Debus, h\ Kaschig, H. Hertlein, etc. S. vShaw .sup])Osrd thai, the 
salt is a inoriohydrate ; V. Ijowes, a dihydrate ; and H. Debus, a heniitrihydrate. 
The crystals dcscrilxai by i\ F. Ranimelsberg were probably those of a te1ra1bionat(‘. 
According to A. Foek and K. Kliiss, the colourless rhombic crystals hav<^. the axial 
ratios a : h : r - 0 * 45 t >4 ; 1 : (> 3051 . H. Hertlein gave 2*J 120 - 2-1126 for the sp. izr , 
and 171-19 f<»r the mol. vol. The sp. gr. of aq. soln. containing 1 * 671 , 4 * 082 , 7 * 72 . 3 , 
and J 1*199 j»er cent, of the salt are 1 * 01002 , 1 * 02467 , J * 04740 , and 1*009025 re^^pec- 
tively at 20 ", and the mol. vol. res])ectively 135 * 95 , 137 * 25 , 138 * 51 , and 139 * 53 . 
F. Martin and L. Metz gave .386 Cals, for the heat of formation of ‘ 

M. Herthelot gave for the 1 i(‘at of formation from its elements, in a([. soln., 2<).‘>5 
(^nls. ; for the heat of oxidation by bromine, 19*5 Cals. ; and for the rea(‘tion witii 
pota.ssium liydroxide, 24*10 (’als. H. Hertlein found the sp. refraction with Die 
/^-formula to be 0 * 28.37 at 20" for Na-light, and with the/x^-formiila, 0*1665 ; uhil(‘ 
the mol. refractions arc respectively 94*92 and 55 * 73 . The electrical (mukIuc tivity 
of a soln. of a mol of the salt in v litres of water at 25 ° Avas found to lie : 

e . 32 (H 128 2.50 512 J 025 

/X . 100*2 112*3 117*7 122*2 125*7 129*3 

According to II. Debus, the crystals of jjotassium pentathionate cannot be ke])t 
long. In the course of a month or two, yellow jioints are oliservcni in them ; these 
points grow and increase in number, until the whole crystal is turned into a yellow, 
])ulpv mass consisting chiefly of water, potassium tetrathionate, and sulphur. 
The cause of this spiuitaneoiis decomposition is tin? pr(‘sence of w'ater contained in 
cracks and lissures of the crystals. In order to jjres(*rve the salt, the crystals must 
be rubbed to a fine ])owder and the latter washed with dil. alcohol. In this state, 
the salt can be kept over sulphuric aci<l in a desiccator for two or three years 
without the slightest change. According to V. Lowes, and R. Shaw, when 
the pentathionate is heated, it decomposes into sulphate, etc., 2K2S50(; 
~x-2K2S04 [ 2802 + 68 . Potassium pentathionate is easily soluble in water-IIX) 
parts of water dissolving about .50 parts of salt but it is not soluble in alcohol. 
The properties of the salt have been previously disciisssed, J. A. Christiansen 
pre]>ared p-toh(oyJ pentalhiomle. 

K. Debus reported copper pentathionate, 0118500.4 LLO, to be formed by mixing 
20 grms. of cupric acetate dissolved in 250 c.c. of water, with 4.5 c.c. of W acken- 
roder’s liquid of sp. gr. 1 * 325 , and allowing the soln. to evaporate spontaneously ; 
the product was dried between bibulous paper, and recrystallized from its a^p soln. 
The blue, prismatic crystals are freely soluble in water ; and they decompose when 
kept, forming brown cupric sulphide and sulphur. G. T. Morgan and F, H. BurstalFs 
attempt to prepare an ethylenediaminopentathionate was unsuccessful, owing to the 
destructive action of the diamine in removing sulphur from the alkali })entathionates 
obtained from Wackenroder’s soln. M. J. Fordos and A. Gelis, G. A. Lenoir, and 
V. Lewes prepared barium pentathionate, Ba85O0.2HyO, as indicated above. 
V. Lewes prepared it as a trihydrate. The clear, colourless prisms were stated by 
G. A. Lenoir to be tetragonal. When heated in a tube, the salt decomposes into 
sulphur, sulphur dioxide, and hydrogen sulphide; and the dry salt, at 1()0°, w^as 
found by V. Lewes to decompose: Ba85O0.3H2O~BaSO4+SOo+3S+3H2O. 
The salt was found by M. J. Fordos and A, Gelis, and V. Lewes to be freely soluble 
in water, and insoluble in alcohol. A mixture of tetrathionate and penta¬ 
thionate was obtained by M. J. Fordos and A. Gelis, C. Ludwig, F. Kessler, 
and V. Lewes; and it was called barium tetrapentathionate, BaSQOi^bHoD, 
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i.e. BaS 406 .BaS 506 , 6 H 20 . H, Debus prepared impure zinc pentathionatCt by 
the method used for the cop])or salt. The solu. is very unstable, and most of it 
decomposes into sulphate on evaporation. A. and P. Lumiere and A. Seyewetz 
obtained a soln. of lead pentathioiiate, i*bSr,Ch^, by neutralizing an aq. soln. of 
f>entathionic acid with lead carbonate, and with a soln. of sodium thiosulphate it 
aj)pears to form lead sulphite, sul])hnr, and sodium lead pentathionate, 
N«,Pb(S506)2. 
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§ 45 . Hexathionic Add and the Hexathionates 

H. Debus 1 said that the mother-liquor remaining after the separation of 
])otassium tetra- and penta-thionates from Wackenroder's liquid—inclc tfupm- 
contains the potassium salt of hexathionic acid, H2Se0e. He obtained potai^um 
hexathionate, K2Sft06.1|H20, ati a yellow, non-crystalline crust which was com- 
])letely soluble in water. The soln. is decomposed by acids with the separation 
of sulphur. Unlike the pentathionate it is said to give a copious precipitate of 
sulphur when treated with ammonia. It is more easily decomposed than the 
pentathionate. The aq. soln. always contains a little sulphur, but the amount 
does not increase with time; and sulphur reappears after the liquid has been 
filtered. E. H. Riesenfeld and G. W. Feld said that the so-called hexathionic acid 
or hexathionate does not exist, being probably pentathionate containing colloidal 
sulphur. H. Bassett and R. G. Durrant also consider that the existence of hexa¬ 
thionic acid is improbable—supra, the constitution of polythionic acids. 
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E. Weitz and F. Achterberg observed no evidence of the existence of hexathionic 
acid in Wackenroder’s soln., but there were signs of the presence of acids with a 
larger proportion of sulphur. 

A. Kiirtenacker and A. Czernotzky observed tliat in the action of cone. h}alro- 
chloric acid on soln. of sodium tliiosiilphatt* in the presence of small quantities of 
sodium arsenate at —10^ to — 15 ^ isomorphous mixtures of pentatliionate and 
liexathionate were fornu'd. These decompose rapidly in aq. and dil. acetic acid 
soln. wdth the separation of sulphur. 

E. Weitz and F. Achterberg prepared potassium hexathionatc by the addition 
of a soln. of a mol of potassium nitrite and about 3 mols potassium thiosulphate 
to well-cooled hydrochloric acid. The mixture is vigorously shaken until the 
colour passes through brown and green to yellow, after which the nitrous fumes are 
removed in a current of air, leaving a soln. having an odour of sulphur dioxide ; 
it is allowed to stand in a freezing mixture until it becomes almost colourless. The 
preci}>itated potassium chloride is removed, and the filtrate concentrated under 
diminished press., wliereby potassium hexathionatc, mixed with potassium chloride, 
separates. The chloride is removed by water and the residue washed with alcohol 
and ether. The mother-liquors from the hexathionate contain considerable 
quantities of potassium tetrathionate. The production of the latter compound is 
readily explaine,d either by the intermediate formation of nitrosylthiosulphuric 
acid or by a simple oxidation of the thiosulphate, but the mode of formation of the 
hexathionate is obscure. The smallest proportion of nitrite required to prevent 
the precipitation of sulphur w'^heii the soln. is acidified depends on the presence or 
absence of air and on the concentration of nitrite and thiosulphate in the soln. 

E. Weitz and F, Achterberg observed that potassium hexatliionate is stabh* 
when dry, but it readily decximposes in aq. solu. with the formation of sulphur or 
a higher polythionate. The addition of acid stabilizes the soln. It crystallizes 
with difhculiy from aq. or feebly acidic soln., most readily from such as contain 
considerable amounts of mineral acid ; from these soln. it can be salted out. Like 
the pentathionates, it deposits sulphur w^hen treated with alkali; gives yellow and 
yellowish-white precipitates with mercurous nitrate and mercuric chloride ; it 
does not react with copper sulphate ; and gives a brown coloration, passing into 
a black precipitate, with ammoniacal silver soln. It is more rapidly decomposed 
than pentathionates by dil. aq. ammonia, tetrathionate being the first product to 
separate; sodium carbonate soln. behaves similarly. Alkali sulphites rapidly 
convert hexathionate into trithionate. Potassium hexathionate gives crystalline 
precipitates with cobaltic and chromic hexamininochlorides and hexammiiio- 
nitrates, and with cobaltic /fawA'-dichlorodiethylenediarainochloride ; this behaviour 
is also shown by the lower polythionates towards the last-mentioned reagent. The 
anhydrous benzidine salt was prepared. J. R. Partington and A. F. Tipler con¬ 
firmed the observations of E. Weitz and F. Achterberg on the preparation of the 
salt. J. A, Christiansen prepared j>-toluoyl hexathionate. 

E. J. Maumen4 said that barium JiexaihionaUf is prepared by mixing three 

mols of barium thiosuiphato with two gram-atoms of iodine. The mixture becomes 
oolourlees in 3 or 4 days, and it may then be filtered through cotton-wool, and the crystals 
washed with alcohol. The salt gives a white precipitate with silver nitrate, which turns 
black and the liquid at the same time becomes acidic. Colourless, soluble crystals of 
Bodium hexcUhionate, NajS^O^.nHjO, were also reported. These results have not been 
confirmed. 
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§ 46 . Sulphur Fluorides 

II. DavyA and J. H. A. Dumas serm U* haw prepared a snlphar jluoridv by 
distillatiou from mixtures of lead or mercuric fluoride ; and, added L. Pfauiidler, 
.sulphur does not react witii lead lluonde below J4() . According to G. Gore, suI])Rur 
rea(‘ts with molten sihiT f]u<ui<le. forming silver sulphide and a lieavy, colourless 
\ a]H)ur of suij)hur fluoride wdiic h does not <‘ondense at 0‘’ ; it fumes in air, and has a 
snu‘11 recaliintr ihat of sulphur (blonde and sul[)hur dioxide. The composition of 
these products was not (Dtermined. On the other hand, H. Moissan and P. Lebeau 
f>repartHl sulphur hexafluoride^ SFV,. They found that sulphur it^nites in fluorine 
i^as and burns with a livid flame, formin‘^ a ^^aseoxus product which consists of twa) 
compounds, one of which, thoimh <jiiite insoliiiile in water, jiartially dissolves in an 
Hip of potassium hydroxide. When the fluorine is in excess, the product 

contains ])er emit, of the iiiMiluitle comjxment. Analyses of tlie insoluble 

gas show tluit it is the hexafliiorich*. Tiie gas was isolated by liquefying tin* mixture 
at - 8(i , and freed from foreign ga.ses by fractional distillation ; treated wulh 
[lotash-lye ; and dried (oer fu^ed ]>otas.smm hydroxide. It is freed from the last 
tr.iees of nitrog«m liy hqu(*faetion, and allowing the nitrogen to pass olf w’ith the 
first fraction. 

H, Aloissan and P. Leb(*au found that .sulphur hexafluoridi* is a colourless, 
odourless, tasteless, incombustible gas. Its relative density (air unity) i.s fctKl—the 
theoretical value for is 5-Ot). E. H. Prideanx represented tlie electronic 
structure : 



{Sul})hur hexafluoride was found by H. Moissan and P. Lebeau to soliciify at — 55*^' 
to a white, crvstallinti mass which melts and boils at slightly higher temp, 
but E. B. K. Prideaux gave — 50 '^ for the melting point ; — 62 '' for the boiling point; 
and 54 ° for the critical temperature. The coefl. of thermal expansion of the 
liquid is 0 * 027 : the specific gravity, 1 - 91 ; and the molecular volume, 76 * 5 . The 
refractivity/x — 1 *(K) 07 S 3 , w hen the value calculated by the additive law^ is IIG, 
E. B. li. Prideaux also discussed the relationship between the hexafluoride.s of 
sulphur, .selenium, and tellurium. H. MoiR.san and P. Lebeau found that sulphur 
hexafluoride is a very inert gas resembling nitrogen more than sulphur chloride. 
M. Bert helot found that it is stable when exposed to the .silent electrical discharge. 
U. Moissan and P. Lebeau found that no change occurs when the gas is heated alone 
U) the softening temp, of hard glass : but at the temp, of the induction spark, it is 
partially decomyiosed, but after 2 hrs.' action, 11 per cent, remain.s unchanged. 
When sjxarked in the presence of hydrogen, the hexafluoride is completely decom- 
])OS(*d with the production of hydrogen sulphide and hydrogen fluoride ; these 
comjiouncls acting on the glass containing ves.sel form a yellow solid containing 
sulphur, silica, and hydrofluosilicic acid. A mixture of the hexafluoride and oxygen, 
when strongly sparked, yields a brown, flocculeiit solid—one part by voL of oxygen is 
absorbed, and the total contraction is 2 vols. If the current density is diminished, 
sulphur oxyfluoride is formed which is le.ss rapidly decomposed by water than is 
thionyl fluoride. The hexafluoride is very sparingly soluble in Wftter. The gas 
is not affected by fluorine, nor hy chlorine, bromine, or io^e at a red-heat. 
M. Bertbelot .said that it is not absorbed by bromine. H. Moissan and P. Lebeau 
said that hydrogen chloride has no action on the gas. When the hexafluoride is 
heated in snlphnr vapour in a glass vessel, silicon tetrafluoride and sulphur 
dioxide are formed ; if the heating is prolonged, decomposition is complete. It is 
rapidly attacked by hydrogen s^^de : flUgS+SF^^^GHF+iS, and the hydrogen 
fluoride attacks the glass containing vessel. The gas is decomposed by eeiteoillin, 
but tiie reaction is more complicated than it is with sulphur because a mixture of 
silicon tetrafluoride, and of sulphur and selenium dioxides, is produced. The gas 
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is not affected by ammonia ; nor do phosphorus^ or arsenic exert chemical action 
oven at a red-heat. A Hirnilar remark a])plies to the action of boron, carbon, and 
silicon. Ft is rather more soluble in alcohol than in water. M. Berthelot said that 
it is not absorbed by thiophene. Sulj)hur liexaliuoride was found to resist the act-ion 
of copper and silver at a red-heat; boilin^.^ SOdium rajiidly attacks the gas ; but 
calciu 11 and magnesium, when heated in the gas. are only superficially attaekiMi, 
The hoxatiuoride is not affected when heated with copper oxide, or lead chromate ; 
and it resists tlie action of potassium hydroxide -whether fused, or in alcoholic or 
aq. soln. M. Berthelot added that it is not absorbed by an acid soln. of CUprous 

chloride. 

O. liuff and K. Thiel a.ttempted to mak(j sulphur tetrafluoride, SF4, liy 
Jieating nitrogen tetrasuljihidc with hydrofluoric acid wuth and without cupric- 
oxide, but obtained instead thionyl fluoride, N2S4 f- 3 CuO f 20 llh’-~ 3 S()F;^ fS 
4NH4F(HF).3 CuFo. Bulphur tetrachloride was not altered wlien heated with 
hydrogen fluoride, nor was there any change when titanium tetrafluoride was 
heated with sulplair tetrachloride ; while wdth staimic fluoride a complex 80)4.SnF4, 
or else SF4.vSnt'l4, was form(‘d; with arsenic trifluoride, a complex 2A‘iF3.8Cl4 w^as 
formed ; and negative results were also f>btained with antimony trifluoride, and 
silver fluoride. 

M. t-entnerszwer and C. Streak obtained sulphur monofiuoride, heating 

in vacuo a mixture of a g^ram of silver fluoride with 4 grms. of sulphur. About 
KK) c.c. of a gas are evolved. Tin* gas does not condense at ordinary temp. The mol. 
wt. of the gas calculated from the v apour density and the analysis agree with the 
formula S^Fo. The same gas is obtained by heating a mixture of mercurous fluoride 
and sulphur. The colourless gas has an odour similar to but more objectionable 
than that of sulphur monochioride. The m.p. is — 105 * 5 ^ ; the b.p., — 99 ‘^; and the 
sp. gr. at “ - KX)"^, 1 *5. The gas is not stable towards heat, and when introduced into a 
dry, evacuated flask, it yields a wdiite or yellow deposit, but the decomposition 
ceases after 12 -24 hrs., and the purified gas then gives nc deposit when introduced 
into a second flask, and it does not attack mercury. The impure gas blackens 
mercury owing to the formation of mercury sulphide. It is therefore supposed that 
the gas when formed from silver fluoride and sulphur is accompanied by other 
fluorides relatively difficult to volatilize. The gas deposits sulphur when exposed 
to air, and likewise also in the presence of moisture. It is absorbed by a soln. of 
jiotassiuin hydroxide. 
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§ 47. Sulphur Chlorides 

In 1782, A. Hagemann ^ observed that sulphur unites chemically with chlorine, 
and T. Thomson in 1804 and A. B, BerthoUet in 1807 observed that sulphur mono- 
chloride, S 2 CI 2 , is formed. The composition was afterwards established by H. Davy, 
and C. F. Buchok. F. Donny and J. Mareska found that at ordinary temp., and 
even at —powdered sulphur slowly absorbs chlorine at ordinary temp, with the 
development of heat, and that the absorption is faster If the sulphur be sublimed in 
the chlorine gas. The four sulphur cfaif^des have been reported: the tetrachloride, 
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SCI4, the dicliloride, 8CI2 ; the tritatetrachloride, S3CI4 ; and the monochloride, 
SoCL ; but G Chevrier, and F. Isarabert seem to have considered the first two to be 
soln. of chlorine in the monocliloride; while L. Carius registered only sulphur 
dichloride, SCL. M. Trautz said that the main reaction of sulphur and chlorine at 
a high temp, involves SoCL+CIo^ ^28012 ; and that sp. ht. data agree with th(‘ 
assumption that there are formed m the gaseous or liquid state mlphur Itenil- 
chloride, S^Cl; sulphur tritadichloride, S3CI2 ^ ^iid sulphur tctritadichloride, S4CI2. 

W. Biltz and E. Meinecke found that sulphur monocliloride is soluble in liquid 
chlorine. According to 0 . Rufl and (L Fischer, the m.j). curve of mixtures of 
sulphur with from 51-5 to 92'5 per cent, of chlorine shows a maximum at — 80 "’, 
and one at — 30 - 5 "^ corresponding respectively with the monocliloride and the 
tetrachloride. There is an indication of a maximum corresponding with sulphur 
hcuachloride, SCIu, but this has not been confirmed. There is a eut<ectic melting at 
— 113 ®, and when it solidifies at — 113 ®, there is an abrupt rise of temp, to — 101-3 . 
There is no evidence of the existence of sulphur dichloride on the m.p. curve. 
O. Ruff and G. Fischer's data, in atomic percentages, are : 

8 . 7-7 91 12*7 21*6 31-6 35*7 42-C 48-8 51 1 

M.p. 38^ 39"' -34° -30-5"’ —66'’ -69*’ -113'’ -83'’ -81'5 

To these A. 11 . W. Aten added for 20 - 0 , 33 - 7 , 45 - 3 , and 48-6 at. per cent, of sulphur, 
respectively — 30 ®, — 65 ®, — 90 ®, and — 82 ®; and for the system SoGIg-Sg, with 
molar percentages of Sg : 

S . 4-3 6-0 9*9 28-5 56*4 81-8 81-8 88*4 100'* 

M.p. —16® 0° 17-9® 65-2® 77-7® 95-6® 860® 10-32® 118-8® 

" .. ■ ^ . ^ '-r 

Rhombic sulphur MonocUnic bulpnur. 

T. M. Lowry and co-workers measured the f.j>. cur\ e of the system : S-Cl by heating 
the mixture to 100® in a sealed tube to make sure that equilibrium was really 
attained. Similar results were olitained using iodine as a catalyst. The portion 
of the curve shown in Fig. 136 , indicates that not only is sulphur monochloride 



Fiu. 136.—Melting-point (’iirve of 
Sulphur and Chlorine. 



Fio. 137.—Freezing-point Curve 
of the Syetein: S-Gl after 
heating to 100®. 


formed, but also sulphur dichloride, as well as sulphur tritatetrachloride, S3CI4. 
A mixture having the composition of the dichloride, de])osits crystals of the tetra-* 
chloride on cooling. The equilibrium between the sulphur i^hloride in middle 
regions of concentxationfl is probably dominated by two sknultaneous reactions: 
28 Cl 2 v=^S 2 Cl 2 +Cl 2 , and 38012 ^ 82 ^ 12 + 8014 ; the combination of the monochloride 
and chlorine is slovr at atm. temp, and consequently also the first dissociation is 
slow. The second reaction is probably a fast one since the reaction SCl 2 + 0 l 2 ^SCl 4 
is fast even at —75°. H. Acker obtained evidence of the formation of a 
polyihwcUoride^ 84 CI 2 or According to M. Trautz, the change in colour, 

from yellow to red, which occurs when sulphur is passed into liquid sulphur mono- 
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chloride, is influenced by Hcveral factors— e.g. unless the liquid is seeded with 
sulphur dicldoride, Sdo) colour change does not occur until the laps(‘ of 3 or 
4 hrs. The absorption of chlorine is represented by the scheim‘ : CL 

2SOI2. The rcfiction is very slow unless the sulphur monochloride ha]>peus to 
be in the active state, or wh(‘n a large proportion of sulphur dicliloride, sulphur 
tetrachloride, stannic chloride, or iodine has been added. The reaction occurs in 
stages ; S2Cl2+Cl2^S2Cl4 (fast) ; and S2Cl4"~2SCl2 (slow). There are also the 
r(‘a(‘tions: 8012+012^8014 (very fast), and 82012+8014—8012+82014 (measuiable 
but fast). Sulphur dissolv^ed in sulphur monocbloride reacts with chlorine in 
accord with a reaction of the iirst order. M. Trautz measured the partition coeff. 
of chlorine in the gas phas(\ and dissolved in the sulphur' monocliloride--both fresh 
and old. T. M. Lowry and G. Jesso]) observed that the red component is sulphur 
dichloride, and this can be estimated from the absorption of light of wave-length 
5200 A. or 5400 A. to which the monochloride and chlorine are transparent. Sulphur 
tetrachloride is not formed in appreciable quantities in liquid chlorides of sulphur 
which behave as ternary equilibrium mixtures, to which the law of mass action 
can be applied in accord with ; 2SGl2'v~S2Cl2+Cl2. 

H. W. B. Roozeboom‘s and A. H. W. Aten’s observations on the b.p. curves 
of mixtures of sulphur and chlorine at 740 mm. press, are shown in Fig. 138 , where 
the lower curve represents the composition of the liquid at the b.p., and the upper 
curve, the composition of the vapour. The dotted curves only jiartially realized 
refer to mixtures of sulphur monochloride and chlorine. The following is a selection 
of the data, where concentrations are expressed in atomic per cent. : 


B.p. 

-26*0'^ 

-16-4'' 

120 

320'^ 

61-4*^ 

105*^ 

150-4'=' 

212'’ 

320® 

Liquid 

11-4 

17*1 

29-2 

32*0 

360 

48-0 

66-4 

90-5 

96-1 

Vapour 

— 

0-8 

5-3 

180 

25-0 

400 

49*4 

49-9 

65-5 


A. H. W. Aten said that the character of the variation of vap. press, with composi¬ 
tion shows that at O'" the compound 8CI2 is present in the mixtures and is partly 
associated. The variation of b.p. with composition 
for mixtures of disulphur dichloride and chlorine 
confirms the existence of the compound SCI2, and 
indicates also the existence of the compound 8 CI 4 . 

It apiiears further from these b.p. curves that 
sulphur monochloride is dissociated to a small extent 
at its b.p. It has been possible to determine the 
b.p. of mixtures containing only the molecules S2CI2 
and CI2, for freshly-prepared mixtures of these sub¬ 
stances are yellow in colour, whilst mixtures which 
have stood for some time are red, have a different 
b.p., and may be shown to contain at least one com¬ 
pound (SCI2). It thus appears that the formation 
of the compound 8CI2 from 82Cl2^*Cl2 takes place 
more or less slowly. A. Michaelis made a few 
observations on tliis subject; and 0 . Ruff and 
6. Fischer determined the composition of liquid and 
vapour between —10® and 0®, and concluded that 
between these temp., the so-called sulphur dichloride 
is a mixture of several substances and not a chemical 
individual. 
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Atomic per cent of ^ufphur 

Fio. 138.—The Coiuposition of 
Binary Mixtures of Sulphur 
and Chlorine—Liquid and 
Vapour — at the Boiling 
Point. 


According to J. J. Berzelius, H. Rose, and R. F. Marchand, sulphur mono- 
chloride, S2C12, is produced by the action of chlorine on sulphur, or on a metal 
sulphide as indicated in the patent process of the Consortium fur elektrochemische 
Industrie ; or of sulphur on a metal chloride— e.g. stannous or mercuric chloride. 
K. Legeler used iodine, iron, or iron chloride as catalyst. The mode of prepara¬ 
tion by the action of chlorine on heated sulphur is as follows : 
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A 250 (.c tabulattid retort is tittod with a coiidenwer, and a buetion flask as receiver. 
100 grms. of flowers of sulphur aie introduied into the retort, which is then connected with 
an inlet tul>e for chlorine which is washt'd with water, and dried by cone, sulphuric acid. 
Til© retort is heated by an air-bath betwica 200*^-250'". As the rapid current of chlorine 
passes through the system, sulphur chlondi is furiiied and distille<i into the receiver. The 
black residue which remains in the leloit is due to impurities in the sulphur. The crude 
product is mixed with 10--15 gims. of sulphur, and then dcstilled from a fractionating flask 
piovided with a condenser and reccuor , that which collects below 134"^ can be poured bai'k 
into the distilling flask and more sulphiii added The fraction boiling between 137^’and 
138*^ IS collected. Towards the end of the o]H‘ration the temp, may rise a few degrees above 
this temp, owdng to the supt'rheating of the vapour. The cxcesa of sulphur remains in the 
distillation flask. The preparation can be further purified by another fractionation. It 
distils at 41"^ under a press, of 28 mm Moisture present in the chlorine may form some 
trio\>tetrachloride, N^OaClj (r/r.}. 

E. Terhnek said that the formation of vsulphur monochloride when chlorine is 
piassed into inolten sulphur is accomjianied by the production of considerable 
amounts of higher sulphur chloride, which dissolve in the monochloride, hut if the 
mixed i hlondes are heated for some time under a reflux condenser the vapour 
ultimately assumes the b.p. of sulphur monochloride. The reaction, therefore, to 
produce only the monuchlondc* is tlepiuident largely on the temp., and is best carried 
out in a soln. of suljihur in boiling suljihur c blonde. 

An iron vessel is litted with an iron it flux column and a condenser, and is charged with 
Riilphur and sulphur chloride, w hit h is thtai heated to boilmg. Dry (‘hlorine is passod rapidly 
inU) the soln., and whim the sulf4iur almost completely used up about tw’O-thirds of the 
mixture is tlistilh d and the resulting sulphur montjchlorido eolleet<*d, more sulphur then 
being added and the process repeated, Tho distillation may proceed while chlorine is still 
being absorbed, and the amount of chlorine added may be ascertained by the decreasi-' m 
w'eight of the chlorine cylinder or by passing tho gas through a gafi*meier. 

W. J. Pope and fellow-workers prepared sulphur monochlonde by distilling the 
commercial monochloride with the addition of sulphur and about one per cent, by 
weight of highly absorbent charcoal. The fraction which distils at ajiproximately 
137 IK redistilled with sulphur and absorbent charcoal under 11 mrn. press.—golden- 
yellow' sulphur inonochloride distils over at 41/. In C\ E. Acker’s manufacturing 
process, sulphur is dissolved in sulphur chloride and the soln, is transferred to a 
reaction chamber in which it is sprayed through an atm. containing chlorine. The 
product is then returned to the disjiolving chamber, where it is made to take up more 
sulphur and the cycle of operations is repeated. R. E. Gegenheimer and M. Mauran 
treated w’ith chlorine a dei'p bath of sulphur chloride in contact with molten sulphur, 
and so regulated the temp, that onlv the monochloride distils over. R. Weber 
observed that sulphur monochloride is formed bv the action of chlorine—best in the 
presence' of a trace of iodim—on carbon disulphide : CSg-f 3Cl2-C('l4+S2Cl2 ; the 
by-product is then carbon tetrachloride ; while sulphur monochloride is a by-product 
in the preparation of carbon tetrachloride from carbon disulphide and chlorine as 
described by B. M. Margosches. H. Goldschmidt observed that the monochloride 
IS formed by the action of phosphonis pentachloride on sulphur: S2+PCI5 
=^PCl3+82012 ; and E. Baudriraout, and G. Chevrier obtained it by the action of 
phosphor^ pentachloride on metal sulphides ; by heating thiophosphoryl chloride 
in a sealed tube to redness, or by the action of chlorine on thiophosphoryl chloride; 

L. Canus, by heating thionyl chloride with phosphorus sulphide; H. Prinz, by 
heating thionyl chloride with sulphur to 180 °; and A. Besson, by the action of 
sulphide on sulphuryl chloride. The New Jersey Testing Laboratories 
purified crude sulphur chloride by agitating it with small amounts of finely-divided 
adsorbent substances, such as kieselguhr, china clay, calcium carbonate, or the like, 
whereupon foreigii metallic and organic impurities are removed and a clear liquid 
posseting a light lemon colour results. It is preferable to employ substances, such 
as calcium carbonate, which simultaneously remove any free acid present The 
process may also be applied by filtering the crude liquid through a bed of the 
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adsorbent niaierial. Any of the chlorides of sulphur may be treated, as tin* sarm* 
type of metallic residues and foreign colouring matters occ ur in eac h. 

Sul])hur monochloride appears as a yellowish-red, heavy liquid, wlndi fumes in 
air ; it has a disagreeable, suffocating odour w’hich has been likened to that ot 
sea-weed; its va})oar excites tears; it attacks the mucous membrane; aial its 
taste is said to be sour, liot, and bitter. When rectified by distillatnui in \aeuo. it 
lias a pun* yellow colour. The freedom of the liquid from any tinge of red is taken 
to indicate* that the monocbloride is not eontarninated witli the liigher sulplu'r 
chlorides. On heating sulphur monochloride at 60 ^' its colour darkens eonsidiTably, 
and the red tint acquired deepens as the temp, is raised to the b.p. ; on cooling, the 
colour becomes rather lighter, but the pure yellow' colour of the original jireparation 
is not regained even after many wrecks’ standing. Wlien this feebly red-tinted 
material is treated with absorbent charcoal the colour immediately revi‘rts to tin* 
original pure yellow'. Sulphur monochloride thus undergoes slight dissocuiiion 
into sulphur dicliloride and sulphur wdien lieated, and, in the absence of a catalyst 
Mich as charcoal, tlie establishment of the etpiilibrinin proceeds very slowly. 
Analyses w'(‘re made l>y J, 15 . A. Dumas, R. F. Marchand, J. Dalziel and T. E. Thorpe, 
il. Rose, and i\ F. Bucholz, and these are in agreement with the (*mj>irical formula 
*S('i. Tin* relative vapOUr density found by J. J 5 . A. Dumas is 4 - 70 , and by 
R. F. Marchand, 4 * 77 . These numbers are in agreement with the formula 
( 1 . Oddo and F. Serra found that the molecular weight, calculated from the effect 
of the inoru)(‘hloride on boiling carbon tetrachloride, and boiling benzene, is 169 to 193 
when the value for S^Clo is 135 . This seems to indicate polymerization, but the 
r(‘sult is attributed to the volatility of the dissolved substance at the temp, of the 
boiling soln, ; but when a due allow’ance was made for this, a little polymerization 
was still in evidence, although G. h. Ciamician’s correction made the data agree 
with the normal mol. wt. G. Oddo and M. Tealdi obtained a normal value for the 
effect of the monochloride on the f.p. of ])hospboryl chloride ; and G. Bruni and 
M. Amadori, on the f.p. of bromoform. E. Beckmann, and T. Klopfer found that 
the mol. wt. is normal when calculated from the effect of the monochloride both on 
the b.p. and f.p. of chloride or bromine ; and E. Beckmann and F. Junker obtained 
normal values for the mol. wrt. from its effect ou the b.p. of carbonyl chloride, ethyl 
chloride', and sulphur dioxide. The constitutional formula may be Ci.S.S.Cl. or, 
according to A. Michaelis and 0 . Schifferdecker, H. L. Olin, L. Carius, ana 
T. E. Thorpe, S~S::-=Cl2, analogous with thionyl chloride, 0=S=-"Cl2, and it has 
accordingly been called sulphoihionijl chloride. B. Holmberg said that its action 
ou mercaptan favours the formula Cl—S—S—CL According to 0 . Bruni and 
M. Amadori, just as a series of persulphides is produced by the introduction of 
sulphur to hydrogen sulphide, H—S—H, H—So—H, and H—so may the 
corre.Mponding sulphur chlorides, sulphur dichloride, Cl—S—Cl, sulphur inono- 
chloride, Cl—Cl—Sn—Cl, be possible. M. M. Kichter has indicated 
the existence of organic derivatives of sul])hur tritadicMonde, SjjCl.^, for he found that 
sulphur monochloride, S2CI2, acts under some conditions as if it were a mixture of 
sulphur chloride, SCI2, and trisulphur dichloride, S3CI2—forming, for instance, tlic 
compound sulpliides when it reacts with p-chlorophenol. The yield ol the tri- 
sulphide is augrnent>ed if sulphur is also employed. G. Bruni and M. Amadori 
found that a mixture of sulphur monochloride and sulphur depresses the f.p. of 
bromoform by an amount less than the sum of the depressions produced by tlie tw'o 
solutes taken separately. It is assumed that such a soln. contains polythionic 
chlorides in equilibrium with their components; the divergence of the actual from 
the calculated depression.indicating approximately the formula of the complex 
chloride. In brotnoform soln., the highest such complex compound definitely known 
to be present is the tetrathionic chloride, that is, solphur t6tritadichlorid6» S4CT2, but 
chlorides richer in sulphur probably exist in soln. of sulphur in the monochloride. 
The presence of these polythionic chlorides is due to the formation of polythio- 
dcrivatives by the action, substitutive in character, of sulphur monochloride on 
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organic substances. Again, in the cold vulcanization of caoutchouc by means of 
sulphur monochloride, products may be formed containing sulphur in excess of 
the ratio S : Cl, 0 , Ruff and H. Golla found that a sat. soln. of sulphur in 
sulphur monochloride corresponds closely with the formula >^4Cl2, Observations 
on the b.p. of these soln. agree with the assumption that sulphur tritadichloride, 
83CL, and tetritadichloride, 84Cl2» are present as well as Sg-molecules. The dissolu¬ 
tion of the sulphur is attended by the reactions: (i) Sg 880012^883012, for which A\ 
in IS3C12]8-A\[S8][S2CLP, is 9 - 758 xlO-' 7 ; and (ii) Sg f4S2Cl2--4S4Cl2. for which 
A0, in is 4-533 xUr^; and (iii) SgOlo-l-S^OU^^-'iSaCL, 

from which Ag, in [S3Cl2F^-A'3[8.>0l2|[840L,] can be calculated. In cone, soln., the 
sulphur is nearly all present as S4CI2 and Sg molecules. 

J. B. A. Dumas found the spe<^C gravity of the monochloride to be 1 -G 87 ; 
R. F. Marchand, 1 * 686 ; A. Leboucher gave 1*737 at — 18 ^ and 1*582 at 77 ''; 
T. E. Tborpe, 1*70941 at 0 ^ or 1*69802 at 7 * 58 ^ 0 . A. Fawsitt, 1*7044 at 0 ^ and 
1*6822 at 15 * 5 °; H, Kopp, 1*7055 at (r and 1*6802 at 16 * 7 “; H. V. Regnault, 
1*6970 at 5 °-] 0 ^; 1*6882 at 10 M 5 ^ ; and 1*6793 at 15 '^-~ 20 °; A. E. Kretoff, 
1*6824 at 2072O''; and A. Haagen, 1*6828 at 20 ^ F. M. Jaeger’s values are 
indicated below. E. H. Harvey and H. A. Schuette gave 1*67328 at 25 /4 ; 
T. E. Thorpe, 1*49201 for the sp. gr. at tlie b.p.; and W. Ramsay, 1 * 4848 . For 
the molecular volume, 11 . Kopp gave 91 * 6 ; W. Ramsay, 90 * 9 ; T. E. Thorpe, 
90 * 28 . 0 . Loth studied the subject ; and S. Sugden, and E. Rabiuowitsch, the 

mol. vol. A. H. W. Aten found the mol. contraction, Su c.c., of mixtures of chlorine 
with p per cent, of sulphur monochloride : 

Sad* . 11*2 28*7 35*0 44-7 64-6 76-6 mol per cent. 

Sv . 0-26 0-35 0*()0 0*67 0*59 0*30 c.c. 

thus showing a maximum when the pro])ortion of chlorine corresponds with 
y.,Cl2-t*Cl2, or with SLlo. L L Saslow^ky studied the contraction which occurs 
when the compound is fontied from its elements. M. Trautz gave for the sp. gr. 
of soln. of sulphur in grams per 100 grms. of sulphur monochloride. 


Sulphur 

0 

0 

4*2 

10 20 

25 

35 

( 0° 

1*7090 

1*7140 

1*7168 

1*7274 1*7485 

1*7530 

1*7670 

cs 10® . 

1*6950 

1*6989 

1*7079 

1*7137 1*7340 

1*7410 

l-76i0 

Sp.gr. 20 ° . 

I'G790 

1*6833 

1*6885 

1*6978 1*7204 

1*7280 

1*7409 

( 40 ® 

1G480 

1*6540 

1*6560 

1*6700 1*6920 

1*7020 

1*7170 

( 0® 

0*585 

0*583 

0*582 

0*579 0*572 

0*570 

0*666 

Mol. vol. 110® 

0*590 

0*689 

0*587 

0*583 0*577 

0*674 

0*570 

(fresh) 20® 

0*596 

0*594 

0*592 

0*589 0*581 

0*679 

0*574 

( 40 ® 

0*607 

0*604 

0*604 

0*699 0*591 

0*587 

0*582 

/ 0® 

0*585 

0*583 

0*682 

0*578 0*672 

0*670 

0*666 

Mol. vol. 10® 

0*590 

0*589 

0*586 

0*683 0*577 

0*574 

0*570 

(aged) 120° 

0*596 

0*593 

0*592 

0*688 0*581 

0*679 

0*674 

UO” 

0*607 

0*685 

0*603 

0*598 0*591 

0*688 

0*684 

The sp. gr, of soln. of chlorine in 

sulphur raonochloride, expressed in percentages. 

were: 







Chlorine 

0 

4*32 

7*3888 

11*24 



( 0® . 

1*7085 

1*7086 

1*7066 

1*6876 



10® . 

1*6946 

1 6938 

1*6932 

1*6676 


8p. gr. 

20® . 

1*6787 

1*6783 

1*6776 

1*6512 



(40® . 

1*6489 

1*6479 

1*6466 

1*6156 



F. M. Jaeger’s values for the sp. gr. of the liquid, D, referred to water at 4 ®, 
the surface tension, O-, in dynes per cm,, the specific cohesion, per sq. mm.: 
and the mol. surface energy, A; ~-=d{cr{Mv)mdty in ergs per sq, cm., are : 


D 

0® 

25-4“ 

60* r 

76® 

90*6® 

106*4® 

121® 


46*4 

41-8 

38*0 

34*6 

32*9 

31*2 

29*4 

-4 

6*42 

— 

4*76 

4*43 

— 

4*12 

3*06 

k 

. 836*1 

781-7 

721*9 

668*3 

641*7 

614*8 

586*7 
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The temp, coeff. of k is about 2 * 24 - at 50 '^, and thereafter falls to about 1-79 ergs per 
degree. W. Ramsay and J. Shields gave 42 * 29 , 38 * 0 (), and 33*81 dynes per cm. for 
the surface tension respectively at 15 * 5 ®, 46 * 3 ®, and 78 * 3 ® ; and for the mol. surface 
t^nergy, respectively 787 * 2 , 719 * 6 , and 653*6 ergs. W. D. Harkins, and W. Herz 
studied some relations of the surface tension. E. H. Harvey and H. A. Schuette 
found the surface tension to be 40*78 dynes per cm. at 22 ® ; and the relative 
viscosity, water unity, 1*908 at 18 ®. M. Trautz gave for the viscosity coeff., j], of 
soln. of sulphur in grams per 100 grms. of sulphur monochloride : 


iSulpluir 

. 0 

2 

4*2 

10 

20 

25 

35 

( 0*^ 

. 1289 

1319 

1396 

1629 

2109 

2371 

3014 

7? 10" 

. 1098 

1159 

1218 

1397 

1806 

2025 

2457 

(fresh) 20" 

. 1029 

1047 

1098 

1244 

1587 

1751 

2123 

(40^ 

. 901 

907 

972 

1065 

1340 

1514 

1795 

{ 0" 

. 1289 

1282 

1372 

11503 

2106 

2370 

3006 


. 1J42 

1135 

1218 

1378 

1791 

2001 

2453 

(aged) )20" 

. 1029 

1039 

1082 

1223 

1579 

1742 

2116 

Uo*" 

. 906 

908 

970 

1060 

1335 

1512 

1784 


The subject was studied by 0 . Loth. A. Leboucher gave 0 *(X )1031 for the coeff. of 
thermal expansion (cubic) between - - 18 ® and 77 ®. H. Kopp found that the th(*rma 1 
(‘xpansion corresponded with unit vol. changing to u—I f 0 * 0 ^ 9591 ^— 0 * 07381(92 
-I 0 * 0 h 7318 G^^ at ( 9 ®; while T. E. Thorpe gave 1 + 0 * 03934250 + 0*064108202 
+O*Og 4 O 7690 '^. M. Trautz gave for the coefficient of thermal expansion, a, of 
soln. of sulphur in grains per 100 grins, of sulphur monochloride : 


Sulphur . 

0 

2 

4*2 

10 

20 

25 

25 

I ()4 j 

, 8 

9 

8 

8 

8 

7 

7 


9 

9 

9 

{) 

8 

7 

8 

1 20 ’ 

. 9 

9 

10 

8 

8 

8 

t 

i(i‘ 1 ,!!, 

' ) 20 ’ 

8 

9 

7 

8 

8 

7 


. 9 

8 

10 

9 

S 

7 

7 

. 9 

10 

10 

9 

8 

8 

9 


H. V. Regnault gave 0*2024 for the specific heat between 10 ® and 15 ^; J. Ogier 
gave 0*220 between 12 ® and 70 ® ; and M. Trautz, 0-22 at 22 ® ; and for soln. of 
sul])hur and chlorine in the rnonochloride : 

Sulpliur . 42 f )4 41*89 47*20 49*33 51*29 

( 9 ilorino r> 7 - 3 () 55*11 52*80 50*67 58*71 

Sp. lit. 0-208 0*219 0*219 0 - 22 () 0 24.5 

at temp, between 21 ® and 25 ®. Observations on the melting point of mixtures 
of chlorine and sulphur are summarized in Figs. 135 and 136 . 0 Ruff and 6 . Fischer 
gave — 80 ® for the m.p. of sulphur rnonochloride. Observations on the boiling 
point of mixtur<'H of chlorine and sulphur are summarized in Fig. 136 . G. Chevrier 
gave 136 ® for the b.p. at 758 mm. ; 0 . A. Fawsitt, 136 ®- 137 ® at 755 mm.; H. Hiibner 
and A. Gucroult, 137 ®; A. Haagen, 137 * 7 ® at 761*4 mm.; J. B. A. Dumas, W. Ram¬ 
say, F. M. Jaeger, 138 ® at 760 mm.; E. H. Harvey and H. A. Schuette, 138 ®; 
T. E. Thorpe. 138 * 12 ® at 760 mm.; L. Carius, 138 ®- 139 ® at 760 mm.; and H. Kopp, 
140 ®. The best representative value is 138 ®. As indicated above, A. H. W. Aten 
found that sulphur rnonochloride is slightly dissociated at its b.p. N. de Kolos- 
sowsky calculated values from 5*02 to 6*79 for the ebollioscopic constant. 
W. R. Orndoff and 6 . L. Terrasse calculated the mol. elevation of the b.p. to be 
52 * 8 , and E. H. Harvey and H. A. Schuette, 52 * 9 . The last-named found the 
vapour pressure, p mm., to be: 

0 ’ 10 ” iiO” 40 ” 50 ” 80 ” 100 ” 120 ” 138 ” 

. 3*7 6*4 10*7 28*0 60*0 136*0 267*0 469*7 760*0 

The results can be represented by logj | p ^ 7 * 4550 — 1880.1 r””!. H, Acker obtained ; 

37 fl 5 ” 02 * 22 ” 92 08 ” 108 - 7 ” 128 2 ” 182 * 5 ” 130 * 2 ” 

p . 17*1 68*6 192 1 283’3 495*0 651-7 757 3 
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A. W. Kick, a])(l M. Trautz gave fur the vap. press., p mm., of sulphur juouochloridc : 

■iT-n') 4:/os 7o-:>i 8 ot»s moor luo i3(i*4 

p. . 171 248 40-7 127-9 179-,) 254-r) .‘{9S-1 757 5 

atul he represented the results by h>g l~D75 log T ^-constant, where 

Qq --815 ('als. The vap. press, (d soln. of sulphur in the monochloride : 

(\]V 72 (r sro' o:er iao-8“ 132*0'’ 

p . . 57-4 91 U 137-2 212-4 311-9 633-9 647-2 

The soln. has ap])ruxiuuit<‘lv' 57*80 al. ]><‘r cent, of sulphur. The h6Et of vapori¬ 
zation is Ori-9 cals, per grani. J. Ogier gave. 49*1 cals, per gram. 11. Acker 
calculated 8500 cals, fur the luol. heat of vaporization. N. d<' Kolossowky 
studied the relation l)etween the thermal expansion and the heat (d vaporization, 
d. 1 hornsen gav^'e for the boat of formation (8wt,oiia,f-=--14*25 Cals, for the Ikpiid 
monochloride. J. (\ Thonilinson fmmd that t he caleulated value, 14*933 (^als., agrees 
best with the assumption tliat the rontained sul[>hur is bivalent ■ C’l *»S—S—01. 
J. Ogier gave 17*^> Oals., and hu the gaseous moriochloride, 11*0 Oals. M. Trautz 
found with rhombic sulphur, {28,('l_>) 8.2 (T>i,qn,<Ht^als. ; the heat of dissolu¬ 

tion of chlorine in sulphur luonochloride is S20l2U(juki+Ol2ga« - ^SCOk)!!!. t ^*8 Oals., 
and SnCI,, t“ 30L'-2S(44a„i„.-|-12 to 11 ('als. M. Trautz studied the absorption 
spectrum of soln. of sulphur monochlorid<‘ in carbon tetrachloride, chloroform, 
ethylene dichlorid(’, and htuizene. T. M. IjOWTv and G. .Tessop found that sulphur 
monochloride is transparent to light of wave-length 5200 A. and 54(Xi A. ; it has 
a strong maximum absorption in Ihe ultra-vuolet, log e being 3*8 at 2560 A., but it 
cannot be estimated photometrically on account of the absorption of ultra-violet 
light by the dichloride. H. Becquerel gavi* 0*984 for the magnetic rotary power 
for sodium light, and for the index ol refraction, 1*6460 ; T. Costa gave for the 
IJ- and C- lines respectively 1*666 and 1*657 : and F. F. Martens, for the G-, F-y 
and Tl-lim‘s, respectively 1*707, 1*688, and 1*677. P. Walden found sulphur 
monochloride to be an ionizing solvent. H. »SohIundt gave 4*8 for the dielectric 
constant at 22 \ 

A. Leboucher found that hydrogen has no action on sulphur monochloride at 
ordinary temp. A. Besson and L. Fournier observed that on submitting sulphur 
monochloride to fractionation under atm. press., partial decomposition occurred 
with production of sulphur dichloride and sulphur. The monochloride is com¬ 
pletely reduced by hydrogen under the influence of the silent electric discharge. 
L. Carius found that when the vapour of sulphur monochloride mixed mth air, or 
oxygen, is passed through a red-hot tube, the ga.s burns with a blue flame, forming 
sulphur di- and tri-oxides and chlorine, but not thionyl chloride. M. Martens said 
that sul})hur monochloride reddens blue litmus, but H. Davy found that this is not 
the case if tlie litmus paj)er be dry, T. Thomson observed that the lirpiid sinks in 
water> and is slowly hydrolyzed into hydrochloric and thiosulphurici acids and 
sulphur ; the thiosulphuric acid also decomposes into sulphurous acid and sulphur 
so that the initial and final products arc 282Cl2+3H20=4HCl f HoSOs+^iS. 
C. F. Bucholz, and H. Rose said that a little sulphuric acid is formed even if the 
monochloride contains an excess of sulphur: and M. J. Fordos and A. Gelis observed 
that a little pentathionic acid is formed. H. Rose added that 10 days after mixing 
the monochloride with water some thiosulphuric acid can be detected in the soln., 
and that about three-fourths of the total sulphur separates as elemental sulphur. 
L. Carius, and H. L. Olin assumed that the first stage of the hydrolysis furnishes 
sulphur dioxide and hydrogen sulphide: 82CI2+2H20=^H2S+S02+2HC1, which 
then interact to form thiosulphuric acid, etc. This"equation, said H. Debus, is 
entirely hypothetical; it ivS not supported by exj>eriments; and it is advanced by 
L. Carius as an argument in favour of his view of the constituent of the sulphur 
chlorides. Sulphur monochloride dissolves in an aq soln. of sulphurous acid without 
the precipitation of sulphur, but the smallest quantity of hydrogen sulphide, even 
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with tt larp:e excess, produces an immediate precipitate of sulphur. Tiie formation 
of hydrogen sulphide required by L. (^arius's equation does not therefore occur. 
He therefore favoured the former view that water decomposes the monochloride 
into thiosulphuric acid, sulphur, and hydrochloric acid: 

:==t:H 2 B 203 4 4HC1"| 2S, J3. Neumann and E. Fuchs, however, considered that 

L, Carius’s equation represents the course of the reaction wliicli is folh^w<*d ])y a 
subsequent reaction between the sulphur dioxide and hydrogei» sulphide. After 
complete decomposition by }»oiling for several hours, the suijdiiir was found to be 
yiresent as follows: as separated sulphur, 29‘80 ; colloidal, 35-11 ; as tritiiionic 
acid, 4-H4 ; as tetratbionic acid, 9*09 ; as pentathionic acid, 1K*‘26 . as siil[)huric 
acid, 1*<K); as sulphurous acid, 0*31 ; as hydrogen sulphide, (^57 ; total, 99-0 [)er 
cent, of the sulphur present. E. Noack said that the end-products of the reaction 
are the same as in the reaction between sulphurous acid and hydrogen sulphide , 
a slight difference in the amount of sulphuric acid produced in the ahsencf^ of air, 
is attributed to the oxidizing action of a small quantity of a higher sulphur chloride. 
It is asHiimed that the first stages of the reaction can be represented by 
f 2 H 2 U’^B 2 (OH) 2 -i’ 2 HCl ; B2(OH)2^-""H2B f-SOo and the juv^^ence of sulphur 
dioxide and hydrogen su][)hide can be demonstrated. Attempts to ])re}>are the 
assume<l intermediate compound H 2 B 2 O 2 , however, by the ar tion of hydrogen 
sulphide on sulphur dioxide in the absence of w^ater, c,q. in aicnfiolic soln., or by 
passing hydrogen sulphide into liquid sulphur dioxide, failed. The reaction under 
such conditions jiroceeda thus : 21128 - 1 -S 02 “-> 2 H 20 -4-3S. A. Lehuucher found that 
one vol. of sulphur monochloride, sp. gr. 1*737, at - 2(T absorbs 310 voLs. of chlorine. 

L. Carina found that vrell-cooled sulphur monochloride absorbs chlorine, forming 
a dark, reddish-brown liquid wdiicli gives oft chlorine as soon as it is removed from 
the freezing mixture. He said that at U) - 8 *^ the monochloride forms a soln. 
of 71*67 per cent, total chlorine ; at 0*4^ to —2*5^, 70 to 70*39 per cent. ; at 6 ° to 
6*4°, 69*18 per cent.; and at 20^, 6*78 per cent.—the theoretical value for 8 CI 4 is 
81*61 per cent., and for SCI 2 , 68*87 per cent. The behaviour of mixtures of chlorine 
and sulphur monochloride has been previously discussed. E. Beckmann found that 
the mol. w't. of the monochloride in liquid chlorine or bromine is normal. G. Chevrier 
found that sulphur monochloride dissolves bromine and iodine, and that the soln. 
boil below’ Idb"", ?. Hautefouille found that hydriodic acid reacts with sul])hur 
monochloride at ordinary temp., forming hydrochloric acid, iodine, sulphur iodide, 
and finally hydrogen 8 ul]>hi(le. H. Feigcl found that a benzene soln. of sulphur 
monochloride after a month’s action on meroorotlS chloride at ordinary tern}),, 
fornis a little mercuric chloride ; CUprons chloride forms a little cupric chloride and 
sulphur. Sulphur monochloride in the presence of water transforms Cupric chloride 
into cupric sulphide, but lead chloride under similar conditions suffers no 
change. 

H. Rose, C. F. Bucholz, and A. B. Berthollet observed that sulphur monochloride 
dissolves a large proportion of solphor, especially when heated ; it then forms a 
syrupy liquid from which, on cooling, sulphur continues to 
sej)arat 6 for weeks. When^ saturated at ordinary temp., the 
soln. has a sp. gr. 1*7, and contains 8:C1=:^4: 1 . The f.p. 
and b.p. of the mixtures are indicated in Figs. 135, 136, 

T. M. Lowry and co-workers gave Fig. 139 for the 
solubility curve of sulphur in sulphur monochloride 
supra. D. L. Hammick and M. Zuegintzov found the solu¬ 
bility of sulphur in the monochloride to be greater the higher 
the temp, to which the sulphur has been preheated. It is 
thought that the solubility curves indicate the formation of 
a sulphur tetriUuiwhhride, 84CI2, and is not due to a change in 
the inner equilibrium of the dissolved sulphur. Observations were also made by 
H. Acker. H. Rose found that hydrogen sulphide reacts with the monochloridc, 
forming hydrogen chloride and sulphur : SgCl24“H2S=3S+2HCl, while U. Antony 



Fio. 139.—Solubility 
of Sulphur in Sul¬ 
phur Monochloride. 
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and 6 . Magri showed that with the liquid hydrogen sulphide, a red solo, is formed. 
G. N. Quam and J. A. Wilkinson found the sp. conductivity of a sat. soln. of the 
monochloride in liquid hydrogen sulphid<' to be 10*340 X 10 ^ mhos. H. Prinz found 
that liquid sulphur dioxide and sulphur monochloride are completely miscible at 
ordinary temp., and that they do not act on one another even at lOO"". H. Debus’s 
observations on the action of sulphurous acid are indicated above. A. Besson and 
L. Fournier observed that in the absence of an electric discharge sulphur dioxide 
slowly reacts with the monochloride at 160^ to 170"^, forming sulphur and sulphuryl 
chloride. L. Carius said that when heated with calcium s^phite, sulphur mono¬ 
chloride furnishes calcium chloride and sulphur dioxide. W. Spring and A. Lecrenier 
assumed that when potassium sulphite acts on the sulphur halides, as many mols. 
of potassium sulphate are formed for every molar proportion of free halogen, and 
hence inferred that 6*7 per cent, of the elements of sulphur monochloride are present 
in the free state, a conclusion not very acceptable. H. Rose found that when cooled 
below 0'^, 5 mols. of sulphur trioxide vapour are absorbed per mol. of the mono- 
chloride, forming a brown liquid which turns yellow and from which the sulphur 
trioxide separates in the crystalline form. The resulting com])lex may be a mi.xture 
or sulphur pentahydrosulphatochlorkle^ S 2 CI 2 . 5 SO 3 . If the brown soln. be ke})t for 
24 hrs. in a closed vessel at 0“, it regains its yellow colour provided the sul])hur 
trioxide is not in excess. At temp, below no sulphur trioxide es(*apes, hut a few 
degrees above that temp., the gas is vigorously evolved. When the liquid is heated 
in a retort, it soon boils with the violent evolution of sulphur dioxide, and if the 
sulphur trioxide be not in excess, the evolution of sulphur dioxide continues as the 
temp, gradually rises. Between 30® and 40®, sulphur monochloride passes over, 
then an admixture of pyrosulphuryl chloride, and lastly, at 145®, the pyrosulphuryl 
chloride alone is evolved. The admixture can be separated by fractional distilla¬ 
tion. When sulphur monochloride is treated with a large excess of sulphur trioxide, 
a thin blue liquid is formed—or a solid if a very great excess of trioxide is used. 
The mixture becomes colourless when heated, forming a mixture of pyrosulphuryl 
chloride with an excess of sulphur trioxide. If heated still more, the trioxidc 
passes over first, then an admixture with pyrosulphuryl chloride, and lastly, pyro¬ 
sulphuryl chloride alone. The blue colour is due to an admixture of sulphur from 
the monochloride with the trioxide. H. Rose also found that sulphur mono- 
chloride, saturated with chlorine, absorbs the vapour of sulphur trioxide until 
sulphur trioxide begins to crystallize out from the liquid. The liquid slowly 
crystallizes. The crystals.can be kept a long time without change ; they fume in 
air ; and explode when thrown on water, forming sulphuric and hydrochloric acids. 
Analyses agree with SClg.SOSOs. There is here nothing to show that the product 
is anything but a mixture of, say, sulphuryl chloride and sulphur trioxidc. 
According to M. Brault and A. B. Foggiale, when a mixture of the vapours of 
sulphur monochloride and solphurio acid is passed through a red-hot tube, sulphur, 
sulphur dioxide, hydrogen sulphide, hydrogen chloride, and chlorine are formed. 
B. Rathke found that the monochloride reacts with sclciiilllll) forming sulphur and 
selenium monochloride. F. Krafft and 0 . Steiner, and J^. W. E. Maclvor ftbserviMl 
that with an excess of telluriam the dichloride is formed ; while V. Lenher found 
that an excess of tellnriom dioxide forms the dichloride: Te 02 +S 2 Clo-^Te('U | S 
+SO 2 and an excess of sulphur monochloride, the tetrachloride : TeOo 4 
-TeCl4+S02+3S. 

According to M. Ma^ns, ammonia gas reacts with sulphur monochloride, 
forining sulphur tetramminochloride, 82 CI 2 . 4 NH 3 , which, when treated with water, 
furnishes sulphur and ammonium chloride and thiosulphaU\ A. K, Macbeth and 
H. Graham observed that chloroform soln. of sulphur monochloride and ammonia 
react: 6S2Cl24~16NH3=N4S4+12NH4Cl-(-8S—the nitrogen tetrasulphide (?.v.) is 
precipitated by alcohol and the mother-liquor yields nitrogen pentasulphida and 
hexasulphamide, S(i(NH 2 ). A. Leboucher observed that phospliorcui readily dissolves 
in sulphur monochloride at 12®-15®, and more is dissolved at 25®~30®—at 30'', 
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!()() grms. o£ the inonochloridc can clis,s(iiv<* ,06*50 grius. of [>hooj)liorus. Accc^rdiuj; 
to H. F. Gaultier de (laubry, phnsplnu'iis withdraws cliloriuc frtun the oiouo- 
eliloride f)rodiicin^ a rise of tenij), of 10 , and on distillinu tli<‘ lujuid, phosjjliorus 
trichloride distils over, and suJjijnn remains. P. Wohler observed that sulf>hiir 
monochloride readily dissolves ]>hosj)hoi‘Us with a rise of temp, and forms a pale 
yellow liquid, wdiieh, when C(M)led, de])osits phosj)horus comaLnnat(*d with sul]»hur, 
and which, when heated, boils explosively. If pieces of pliosphorus be added to 
warm sulphur luonochlorich*, sulpiiur js dcqwjsited, and phosph(;rus trichloride nid 
Hulphochloride are fornn'd ; (in rontraur, if sul[)hiir monoclilondc be dropped into 
molten phosjihorus, jjliosphorus trichloride ami a yellow^ sulibrnate (d p}ios[/h<niJs 
sulf)hide are produced, and red pliosphorus remains behind. G. ('lievrier said that 
if the phosjihorus be not in ex<*ess, phos}>horus sul]>hochlorid(‘ and sulphur are 
formed. K. ilandrimont observed that with phosphorus trichloride the product 
after fractional distillation furnisiied crystals, wdiich G. ('hevricr >aid wa re tiiose 
of thiophosphoryl (ddoride : 3P(1;j t SoG].^ - Ih'lr, t 2PSCl,^. A. Micha<*lis heatisl 
phosphorus trichloride and sul])}mr monochlori<le m a sealed tubt* at 160 ", and 
obtained phosphorus pentacdiloride, and sulphocliloride : SA Aj,- 7 -^PGI.^ 2 lhSGl j 
d-Pfdr,. 11. Prill/ said that phosphorus pentoxide does not jirofliua* tluony! 
chlorid(\ A. ladioncher found that at ordinary tmnp. arsenic has no action on 
sulphur niomxdiloride. F. Wohler, (x, Ghevrier, and M. jM. i* Muir found that witli 
ar.sfmic, sulphur, and arsenic trichlorkh* are formed: dS.^GL ^- 2 As—2As( 1;^ - 68 ; 
and F. WdhhT, and (G Glu'vrier ob.served that antimony Ix'havcs simijariy. 
A. Loboucher said that the en(Tgeti(‘ nature of the action of iiipdd sul[>liur mono¬ 
chloride on povvden‘d antimony i.s des plus remarquahles. Accordin/^t Gddo 

and E. 8 t*rra, wduui arsenic trioxide and wsuliihur monochloridc arc hcatccl together 
in a reiiiix ajiparatus, they react according to the equation : As^O^-t f>l^:iGL ~ l.V.-iGl.^ 
I reaction is complete in about an liour, and on cooling, ncarh all 

the sul{)iiur formed crystailiz('s out and the arsenic trichloride can be separated by 
decantation. An analogous changi* occurs when antimony trioxide is mnpioy(*ii. 
H. l^rinz obsm-vcHl that no thionyl chloride is formed wh(*n the monochlonde acts 
on arsenic trioxide or antimony trioxide, or on antimony pentoxide. G. Oddo and 
E. Serra oliserved that bismuth OXide behaves like arsenic trioxide. L. Wohler 
found that arsenic disulphide, or arsenic trisulphide, reacts with sul])hur mono- 
chloride, forming arsimic trichloride and sulphur ; similar results were obtained 
with black antimony trisulphide. A. Leboucher, and H. Feigtd also observed that 
the sulphides of arsiuiic and antimony are mergetically attacked at orrlinary temp. 

A. JAdioiicher ohserviid no action betw^eeii carbon and sulphur chloride at 
ordinary temp, or at a red-heat. E. Loraiul studied its action on petroleum 
hydrocarbons. J. Davy observed that sulphur iiioiiot hloride dissolves carbonyl 
chloride ; and A. B. Berthollet, that it readily mixes with carboil disulphide. 
A. Muller and H. Dubois stated that carbon disulphide reacts with sulphur mono- 
chloride, {larticularly in the jiresence of nudals or the metal chlorides r.q. iron, 
or ferric chloride - according to the eipiation : G 8 *^-j- 282 C’l 2 --l’^'U -(>► 8 . R. Schneider 
found that silver cyanide reacts with a soln. of sulphur monochloridc in carboa 
disulphide, forming crystals wdiich rapidly decompose into cyanogen sulphide ami 
xanthane. Organic compounds containing oxygen form suliihur, hydrogen chloride, 
sulphur dioxide, and organic chlorides with traces of suljihides, and unsaturated 
organic compounds, free from oxygen, yield addition jiroducts. Thus, F. Guthrie 
found that ethylene furnishes ethylene disulphochloride, and similarly w ith amylene. 
The reaction was studied by W. J. Pope and fellow-workers, and by J. 3. Conant 
and co-workers. E. Loraiid found that sulphur monochloride reac ts vigorously 
with uusaturaled compounds. W ith normal paraftin hydrocarbons the reaction is 
slow even upon heating, but side-chain paraffin hydrocarboiivS react more readily. 
The reaction is accompanied by the formation of })olymerizatioii juodiicGs and the 
evolution of hydrogen chloride, and it is suggested that, in the case of })arathns, 
cthylenic linkings are formed, whilst ethylenic compounds yield two hydrogen 
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atoms to form hydrogen chloride with the formation of a triple linking. P. Fried- 
lander and A. Simon examined the action of sulphur raonochloride on anthracene. 
L. Carius represented the first stage of the reaction with alcohol: S2CI2+C2H5OH 

C2H5SH+SOCI2; and the second stage: 4C2H5SH4-3SOCI2—2C2H5CI 
+SO(OC2H5)2+6S-f 4 HC 1 . J. B. A. Dumas said that the monochloride dissolves in 
ether when first mixed, but afterwards decomposes with a slight evolution of heat, 

G. C. Chakravarti, and B. Holmberg found that mercai^tans react with sulphur 
monochloride, forming polysulpkides. W. Heintz, L. Carius, A. Rossing, and 

H. F. Morley studied the formation of dichlorhydrin by the action of sulphur 
monochloride on glycerol, which A. Claus represented by C 3 H 5 (OH) 3 + 282 Cl 2 
=:=C 3 H 5 (H 0 )Cl 2 + 2 HCl+S 02 + 3 S; with glycoL ethylene chlorhydrin is formed: 
2 C 2 H 4 (OH) 2 + 2 S 2 Cl 2 -- 2 (^ 2 H 4 (OH)Cl 1-21101+802+38. K. G. Naik and C. 8 . Patel 
studied the action of sulphur monochloride on organic acid amides ; G. C. Chakra¬ 
varti, and 8 . Ishikawa, on thioamides ; L. Cassella, aromatic amines ; A. Leboucher 
said that essential oils —citron, turpentine, and lavender oils—are energetically 
attacked by sulphur chloride; there is a rise of temp., white fumes, probably hydrogen 
chloride, are given olf, no sulphur is deposited, but the essence thickens, forming a 
yellow, gum-like mass. The fatty oils —c.igr. olive oil—are also attacked with a 
considerable rise of temp., no gas is given off, no sulphur is deposited, and the mass 
Solidifies on cooling. The vulcanizing action of sulphur monochloride on rubber 
was discus.sed by C. A. Fawsitt; when rubber is dipped into a soln. of sulphur 
chloride in carbon disulphide, it is vulcanized by a small quantity of sulphur 
replacing hydrogen—and the evolution of hydrogen can be jilainly seen by using a 
cone. soln. of the chloride. M. M. Richter observed that in some cases sulphur 
monochloride reacts towards organic compounds as if it were a mixture of sulphur 
ditrilachloride, S 3 CI 2 , and the dichloride: 282012 “ 8 Cl 2 + 83 C’] 2 . Thus, with 
^ 9 -chlorophenol it forms S(HO.CeH 301 ) 2 , and 83 (HO.CeH 3 Cl) 2 . P. P. Budnikoff and 
E. A. Shiloff found that 40 per cent, of silica is converted to silicon tetrachloride 
when 40 grms. of sulphur monochloride act on 5 grms. of silica at lOOO'^. 

E. Baudrimont found that when heated with the metalSy sulphur monochloride 
furnishes chlorides; sodium and magnesium are not so easily attacked; aluminium, 
tin, and mercury are readily attacked ; zinc, iron, nickel, and copper are slowly 
attacked. F. Wohler, also, observed that copper, zinc, iron, and nickel are only slowly 
attacked. E. F. Smith and V, Oberholtzer observed that tungsten forms a complex 
chlorosulphide, and similarly with molybdenum. N. Domanicky found that the 
reaction between sulphur monochloride and the metals is favoured by the presence of 
dry ether, with which the metallic chlorides form complexes, and so enhance the 
thermal effect of the reaction. Under these conditions, magnesium, zinc, aluminium, 
tin, iron, mercury, and gold are readily converted into their chlorides or etherates 
of the latter. On the other hand, the alkali metals, calcium, cadmium, thallium, 
lead, manganese, cobalt, nickel, copper, silver, and platinum react either not at all 
or with extreme slowness. The metals which do react either (i) give chlorides which 
readily form etherates, as is the case with zinc, aluminium, tin, and bismuth, or 
(ii) give chlorides which are readily fusible and volatile and approximate in their 
properties to the chloro-anhydrides ; in correspondence with the latter, the higher 
chlorides are mostly formed, for instance, ZrCl4, FeCl®, HgC^. Univalent metals 
do not react, and bivalent metals (excepting mercury), if at all, react with far greater 
difficulty than ter- and quadri-valent metals. It is probable that other metals, 
giving volatile higher chlorides, such as titanium, germanium, and the like, 
also react readily with sulphur chloride and ether. P. Nicolardot observed 
that ferrosilicon, ferrotitanium, and ferrochromium are opened up in this way. 
G. Ohevrier said that boiling sulphur monochloride does not attack sodium; at 
ordinary temp., potassium is slightly attacked, but when the liquid is wanned, 
une violente ditonation is produced; A. C. Youmasos reduced the monochloride 
in the form of vapour by heated potassium: S2CI2+4K—2KCI+K282. G. Chevrier 
found that tin is vigorously attacked: Sn+S2C4=SnCl2+2S; and when agitated 



SULPHUR 


043 


with mercury, a vigorous action occurs, and mercuric chloride is formed—if the 
sulphur monochloride be in excess, mercurous chloride is formed. A. Lebouchcr 
found that sodium, potassium, copper, silver, zinc, mercury, tin, and lead form 
sulphides and chlorides, while platinum is not attacked by boiling sulphur mono- 
chloride. According to E. H. Harvey, cobalt and chromium were not affected 
by sulphur monochloride ; the change with nickel, cadmium, lead, and silv(^r was 
small; but aluminium, copper, arsenic, antimony, and manganese were badly 
attacked at room. temp, after a year’s exposure, A. Leboucher observed no action 
on the metal oxides at ordinary temp,; with many metal sulphides there is no 
perceptible action at ordinary temp., but sulphides of iron and l(‘ad are fo(d)ly 
attacked. IL Feigel found that a boiling benzene soln. of sulphur monoehloride 
slowly reacts with zinc sulphide, forming a complex compound of zinc chloride and a 
thiophenyl-derivative; similar results were obtained with bismuth, lead, and calcium 
sulphides ; silver sulphide forms some silver chloride and sulphur; mercury suljdiide 
forms a sulphochloride, Hg(SCl )2 ; and stannic sulphide forms the chloride. 

According to 0. Ruf! and H. Golla, aluminium chloride forms with aulphur 
monochloride the complex aluminium tetrasulphoheptachloride, AICI 3 . 2 S 2 CI 2 ; 
when heated, aluminium SUlphopentachloride» AICI 3 .SCL, is formed; when the 
original mixture contains free sulphur in the correct proportions, and is heated in a 
sealed tube, aluminium hexasiUphoheptachloride, Al( 1 .}. 2 S 3 C l 2 , and aluminium 
octosulphoheptachloride, AICI 3 . 2 S 4 CI 2 , are formed, and when the latter is extracted 
with carbon disulphide, aluminium tetrasulpbotrichloride, AKI 3 28.,, is formed, and 
a prolonged extraction leaves aluminium disulphotrichloride, AICI 3 .S 3 . If aluminium 
is heated with sulphur monochloride, aluminium trisulphotrichloride, AK’l.i S 3 , 
is formed. According to G. Oddo and U. Giachery, the reaction, 2 HgO-(- 2 S 2 ^\> 
' “ 2 HgCl 2 +S 02 + 3 S, occurring when mercuric oxide is added gradually to sulphur 
monochloride, proceeds with greater rapidity and is accompanied by the develoj) 
ment of a large amount of heat. The yield of mercuric chloride is almost tlieoretical. 
The vapour of sulphur monochloride passed over many heated and metal oxides or 
minerals “ opens ” them up for analysis so that they are accessible to the usual 
solvents— e.g, R. 1). Hall, E. F. Smith, and H. B. Hicks opened up the oxides of 
columbium, tantalum, titanium, aluminium, and iron ; and in consequence the 
process can be used for preparing the volatile metal chlorides from the oxides; 
silica and boric oxide are not affected, but chromic oxide is slowly attacked. 
P. P. BudnikofE and E. A. Shilolf said that at 1000 ° about 40 per cent, of silica 
is converted to silicon tetrachloride in an hour. F. Bourion, and E. Defacqz 
opened up tungsten oxide, zirconium oxide, thorium oxide, and the rare 
earth oxides; R. W. E. Macivor, and V. Lenher, the native tellurium minerals; 
F. Wohler, and E. Baudiimont, stannous sulphide; and H. Rose, cinnabar. 
E. F. Smith opened up the oxides of tantalum, columbium, tungsten, tin, zirconium, 
vanadium, molybdenum, and tungsten as well as the minerals wolframite, scheelite, 
and columbite. Stibnite, chalcocite, arsenic trisulphide, arsenopyrito, chalcopyrite, 
cinnabarite, tetrahedrite, marcasite, and pyrites are decomposed at 140° ; linnaeite, 
millerite, gersdorffite, and rammelsbergite are decomposed at 170°; cobaltite, 
smaltite, and ullmannite are decomposed at 180°; sphalerite, and galenite are 
decomposed at 250° ; and molybdenite at 300°. P. P. Budnikofi and E. A. ShilofE 
obtained phosphorus trichloride by the action of sulphur monoehloride on calcium 
phosphate at about 1000 °. 

Sulphur monoehloride is used in the vulcanization of rubber ; as a chlorinating 
agent in organic chemistry— e.g, in the manufacture of mono- and di-chlorohydrin; 
as an opening agent for some minerals; and F. von Konek described its use in the 
preparation of some sulpho-dyes. J. Vosseler suggested its use as an insecticide ; 
and L. de Bigaud, in the extraction of gold. 

A. B. Berthollet observed that the chlorination of sulphur occurs in two stages— 
the first product is orange, the final product is red. J. B. A. Dumas showed that 
vapour aensity determinations, and analyses agreed with the respective formulae 
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di\i[ SCL. .1 li. A. i)iiiiia^, ah<l E. Souboirau prepared SUlphur dichloride, 
by pa.vsin^^ dry clilurint^ in rxeehs for luuny ilays over floweirs of sulphur, and 
distilling the liquid la tweeii GO tOid 7()^. The distillate eontaiiis some sulphur 
monoc'hloride, and it i.^ Ksdified by repeated distillation in a eurrent of chlorine, 
d. Dalziel and T. E. Thor])(\ T. and 11. HiibruT and A. Cuerout saturated 

Avclhcooled sulphur inouoclilonde with chlorine, and expelled the excess of 
clilorine hy the pa^sai^e of a tin rent of dried carbon dioxide for many hours. 
L. Carius used a soiiK'what similar process. E. Beckmann warmed a sola, of sulphur 
monoohloride in Inpiid chh'rino .it room temp, and froze from the soln. a product of 
this composition. According to \V. ,1. Boj^e ami C, T. Hcycock, thti employment of 
one }>er cent, by weiglit id finely po\\dere<l aiisorbent charcoal as a catalyst greatly 
facilitates the leaction ]>et\\(‘en chlorine and sul})hur monochloride ; and similarly 
^\ilen siilpliur dichloride is exposed to conditions which lead to its docoiuposition 
into chlorine and inonochldride, n^eoinbination is facilitated liy similar means. 
Analyses made liy H. L>a\y, J. Jk A. Dimias, L. Carius, J. Dalziel and T. E. Thorpe, 
iind JI. Hiibner and flueront a<i:re(*d witli the formula SCJo. E. Beckmann (uid 
E. dunker calculated 117 for mol. wt. from the eifect of the dichloride on the b.]). of 
(\irbonyl chloride; 147, with <‘thyl chloride; and 226 with sulphur dioxide. 

Costa, from the ciFect of the dieliluride on the f.]). of acetic acid, gave 103 for the 
mol. wt., and 97 to 103 from its offect on the f.]). of benzene ; whilst E. Beckmann 
ol)taim‘d 99 to 103 from its effect on the f.j). of sulphur monochloride. The value 
(aleulated for SEL is 103. E. Beckmann said that the mol. wt. deduced from its 
effect on the b.p. and f.]). of liquid chlorine agr<‘es with the formula SCI 2 . G. Oddo 
also found that the <'tf<‘ct on the f.p. of benzene, and t)ie b.p. of benzene and carbon 
tetrachloride, agree with this formula. It is supposed that some of the dichloride 
may be practical!}' decuu]pos(‘d in the hot soln. : 2 SCL. nS 2 Cl 2 +Cl 2 ; 5 SCl 2 ~ 2 S 2 C'l 2 
-f-SCl 4 -f-Clo ; or 17SCIo 8 S 2 Cl» ^SCl^ f 7CL. E. B, R. IVideaux represented the 
eh*ctronie structure : 


There has been some discussion as to tin* n*al existence of sulphur dichloride 
because L. Carius found that the amount of chlorine contained in the liquid over 
and above that required ])v the formula is altogether dejiendent on the temp., 
and he assumed that the product analyzed by J. B. A. Dumas, etc., was really a 
mixture of S 2 Cl 2 d-SCl 4 , the latter component had not been at that time isolated. 
J, Dalziel and T. E. Thorjie, however, added that it is not likely that the results by 
H. Hiibner and A. (buTonlt and themsiGves ran be the results of an accidental 
coincidence. The mol. wt. detiTininations of the mixture SsCE+CE would be 
reported the same as of 2 »Sri 2 . Jl. Rose reported complexes 2 A 8 CI 2 .SCI 2 , and 
F. Guthrie, complexes and J. Dalziel and T. E. Thorpe showed that 

when the jiroduct of the action of chlorine on sulphur boiling below 136° is distilled, 
only a small proportion collects at that temp., but at each redistillation, the liquid 
becomes lighter in colour, and finally, by a Jong-continued ebullition, it assumes 
the bright yellow tint of monoehloride and boils at J36°~137°. Hence some com¬ 
pound of chlorine and sulphur is present in addition to the monoehloride, and it is 
only decomposed very slowly on distillation to form the monoehloride. As indicated 
above, A. H. W. x\ten, and T, M. Lowry and G. Jessop obtained definite evidence 
of the existence of the dichloride —vide Fig. 136. F. Isambert found that the vaj). 
press, of soln. of chlorine in sulphur monoehloride, between 4 ° and 10 °, vary con¬ 
tinuously with the amount of chlorine dissolved, and show no evidence of chemical 
combination. At lower temp. A. Michaelis and 0 . Schifierdecker obtained evidence 
V tetra- and di-chlorides. A soln. of monoehloride at ~-22° 

absorbs chlorine to form sulphur tetrachloride, and as the temp, rises, the liquid 
bmls, and gives off chlorine. They estimated that at --- 22 ° the liquid contained 
100 per cent, SCl^, at 0-7^ 8*87 per cent. SCI 4 and 9M3 per cent. SClg; at 20°, 
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no SCI 4 , 93*45 per cent. SOL, an<l 6*55 per cent. S./Jh . and at 130 , 110 or 
SCI 2 , and 100 per cent. S^CL. T. Costa, H. Hubner ami A. Gueroult, K. Beckmann, 
3. Dalziel and T. E. Thorpe, and A. H. AV. Aten consi(l<*r that the existence of this 
compound has been proved, while H. Rose, J. Ogier, Jj. Cariiis, G. Chevri<T, and 
F. Isambert denied its existence. 11. Rose based his objection on the variable 
composition of tlie red product; F. Isambert, on the variable vay). press,; aiid 
J, Ogier, on t}i(‘ small h(‘at of formation ; and it has been said that from the 
work of O. Ruff and G. Fischer, Fig. 136, on pent enjin considercr comwr dffuudf. 
A. H. W. Aten based liis ojiinion on the fact that the comjiosition of th*‘ 
liquid and vapour phases became almost identical as the composition a])proac]ied 
S 2 CI 2 , diverged widely on either able ; and again a])[>roached one anotlier as the* 
composition approached that of the dichloride—provided time is allowed for eond)!- 
nation to occur—Fig. 136. He therefore postulated the equilibrium 3S(1v S.d'l, 
I- 8 CI 4 with a temp, coeff. so large that the system deposited St'lo at 0 ami Sf'lj^ at 
--30^. T. M. Lowry and eo-w'orkers’ f.p. curvx—Fig. 130- ‘showed the (Conditions 
of existence of 8 ul[>hiir dichlorido ]>rovided that the elements have suflicient timt‘ to 
interact and assume the e(}mlibrium condition. The dichloride can ]>e recrystallized 
from light petroleum of b.]>. and f.j). —147'^ by c(X)ling the soln. with liquid air. 
R. P. Bothamley observed that the reaction can be greatly ac(‘elerate(l hy the 
addition of 0*5 per cent by w^eight of antimony pentaciiloride. The reaction : 
^ 2 ^ 12 +comjdeted in about an hour at 19°. There is a period of induc¬ 
tion, and the reaction is photochemical, for it jiroceeds rapidly in direct sunlight. 
M. Bergmann and I. Bloch said that in the formation of trisulphides of benzoic and 
arsenic acids by tln^ action of bulphur dichloride on the potassium salts of the 
thio-acids the sulphur dichloride behaves as a chemical individual. If the dichloride 
w'ere a mixture of chlorine or of chlorine and siil])hur tetrachloride in suljihur 
monochloride, the action of p(^tassium thiobenzoat(‘ should yield a mixture of 
benzoyl di- and tetra-sulpludes which might be mistaken analytically for the 
trisul])hide, but the f)hysical j>roperties are quite different. 

Sulphur diciiloride is a dark brovmish-n^d liquid which fumes in air, and lias a 
smell more resembling chlorine than is the case wdth sulphur monochloride ; and, as 
indicated above, it can be obtained in crystals. T. Thomson said that it tastes 
sour, hot, and bitter. J. B. A. Dumas gave 1*620 for the specific gravity of the 
liquid ; A. E. Kretoff, 1*622 at 20720''; and T, (’osta, 1*64819 at 15*4°. E. Rabino- 
witsch studied the molecular volume —69. J. B. A. Dumas said that the dichloride 
evaporates without decomposition, but R. F. Marchand observed that when 
sulphur dichloride is heated, it behaves like a mixture of chlorine and sulphur 
monochloride, giving off chlorine. L. Carius, and R. F. Marchand did not obtain 
a constant boiling product between 78° and 139°, but at the latter temp, sulphur 
monochloride distilled over. G. Chevrier ob3(»rved similar results under a reduced 
press. R. F. Marchand said that sulphur dicbloride at first boils at 50°, and gives 
off nearly pure chlorine, the b.p. then rises to 64° when the composition of the 
liquid approximates SCI 2 . J. B. A. Dumas found the vapour density to be 3*7 
coiresponding with 3*56, the value for a mixture of equal vols. of chlorine and 
sulphur monochloride. W. Spring and A. Lecrenier estimated from its action on 
potassium sulphite— ride supra, sulphur monochloride—that 9*45 per cent, of its 
elements are in the free state. For the melting point, vide Figs. 135 and 136. 
For the action of heat on soln, of chlorine and sulphur monochloride, iride supra, 
and also the observations of F. Isambert, J. Dalziel and T. E. Thorpe, and 
A. Michaelis and 0. Schifferdecker, H. Becquerel gave 0*932 for the magnetic 
rotatory power, and 1*6190 for the index of refraction with Na-light; T. Costa, 
1*57169 for the //a-linc, and 1*57806 for the Na-line ; and F. F, Martens, 1*566 
and 1*560 r<ispe<'tiv(dy for the F- and TLlines. For the absorption spectra, vid^ 
supra. 

R. F. Marchand observed that sulphur dichloride evolves c hlorine when exposed 
to sunlight. M. Martens said that the dichloride reddens dry blue litmus paper, 
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but H. Davy contradicted this statement. As shown by A. Leboucher, many of the 
properties of the supposed sulphur dichlorido resemble those of the monochloride. 
H. Rose found that the dichloride is slowly decomposed by water, forming hydro¬ 
chloric and thiusulphuric acids ; some sulphur also separates and a little sulphuric 
acid is formed. E. Solly found that the dichloride dissolves iodine, forming a deep 
red liquid which does "not conduct electricity. P. Jaillard obtained a complex: 
iodine snlphoctochloride, 2 ICI 3 .SCI 2 . A. Leboucher found that the dichloride 
dis.solves a little more sulphur than the monochloride. Ij. Carius observed that the 
dichloride acts on potassium sulphate at 150^-160®, and on lead sulphate at 100®, 
forming sulphur dioxide, the metal chloride, sulphuryl chloride, and, if the temp, be 
nut too high, sulphur monoohlonde. J. B. A. Dumas found that with aq. ammonia, 
sulphur, nitrogen, and ammonium chloride are formed. R. Schenck showed that 
some nitrogen tetrasulphide is formed; 6 SC] 2 + 16 NH 3 =N 4 S 4 -h 2 S+ 12 NH 4 Cl. 
Observations by M. J. Fordos and A. Gelis, O. Ruff and E. Geisel, etc., on this subject 
are indicated in connection with nitrogen sulphide. E. Soubeiran observed that 
complexes are formed with ammonia gas— e.g. what he called chlorure de soufre 
ammoniacal, or sulphur diamminodichloride, SCI 2 . 2 NH 3 , in brown ffecks which are 
non-volatile—M. Martens said the compound is volatile. It does not redden litmus ; 
it IS coloured yellow at 110® and forms ammonium chloride, and what he called chloro- 
sulfure snlf(izohqu(\ N2S3 SClo, it is (leeoriiposed by water ; and dissolves in absolute 
alcohol or ether. He also obtained lemon-yellow flecks of ddorure de sou/re biarmm- 
niacal, or sulphur tetrammiuodichloride, SCLANHs, which is slightly soluble in 
anhydrous alcohol or ether and is thereby decomposed. It loses ammonia when 
heated, forming nitrogen, sulphur, ammonium chloride, and nitrogen sulphide. 
When treated with cold water nitrogen sulphide separates out and subsequently 
decomposes. M. J Fordos and A. Gelis regarded these ammines as mixtures. 

A. Leboucher said that phosphorus dissolves in sulphur dichloride more readily 
than in th(‘ monochloride. T Thomson found that nitric acid converts the dichloride 
with violent effervescence into In^drochloric and sulphuric acids ; the dichloride 
dissolves phosphorus, forming an amber-coloured liquid. H. Rose said that the 
dichloride forms a complex with arsenic trichloride. J. Davy said that the 
dichloride absorbs carbonyl chloride. The dichloride froths up violently wdien 
treated with alcohol ; and J. B. A. Dumas observed a similar result with ether. 

B. Holmberg studied the action of the dichloride on mercaptan. Organic com¬ 
pounds containing oxygen were found by F. Guthrie to be more readily attacked 
than is the case with the monochlonde ; and wdth unsaturated organic compounds, 
addition products are formed. J. B. A. Dumas reported that when a piece of 
potassium is dropped into half a gram of the liquid dichloride, a red light is 
often produced after about 40 seconds, and an explosion bursts the containing 
vessel. When the vapour of the dichloride is passed over red-hot iron or OC^Ipor 
turnings the metal chloride and sulphide are produced with the evolution of light 
and heat. 

A. Michaelis and 0. Schifferdecker prepared what they regarded as sulphor 
tetrachloride, 8CI4, by saturating sulphur monochloride with sulphur at — 20 ° to 
— 22 ® ; the analysis of the product agreed with the formula. 0. Ruff obtained a 
similar ])roduct by mixing the required quantities of sulphur monochloride and 
liquid chlorine in a sealed tube, and opening it after it had stood for some days. 
The equilibrium conditions are illustrated by Fig. 135. The mobile, yellowish-brown 
liquid is rather redder in tint than sulphur dichloride. E. Beckmann said that the 
white powder begins to melt at —30®, and it is all liquid at —18®. A. Michaelis 
and 0. Schifferdecker found that the compound rapidly dissociates when the temp, 
rises from — 22 ® to —15®. 0 . Ruff and 6 . Fischer said that the tetrachloride melts 
at —30°, and as the temp, rises it gradually decomposes into sulphur monochloride 
and chlorine. The dissociation press, above the m.p. is only a little above one atm. 
Sulphur tetrachloride was found by A. Michaelis and 0. Schifferdecker to be deoom* 
posed with the formation of sulphur dioxide and the separation of sulphiir, and, added 



SULPHUR 


647 


0. Ruff, the hydrolysis is quantitative. .When treated with suljdmr trioxide, it 
forms thionyl chloride: vSCl 4 ~f 803-80012+80^ 4 ri 2 , and some pyrosulphuryl 
chloride appears as a result of the action of sulphur trioxide on the thionyl chloride ; 
sulphur dioxide has no action on the tetrachloride ; while chlorosulphonic acid acts 
at 0 "^ like 8 ul})hur trioxide, and below 0 °, it forms pyrosulphuryl chlorid(‘. 0. Ruff 
and G. Fischer could not make a compound of sulphur di- and tetra-clilorides. 
For K. Thiel’s observations on the action of sulphur tetrachloride on arsenic and 
antimony trifluorides, silver fluoride, titanium tetrafluoride, stannic fluoride, and 
hydrogen fluoride, vide supra, sulphur tetrafluoride. V. Auger and A. Bchal found 
that sulphur tetrachloride reacts with acetic acid : SCI 4 | 2 CH 3 (X)OH - 2 CH 3 COCI 
+SO 2 + 2 HCI. The constitutional formula may be : 8^X34, where sulphur 

is sexivalent. T. S. Moore regarded sulphur tetrachloride as an electrolyte, with 
the electronic structure : 


[ 


ci 

:c'l:8:Ci 



A number of eornjflex salts with sulphur tetrachloride have been desenlaMl. 
Thus, K. Weber pre})ared iodhie sulpkoJtepiacidoride, 1 (^ 3.804 ; O. Ruff, udiuv 
sulphodccacJilorule, 2 IC 13 . 8 C 4 ; L. Lindet, 70 /d suJphohvjilachloride, AUCI 3 .VSCI} , 
R. Weber, aluudnimn snJphodecaeldoride, 2 AICI 3 . 8 C 4 ; O. Ruff', aluminium mlpha- 
heptaefdoride, AICI 3 .SC 4 ; H. Rose, titanium sidphododecacldondc, 2TiC4-SG4 , 
O. Ruff and G. Fischer, titanium sulphoctochloride, TiC4*^^^U > Ruff, an impure 
zirconium suIphocJdoride ; H. Rose, W. T. Casselmann, and 0. Ruff and G. Fischer, 
stannic disidphododecaddoridc, SnC4.28C4; 0. Ruff, arsenin sulpliohcxafluatitra- 
cldoridc, 2 ASF 3 . 8 CI 4 ; 11. Rose, R. Weber, 0. Ruff and W. Plato, and 0. Ruff and 
G. Fischer, antimonp sulp/ioenneac/donde, ; and 0. Ruff, yer/'/c snlpho- 

Juptarldonde, Fe(l 3 . 8 C 4 . 0. Ruff observed that no eomjflexes w^ere obtained with 

antimony, tin, or titanium fluorides, or with the ehlorides of the uni- or bi-valent 
metals. H. Rose said that the complexes he studied were all ri'solved by water 
into sulphurous and thiosul}>hiiric acids, and that the latter was afterwards decom- 
})Osed into sulphurous acid and suljdiur. 
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N. de Kolossowsky, J<mm. Chim. Phys., 28. 363,1926 ; 2^. 66,1927 ; B. Neumann and E. Fuchs. 
Zeit. angew. Chem., 88. 277,1925; R. P. BothamJey, Trans. Faraday 8oc., 24.47,1928; K. G. Naik 
and C. S. Patel, Journ. Indian Chem. Boc., 1, 27, 1924; Jrnim. Chem. Boc., 119. 1166, 1921; 
S. Ishikawa, Brienee Papers, Inst. Phys. Bcsearch,2. 299, 1026; 8. 147, 1926 ; G. C. Chakravarfce, 
Journ. Chem. Boc., 128. 964, 192;i; New Jersey Testing Laboratories, U.B. Pat. So. 1464137, 

1923 ; L. Cassella, German Pai., D.B.P. 370864, 1923; M. Bergmann, Ber., 58. B, 979, 1920; 
M. Bergmann and I. Blo< h, ib., 68. B, 977,1920; T. S. Moore. Journ. Boc.. Chem. Ind.--€hem. Ind., 
42. 427, 1923 ; PL B. H. Prideaux, ib., 42. 672, 1923 ; P. P. Budnikoff and E. A. Shilofl, Joum. 
Boc. Chem. Ind., 42. 378, T, 1923 ; Mitt. Wise. tech. Arb. Ruseia, 18. 64, 1924 ; A. W. Rick, 
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Ziir Kcnminis dpt heteiogemn Gleickgewichte im system Schi( cfel-Chlor, Heidelberg, 1926; 
V\' T). Hawkins, Zeit. phys, Chem., 189. 047, 1928; E. H. Harvey, Ckem. Md. Enyq,, 084, 
J92R ; K. Thiel, Vermch zvr Darstellung eines lUchwcfelUtrafi'uorides^ Berlin, 1996; M. Trautz, 
Zdt. Elekiroch(m., 35. IIO, J929; H. L. Hammick and M. Zvegintzov, Jovin. Chnn. Soc,, 1786, 
J928 ; K. 1). Hall, Journ. Chem, Soc., 26. 124.3, 1904 ; H. B. Hicks, iL, 33. 1492, 1911 ; 

E. F. Smith, ih., 22. 289, J89H ; (). Loth, Bestimmmtq dir JHrJiie und inntren Reihung hoinogener 
Rystitnt der Ristandtnh (Idar tnid Schiajely Heidell)fTg, 1925; A. E. Kretoff, Joarn. Chem, 
Jnd. Moscow, b. 1268, 1928. 


§ 48. Sulphur Bromides 

A. J. Buliini ^ observed that sulphur dissolves in bromine, forming a reddish- 
l)rown, oily licpiid, ligliter in (jolour than bromine, and darker than sulphur mono- 
ehloride. This product, on ex])Oflure to air, gives ofT white 
fumes whieli smell like sulphur nionochloride ; it reddens 
dry litmus very feebly, but moist litmus is strongly reddened ; 
it IS slowly d<M'ompos(^d }>y cold water ; and with ])oiling 
water, the d(‘Composition is sometimes attended with a .slight 
exj>Iosion, forming hydrobromic, and sulphurous acids, and 
hydrogen sulj)hide. (Chlorine decomposes it into sul})hur 
chlori<ie and bromine. H. Hose thought that it is doubt¬ 
ful if l)romine forms a definite compound with suljdiur, and Portion of 

if any such compound exists, it is decomposed by heat. The of^Hrl^nmrand sTl 
dissolution of ])ieee8 of sulphur in bromine is not attended pimr. 
by any sensible rise of temj). When a sat. soln. of siil})hur 

in bromine, {prepared at ordinary temp., is distilled at a gentle heat, tlie deep red 
distillate contains 10-43 per cent, of sulphur; the fractions collected at succes¬ 
sively higher temp, contained 21-99, 72*41, and 81-98 per cent, of sulphur, while 
the residue in the retort consists of dirty brown sulphur containing a little 
bromine. 0, Ruff and (1. Winterfekl obtained the m.p. of mixtures of bromine 
and sul[>hur monobromide, and found for the following ]>ercentages of }>roniine : 

Br . 71-38 76-71 80-61 85-08 90-37 93-03 

M.p. . -39-5° -46'^ -62'* -36° -]7'r>'* -12-6° 

The eutectic at about -52® has approximat(*ly 80 per cent, of bromine. Mixtures 
containing less than 71 per cent, of bromine did not give accurate results because 
of the undercooling followed by the separation of crystals of sulphur. The curve 
is quite regular and shows no indication of the existence of sulphur di- or tctra- 
bromides, and a similar conclusion follows from the sp. gr., and vap. press, curves. 

C. Ldwig said that at ordinary temp, bromine dissolves about 30 per cent, of 
sulphur. Tliis corres[>ond,s with what is required for sulphur mouobroillide, 
82 Br«. </. Ldwig added that more sulphur is dissolved by bromine if the temp, is 

raised, but the exce.ss separates out on cooling. M. M. P. Muir mixed stoichio- 
metrical proportions of sulphur and bromine and by repeated fractionation obtained 
an impure monobromide with 70-39 instead of 71-38 per cent, of bromine. The 
monobromide is partially decomposed into its elements during distillation. Accord¬ 
ing to 0. RufF and M. Wenzel, the pure monobromide can be obtained by heating 
the required projxirtions of the constituent elements in a sealed tube at 100®. The 
garnet-red liquid was distilled in vacuo, in thoroughly dried vessels, and the mono- 
bromide w(41 protected from the moisture of the atm. E. Beckmann also obtained 
the inonobromide by freezing a mixture of the two elements; H. L. Snape, by 
heating sulphur dichloride with an excess of potassium bromide in a sealed tube ; 
and A. Besson, by heating thionyl bromide or chlorobromide in a sealed tube at 150 : 
480Br2--6Br -fSaBrs }- 2 S 02 . G. Korndorfer obtained it by the action of hydrogen 
sulphide on bromine "as a by-product in the preparation of hydrogen bromide. 

G. Korndorfer observed that sulphur monobromide is a ruby-red, oily, heavy 
liquid which does not wet the glass walls of the containing vessel; and, added 
M. M. P. Muir, it fumes slightly in air; it reddens blue litmus ; and has an odour 
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resembling that of sulphur monochloride. J. B. Hannay gave 2-62 at 4® for the 
specific gravity. As the sp. gr. of the mixed components is 2*515, the mixture is 
denser by O il than is indicated by the mixture rule ; there is therefore a 4*34 per 
cent, contraction on mixing the constituents. O. Ruff and G. Winterfeld gave 
2*6355 for the sp. gr. at 20® and 762 mm. press., and for mixtures containing 80*88, 
91*96, and 100 per cent, of total bromine respectively, 2*7896, 2*9650, and 3*1200. 
.T. B. Hannay found the sp. gr. of mixtures in the following molar proportions ; and 
the differences between the observed sp. gr. and those calculated by the mixture 
rule were: 



8.^: Br 

Sa ; Br 

a : Br 

S ; Br, 

S : Br^ 

8:Br4 

Sp. gr. 

2*293 

2*426 

2*628 

2*820 

2*880 

2*905 

Din. 

. OOU 

0065 

0*108 

0*160 

0*129 

0*125 


Kach increment of bromine doubles the increment in sp. gr. up to a maximum effect 
with S : Bio ; there is no sudden change at S : Br. I. 1. Saslowsky studied the con¬ 
traction which occurs when the rnonobromide is formed from its elements. The 
melting point is “40°. 0. Ruff and G. Winterfeld's observations on the in.p. of 

mixtures of bromine and sulphur are indicated above, Fig. 140. J. B. Hannay 
observed that except when the pro])ortion of bromine was very large, the mixtures 
would not freeze, but became thick like tar. It seems strange that mixtures of 
bromine and sulphur should remain liquid, below the temperature at which broraiiu) 
freezes, yet this is the case : in fact 8 Br is quite liquid when bromine is soWd. At 
temp, approaching —30° the mixture only becomes more viscid. Both 11. Hose, and 
J. B. Hannay observed that on distilling the litpiid obtained by mi.xing e(iui-atoinic 
proportions of sul[)hur and bromine, it decomjioses so that the first ]>art of the distil¬ 
late is nearly ])ure bromine, but the percentage of sulphur gradually increases with 
rise of temp. The li<iuid begins to boil at about 72°, hut the boiling point rises 
continuously till the b.p. of sulphur is attained. By taking portions of the distillate 
between two selected temp., a distillate of any desired com[)osition can l>e obtained. 
The largest proportion of the liquid distils over between 190° and 230° ; and if this 
portion be redistilled, it does not yield a definite fraction with a fixed b.p. 
M. M. P. Muir found that by submitting the ruby-red monobromide to distillation, 
it began to boil at about 60°, and the temp, rose steadily until it neared 190° ; it 
then slowdy crept up to 200 ° ; on reaching which point it again more quickly 
ascended to 220° ; the residue in the retort now became nearly solid. The fraction 
190° to 200°, collected separately, amounted to fully one-hali of the entire liquid. 
The analysis of this fraction gave numbers in fair agreement with S 2 Br 2 , but on 
redistilling this liquid, dried by contact wdth calcium chloride, it continued to 
decompose so that a fraction boiling a few degrees lower than the first fraction con¬ 
tained 8 per cent, more bromine. Hence, it was concluded that at ordinary temp, 
sulphur and bromine unite to form a compound SBr or 82612 ; that heat causes a 
gradual dissociation of the mols, of this substance, but that even at 190°, mols. having 
the above atomic structure preponderate in the vapour ; on removing the products 
of decomposition from the sphere of action, a further dissociation s(jts in, and these 
phenomena repeat themselves until the whole of the compound mols, are split up. 
If a current of dry carbon dioxide be passed for 6 hrs. at 15°, through a mixture of 
sulphur with more bromine than is needed to form the rnonobromide, the residue 
approximated fairly well with 82 Br 2 ; similar results were obtained at 50° and at 
90°. The gradual dissociation of the rnonobromide is illustrated by J. B. Hannay’s 
experiment in which air, at 16°, was passed through 5 grms. of the liquid mono- 
bromide, and the loss in grams measured after each passage of 4 litres per hour : 

1 23 4^078 9 10 hrs. 

00285 0*0282 0*0280 0*0275 00271 0*0203 0*0254 0*0246 0*0230 0*021 

The total loss after 12 hrs.’ treatment was 0*2985, showing that at 15° the monobro¬ 
mide can be completely dissociated in a current of air leaving a residue of sulphur. 



SULPHUR 651 

0. Rufi and G. Winterfeld found for the vapour pressure of soln. of sulphur in 
bromine: 

Br . 71-38 74-63 77-91 83-32 83*92 90-90 100-0 per cent. 

p . 2-9 22-6 39-0 73*2 80-0 126-2 174-6 mm. 

They observed that the monobromide can be distilled at 57®and 0-22 mm. press.; 
at 54® and 0-18 mm. ; and at 52-5® and 0-145 mm. press. W. Spring and A. Lecre- 
nier inferred from the effect of sulphur monobromide on potassium sulphite— vide 
supra, sulphur monochloride—that it contains 27-11 per cent, of bromine in the free 
state, and the amount dissociated is greater, the more the composition deviates 
from S 2 Br 2 . G, Oddo and M. Tealdi observed that the molecular weight calculated 
from the effect on the f.p. of phosphoryl chloride corresponds with S 2 Br 2 ; and 
E. Beckmann, and W. Einkelstein likewise from its effect on the f.p. of bromine. As 
indicated above, H. Rose observed that no semsible rise of temp, occurs when 
pieces of sulphur are dissolved in bromine ; J. B. Hannay observed that in the 
formation of S 2 Br 2 from its elements a little heat is evolved ; and M. M. P. Muir 
added that when sulphur is added to bromine, the solid floats on the surface of the 
liquid and in time sinks down and is dissolved with but a slight rise of temp., whereas 
if the mixture be well shaken the sulphur dissolves very quickly with a considerable 
rise of temp. J. Ogier gave for the heat of formation, from solid sulphur, 
(S 2 ,Br 2 )- U) 0, 2-0, and 1*8 Cals. res}>ectively, w ith gaseoiLS, liquid, and solid bromine. 
H. B(‘c<iuerel gave 1-7360 for the index ol refractiom and 1-942 for the magnetic 
rotatory power with red-light. 0. Ruff and G. Winterfeld found that for the ray 
of wave-length 782 rnm,, the index of redraction 2*6268 calculated from 
Sin-tt)l, w^here A - 1-62098, and a-*l® 30'. The absorption spectrum 
has a ])and in the red between 652 and 782 mm. with the maximum clearness at 
782 inm. J. B. Hannay found that with soln. containing S : Br in the molar pro- 
portioji 3:1, the spectrum of bromine above the liquid did not show the bromine 
lines below' 42® ; wdth the ratio 5 : 2, below' 33® ; 2:1, below 25® ; 4:3, below 
13® ; 1 : I, below 3® ; 2 : 3, below —7® ; and 1 : 2, the lines were visible at —18®. 
J. Plotnikoff found that a soln. of sulphur monochloride in bromine does not show 
any electrical conductivity. T. 8. Moore regarded sulphur tetrachloride as an 
electrolyte. 

M. M. P. Muir found that the pro])erties of sulphur monobromide are such as 
would be expected from a comparative survey of the compounds of chlorine and 
bromine with the noii-metallic elements, where the chlorides are more stable than 
the bromides, showing that chlorine exhibits a higher degree of chemical energy 
than bromine. J. B. Hannay found that when a thin layer of sulphur monochloride 
is exposed to air for a week so that moisture can act on it slowly well-defined, 
octahedral crystals of sulphur—soluble in carbon disulphide—are deposited. Hence, 
if M. Berthelot be right in stating that electronegatively combined sul[)hur should 
deposit amory)hous sulphur insoluble in carbon disulphide, it might he argued that; 
the sulphur was not chemically combined with the bromine. The argument 
has no weight. C, Lowig, G. Kornddrfer, and M. M. P. Muir observed that water 
decomposes sulphur monobromide into sulphur, and hydrobromic and sulphurous 
at'ids ; the action is slow with cold water, and rapid with hot water. J. B. Hannay 
found that the raonobromide reacts writh iodine monochloride, forming sulphur 
monochloride, and iodine monobromide. According to H. Rose, a soln. of sulphur 
in bromine copiously absorbs sulphur trioxide without changing its appearance ; it 
gives off no sulphur dioxide when distilled, and sulphur remains. The first distillate 
i.s a reddish-brown, fuming liquid which is freely soluble in water, forming bromine 
and hydrobromic and sulphuric acids; the later fraction is reddish-brown, and is 
liable to deposit sulphur but not to furnish free bromine. The liquid is slowly 
dissolved by w^ater, forming hydrol>romic and sulphuric acids. C. Lowig found that 
decomposes sulphur nmnobromide, forming nitrogei), sulphur, and 
ammonium bromide —vide sulphur monochloride. C. Lowig, and M. M. P. Muir 
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observed that nitric acid attacks the monubromide violently, forming hydrobromic 
and sulphuric acids. C. Lowig said that when tlie monobromide is distilled with 
phosphorus, sulphur remains in the retort, and phosphorus tribromide distils over. 
J. B. Hannay found that sulphur monobromide has no vi 8 i])le action on red })hos- 
phorus, but white phosphorus is dissolved with the evolution of heat; when the 
cold, clear liquid is decanted from the phosphorus, and cautiously heated, just as it 
began to boil, it seemed to take fire inside, and vivid combustion ensued for about 
a second, when the whole exploded with a brilliant flash and loud noise, shattering 
the apparatus and hurling the ignited combustible all about the room/' 
M. M. P. Muir, and J. B. Hannay s.iid that when the monobromide is dropped on 
powdered arsenic, great heat is evolved, and when the mixture in heated arsenic 
tribromide distils over. J. B. Hannay also found that powdered antimony behaves 
similarly ; and when mixed with methyl alcohol, heat is (^volved, sulphur ])recipi“ 
tated, and a liquid with a sharp, sour odour is formed. A. Kdinger and P. (loldl)erg 
found that sulphur monobromide can he used for brominating organic compounds. 
J. B. Hannay said that pieces of sodium or potassium, the size of half a pea, when 
dropped into sulphur monobromide, do not take fire, but quietly combine with the 
sulphur and bromine. If, on the other hand, they are very small or thin, they take 
fire, or at least hiss and become incandescent. Aluminium foil remains bright 
when immersed in sulphur monobromide ; and C. Lowig said that when the vapour 
of the monobromide is passed over red-hot iron, bromide and sulphide of iron arc 
formed with the evolutiou of heat and incandescence. 0 . Korndorfer represented 
the reaction with a soln. of potassium hydroxide 2 S 2 Br 2 + GKOH -=4KBr bK 2 S 03 
H-SS-fSHgO; and with a soln. of sodium hydrocarbonate : 2 S 2 Bro-}- 6 NaIlC 03 
=4NaBr+Na2S03+6C024-3S+3H20. 

According to C. Lowig, the liejuid formed on mixing equi-atomic proportions of 
sulphur and bromine contains sulphur monobromide, but on distillation, it break.s 
up into sulphur dibromide, SBr 2 , and sulphur which remains in the retort. 
M. M. P. Muir said that no such compound is produced on distilling the monobromide 
—vide supra. While J. B. Hannay denied the existence of sulphur monobromide, 
S 2 Br 2 , he observed that the sp. gr. of mixtures of sulphur and bromine show a 
singular point when the proportions approach SBr 2 . 0. Ruff and G. W^interfeld 
observed no evidence of the existence of sulphur dibromide in their work in the 
f.p.—Fig. 138—^the sp. gr., and the vap. press, of soln. of bromine in sulphur dibro¬ 
mide— \)ide supra. 

A. Michaelis said that when sulphur dioxide acts on a mixture of phosphorus 
trichloride and bromine, at 115®, a dark-coloured liquid is formed contaitung sulphur 
tetrabromide, SBr 4 , thus, 2 PCl 3 -fBr 2 1 - 802 — 2 POCl 3 +SBr 4 , that the product 

immediately breaks down into sulphur monobromide and bromine. M. M. R Muir, 
and 0. Ruff and G. Winterfeld observed no evidence of the formation of the tetra¬ 
bromide in their studies —vide supra —of the action of sulphur on bromine. 
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^ 49. Sulphur Iodides 


All the so-called sulphur iodides are probai>ly only inixtur(»s supra, moL 
\\t. of sulphur in iodine. In 1813, H. (''ourtcus,Wn the first paper published on the 
]>ro])erti('s of iodine, said : Ir soufte a riode, i)uiis arec moiiis d'aicrqk (jur le 

phospfion , and, a y(‘ur later, J, L. Gay Lussac said that the combination of siil])hur 
with iodine must be of the most feeble kind. He considered that there is some 
doubt as to the formation of a true chemical individual, when the two elements are 
heat(‘d toilet her e\en under water---and there is a slight rise of temp. The Inuit 
<’vu)Ived is so small that it can be more reasonably attributed to the eflect of mere 
soln. than to actual combination, for J. Ogier showed that the heat evolved wlien the 
alleged monoiodide is dissolved in carbon disulphide is equal to the sum of the heats 
(d soln. of the elements sejiarately in the solvent. F. C. Schlagdenhaufien .said 
that “ no heat is evolved, hence no chemic^al combination occurs.” N. E. Jtenry 
<le‘>cri))ed tlie jireparation of iodure dc soujrc by fusing a mixture of the two elements, 
d. Inglis found that alcohol in a few montlis extracts all the iodine from the alleged 
iodides. H, Rose subiinu'd a mixture of the two elements, but the iodine so pre¬ 
dominated in the sublimate that he concluded no true comjxjiind is formed ; 
]j. Lamers likewise could obtain no definite compound in this way. (r. vom Rath, 
and H. L. !Sna}>e found that the crystals of the alleged monoiodide have all the 
characteristii’s of mixed crystals. F. Bestini, F. ( 

K. \V. E. Macivor investigated the m.p, of 
nuvtures of iodine and sulphur, and con¬ 
cluded that the jiroduct obtained by fusion, 
or from soln. in a common solvent, has the 
character^ of metal alloys, not true chemical 
individuals. (\ E. Lineliarger measured the 
in.j). of mixtures of sulphur and iodine, and 
obtained a curve, Fig. I4J, which exhibited 
a maximum near tliat rei^uired for sulphur 
mouoiodide, SoTo ; he added that no indi¬ 
cation of any other cornjiound was obtained, 
and the monoiodide is in a very feeble state 
of combination, for the sulphur and iodine 

seem to have more tendency to form mol. aggregates than chemical combinations. 
On the other hand, R. Boulouch obtained no indication of any definite compound, 
or solid solu. in his examination of the m.p. and f.p. curves of mixtures of iodine and 
sulphur. This ooneliision was confirmed by F. Ephraim, who found the following 
freezing points for mixtures containing the percentages of iodine by weight: 
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Fio. 141.—Melting-point Curves, 

Fia. 142.--Freezing-point Curves of 
Mixtures of Iodine and Sulphur. 


Iodine 

F.p. 


100 

112 - 8 ® 


86-8 

101 * 2 ® 


72-9 

89-2® 


55 5 
71-5® 


62-3 

66-7® 


61-5 

68 ® 


36-6 

74-3® 


24-8 

86 - 0 ® 


12-7 

97-9® 


Oper cent. 
116-7® 


The results calculated for molar percentages are indicated in Fig. 142. The 
eutectic at 65-7° corresponds with 52-3 per cent, of sulphur by w*eight, or the molar 
per cent. 81 -3. R. Boulouch gave for the eutectic 65-5 '^and 51 *1 per cent, of sulphur; 
and A. Smith and C. M, Carson, 65-6^ and 5M i>er cent, of sulphur. R. Wright 
observed no signs of the formation of solid soln,, or of chemical compounds of iodine 
and sulphur in his study of the vap. press, of the fused ^xtures. 

Sulphur iodides have been reported to be formed in several ways. J. Inglis 
believed that one is formed as a precipitate by the action of sulphur monochloride 
on hydriodic acid ; R. do Grosourdy, by the action of hydrogen sulphide on a dil. 
soln. of potassium tetrachloroiodide ; L. Lamers, and R. W. E. Macivor—sw/p/mr 
ditritaiodide, —bv the action of hydrogen sulphide on iodine trichloride: 

2IClj,4.3H2S^6HCl+S3l2 ; and M. Berthelot treated sulphur with dry hydrogen 
iodide in the cold: reaction is slow at ordinary 

temp., but faster at 100° or 500°. J. Ogier found that the heat of combination of 
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sulphur and iodine est ires semible^ne^U null, thus with solid sulphur the heats of 
formation of solid S 2 I 2 are 10*8 and 0 Cals, with gaseous and solid iodine 
respectively; the heat of soln. of the alleged compound in carbon disulphide is 
the sum of the heats of soln. of the separate elements. W. Spring and A. Lecreiner 
made some observations on the oxidation of potassium sulphite —vide supra, sulphur 
monochloride—from which he estimated that the alleged S 2 I 2 contains 90*12 per cent, 
of free iodine ; S. 2 I 4 , 88*89 per cent.; and SI 2 .89*97 per cent. The affinity of sulphur 
for chlorine is estimated to be 9*43 times that for iodine; and for bromine, 7*37 
times that for iodine. 

L. Earners, and C. E. Linebargor obtained sulphur iodide by the slow evapora¬ 
tion of soln. of the two elements in carbon disulphide—the former represented his 
product by SIq, and the latter by S„I„. J. Mori examined the equilibrium of iodine 
and sulphur in carbon disulphide soln. at and 18° ; no solid soln. were observed. 
M. Amadori measured the mutual solubility of iodine and sulphur in carbon 
disulphide, and found in grams per 100 grms. of soln. at 25° : 


S 

34*76 

36*42 

39*56 

40*82 

36*74 

12*83 

— 

I 

— 

6*62 

16*08 

22*64 

22*11 

20*64 

19*14 

CS 2 . 

66*24 

58*96 

44*40 

36*48 

41*15 

66*63 

80*86 

Solid phase 


Sulphur. 



Iodine. 



The results are plotted in Fig. 143. The solubility curve consists of two brandies 
meeting at the point of double saturation (two solid phases). Similarly with benzene 
as solvent; thus, at 25°, M. Amadori found : 

S . 209 2*35 2*42 2*58 1*76 0*40 

I . — 8*31 12*72 16*42 16*28 16*08 

CS, . 97*91 89*34 84*86 81*00 81*97 83*62 

Solid phase Sulphur. Iodine, 

With bromoform as solvent, the soln. had 3*64 per cent, of sulphur and 3*22 per 
cent, of iodine at 5 *6° ; and 4*20 per cent, of sulphur and 3*70 per cent, of iodine 
at 3*65°. The solubility of one element in each of the three 
solvents is less than when the other element is present; and 
in the case of carbon disulphide, both solubilities are in¬ 
creased by more than 100 per cent. Cryoscopic measure¬ 
ments of mixtures of the two elements in bromoform show^ 
that the de})ression of the f.p. of the solvent is somewhat less 
than that calculated from the mol. wts. of the separate 
elements. No evidence was obtained of the existence of a 
solid compound of sulphur and iodine—nor did F. Ephraim 
observe any evidence of chemical combination in his measure¬ 
ments of the b.p. of soln. of the two elements. C. E. Line- 
barger found that the compound of sulphur and iodine is dis¬ 
sociated into molecular aggregates of the elements when in 
soln.; combination, if it occurs at all, intervenes during the 
act of crystallization. C. E. Linebarger added that there 
seems to be more affinity between sulphur atoms and iodine 
atoms to form complex elementary molecules than to enter 
into combination with each other. 

The spontaneous evaporation of the soln. obtained by treating ethyl or other 
alkyl iodide with sulphur monochloride—best in a sealed tube for 12 hrs.— 
2 C2H5l-fS2Cl2=2C2H5Cl-fS2l2, gave F. Guthrie what he regarded as sulphur 
monoiodide. F. C. SchlagdenhaulSen confirmed this. The constant composition 
of the product is here not worth much as evidence of the individuality of the product 
because the two elements are necessarily in eq. proportions whether a monoiodide 
is formed or not. C. E. Linebarger obtained black, rhombic tablets of what he 
supposed to be Snln in a similar manner. H. McLeod, however, said that the 
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product has the nature of a metal alloy rather than of a chemical individual; 
and R. W. E. Macivor based a similar conclusion on the facts that alcohol, potash- 
lye, or a soln. of potassium iodide extracts all the iodine from the alleged iodide, and 
the evaporation of a soln. of the alleged iodide in carbon disulphide furnishes crystals 
containing variable proportions of sulphur. A. E. Menke treated a soln. of an 
alkali iodide or hydriodic acid with sulphur dioxide, and obtained a yellow product 
thought to be the monoiodidc : 8 HI+ 2 SO 2 — 4 H 20 -f 3 l 2 + B 2 I 2 ; the precipitate 
is not stable and disappears when water is added. 

L. Lamers reported crystals of what he called sulphur hexaiodide^ SI,j, to be formed by 
the slow evaporation of mixed soln. of the constituent elements in carbon disulphide. 
G. vom Rath would have liked to call the resulting crystals isomorphous mixtures, but he 
hesitated to do so because of the dissimilarity of the two elements concerned. R. Schneider 
reported that crystals of stannic disulphotetraiodide, SnSjIi, are formed by sublimation 
from a mixture of a mol of stannic sulphide and 2 mols of iodine, or from a soln. of dry, 
precipitated stannic sulpliide in a boiling soln. of iodine in carbon disulphide. Ho also 
prepared arsenic trisulphohexaiodide, 2A8I8.A82S3. F. Ephraim showed that the former is 
probably a mixture of stannic iodide, and sulphur ; and the latter a mixture of arsenic 
trisulphide and iodine. 
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§ 50. The Thionyl Halides 

The bivalent radicle SO is called thionyL It is derived from sulphurous acid, 
S 0 ( 0 H) 2 . If the chloride, SOCI 2 , be treated with different fluorides— e.g. zinc 
fluoride—M. Meslans ^ found that thionyl fluoride* VSOF 2 , is formed. H. Moissan 
and P. Lebeau noticed that the same compound is formed, along with other 
oxyfluorides of sulphur, when fluorine acts on thionyl chloride ; they prepared the 
compound by heating a mixture of 26*4 grms. of arsenic trifluoride and 35-7 grms. 
of thionyl cUoride in a sealed tube for 30 min. at 100 ° ; then cooled the tube and 
contents to —80°, and on opening the tube collected the gas vrhicli escaj^ed over 
mercury. Traces of arsenic trifluoride and thionyl chloride can be removed by 
passing the gas through a tube cooled to —23°. The reaction is symbolized: 
2 AsF 3 + 3 SOCl 2 = 3 SOF 2 + 2 ASCI 3 . W. Steinkopf and J. Herold used a modification 
of this process. 0. Ruff and K. Thiel prepared the gas by heating nitrogen sulphide 
with hydrofluoric acid in the presence" of water and cupric oxide in a sealed tube for 
2 hrs. at 100°. The gas was scrubbed in a tube filled with sodium fluoride. 
F. Wunderlich obtained sulphuryl fluoride by heating a mixture of barium 
fluosulphonate and barium fluoride in a sealed tube at 150° whereby barium sulphate 
and sulphuryl fluoride were formed, 0. RuflE and fellow-workers observed that 
antimony sulphofluoride decomposes in moist air, forming thionyl fluoride, which 
then decomposes into sulphurous and hydrofluoric acids. 

Thionyl fluoride was described by H. Moissan and P. Lebeau as a colourless gas 
which fumes a little in moist air, and which has a suffocating odour. M. Meslans 
said that the gas attacks the respiratory organs vigorously. H. Moissan and 
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P. Lebeau found that the Specific gravity of tile Ihiiiid is Meslans fi;ave 

d OOTb, and he found tliat the gas lh|uehes at -'30 . H. Moissan and P. Leboau 
gave -32^ for the boiling poinL and 0. Kutf and K. Thiel, - 30"^ for the b.]). at 
7G0 inni., and 11 (C for the melting point. When tlie gas is Incited in a dry glass 
vessel to lOOy II. Moissan and P. Leheau found that it deeoinjiosi's 2S0Ib^ i SiOo 
-=SiF|-f -SO^ , the action uf tiie electric discharge from an induction coil on the 
gas in a glass vessel is similar to that of heat. O. Ruif and K. Thiel said that the 
gas is not changed when passed through a \vhitt‘-hot platinum tube tilled with spongy 
platinum. H. Moksaii and P. Leheau found that if sparked along vith hydrogen 
in a glass v^essel, the sulpliur dioxide is reduced to hydrogen snljihide, suljihur, 
and water, and the latter reacts with the silicon tetratliioride, forming hydrotiuo- 
silicic acid. The [)resence of oxygen does not affect the decomposition of the thionyl 
fluoride by the action of heat, but wdien the mixture of the two gases is sparked, 
a certain amount of a more volatile oxyfluoride is jiroduced ride nifm, sulphuryl 
fluoride. The gas is decom})ose(l hy water : SOFv FlRO^-SGo | 2 HF. O. Kutf 
and K. Thiel observed that a mixture of thionyl fluoride, and chlorine, in a sealed 
glass tuh(‘, in sunlight, or in the pre.sence of carbon, reacts with the silica of the 
glass to form silicon tetrafluoride and sulphuryl chloride. Under ordinary con¬ 
ditions chlorine, and bromine are inactive. H. Moissan and P. ia'heau found that 
when the gas is treated wuth hydrogen chloride over mercury, a gaseous mixture 
is produced wdiich attacks the mercury. The gas is not attacked by sulphur at 
5tX)°, but, at higli tern]),, hydrogen sulphide forms sulphur, water, and hydrogen 
fluoride ; at ordinary temp., there is no reaction. M. Meslaiis found that the 
gas reacts with ammonia, forming ammonium fluoride and thionyl amidt*. 
F. Wunderlich repri'sented the reaction: SO^F^fl^Wa- -NH 4 F-[-S()o(NH 2 )o. 
With methylamine in ])lacc of ammonia, he obtained dimethylaulphamide, 
S 02 F 2 “;~ KTisNHo -S(L(NHCH {)2 2 (Tl 3 NH 3 F. Similarly, ethylamine furnishes 
diethylsulphaniid(‘. H. Moissan and P. Leheau show^ed that the first jiroduct of 
the reaction with «inimonia an urange-i oloured thionyl hemipentamminofiuoride, 
2 SOF 2 . 5 NH 3 , and finally a white sub'^tance corre.sjumding with thionyl hemiheptam* 
minofluoride, 2 SOF 2 . 7 H 2 G, and when the latter is treated with hydrogen cliiorhle 
it forms sul])hur, and sulj)hur dioxide. O. RulT and K. Thiel said that thionyl 
fluoride reacts with nitrogen trioxide and moisture, forming nitrosuljihonic acid ; 
and silicon tetrafluoride ; but the gas does not react w’ith nitric OZidc. H. Moissan 
and P. Leheau ob.served no reaction wuth phosphorus at 5tK/b According 
to F. Wunderlich, one vol. of glycerol absorbs 0*12 vol. of the gas; petroleum, 
M voLs.; benzene, 2 3 vois.: toluene, 2 9 vols.; ethyl alcohol, 3 0 vols.; methyl 
alcohol, 3 1 vols.; carbon tetrachloride, 34 vols.; chloroform, 40 vols.; and 
acetone, 4*9 vols.; while ether and carbon disulphide absor}> only a little of the 
gas. H. Moissan and P. Leheau also found that the gas is soluble in arsenic 
trichloride, and also in benzene, turpentine, and ether; and it is absorbed by molten 
sodium or tin. F. Wunderlich found that a soln. of potassium sulphide in absolute 
alcohol forms a little thiosulj»hate when treated with sulpliuryl fluoride ; and the 
reaction in an a<j. soln. of calcium hydrosulpbide k symbolized : SOoF 2 -b 2 Ca(.SH)*> 
+H 20 -CaH 203 + CaFo-t^H.S. 

J. Persoz and N. Bloch - first ])repared thionyl chloride, SOCI 2 , in an iinjuire 
form, by the action of sul|)hur dioxide on phosphorus pentachloride ; P. Kremers 
obtained it in a similar way, and named it HchveJli(jsaures Phosphormperchlorid 
because it w^as supposed to have the composition PCl5,S02 until H. Schiff prepared 
it in a fairly pure state and showed that its emjiirical composition is really SOCL. 
The work of L. Cariiis, C. A. Wurtz, and A. Michaelis demonstrated the chemical 
characteristics of the compound. C. Schorlemmcr has made some remarks on the 
Idstory of thionyl chloride. L. Carius prepared thionyl chloride by heating calcium 
sulphite with }>h<.)sphoryl chloride to 150°. He first employed the proportions 
indicated in the equation: 3 CaS 0342 P 0 Cl 3 =Ca3(P04)2-f-380Cl2, and heated 
the mixture to 150° in sealed tubes; but so much sulphur dioxide was developed 
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that the tu})€S burst. Po.ssibly the reaciiou is 6 LaS 03 f2PO(1;j ra 3 (P() 4 )o 
H- 3 Ca(’'l 2 fbSO^, but some thioiiyi chloride is also formed. L. Carius found that 
\)y raisinj< the proportion of oxychloride until equal molecular projjortions of the 
tw'o substances were present, the proportion of thionyl chloride ereatly increased, 
and that of ^ulpliur dioxule became very small. Calcium sulphite can tlius 
be made to yield most of its sulphur as thionyl chloride, but only by usin^^ excess of 
phosphorus oxychloride, since without this excess sulphur dioxide is the main 
jiroduct Now, this sul[)hur dioxide must }>c derived from thionyl chloride shouM 
phosphorus oxychloride really act on calcium sul])hite, and then form thionyl 
ciiloride by this action. K. Divers and T. Shimidzu said that }>hosplionis penta- 
chloride is itself \sithout action on calcium sul}>hit;e, but at 150", the pentaiddoridi' 
is dis'^ociated into phosj>horua ]>eiitoxide and pentachloride ; JOPOf’l^ 2 ICD 5 
I 6 PCI 5 . th(‘ pentoxirle takes calcium oxide from the sul)jhitc, thus setting free 
sulphur dioxide: (K’aSO^ - 2 Ca 3 (P() 4)2 and this with ])hosphorus 

pentacldoride ^jjives tlnonyl chloride and jdiosphorus oxychloride again: 
6 SO 2 I 6 PCI 5 4),S0Ch i r>P 0 Cl 3 -Vide inf/a. Three-fifths of the phosphorus 
oxvchloride begun w’ith are thus regained. In practice, L. Carius found an extra 
half of the oxychloride to be excess enough to use. The large quantity of sii]])hur 
dioxide which forms when these proportions are greatly altered in favour of the 
calcium siil{)hite, is to be traced to the action of the phosphorus pentachloride upon 
the excess of calcium sul{)hite instead of iiiion the sulphur dioxide, as is shown by 
the following e<iuation ; 15 Ca 803 4 bPCl^-- 3 Ca 3 (P 04 ) 2 -f bCan.^ r’lSOCL-t-OSCL. 

With the other (>S 02 liberated, but now not de<.‘,ompo 8 ed. there are thus obtained 
I 28 O 2 to 9 S 0 ( 12 - The calcium chloride here shown is a neces.sarv complement to 
the sulphur dioxide, whatever v^ersion of the change be adopted. L. Chirius also 
prepared thionyl chloride by the action of phosphorus pentachloride on sodium 
sulphite; and on certain organic sulpbonates on the alkali metals; A. Michaelis mad(‘ 
it by the action of plios{>horuH pentachloride on sulphurvl chloride: and K. Kraut, 
by its action on thiosulphates. J. Persoz and N. Bloch. P. Kromers, L (^ariii-^, 
and H. Schiff prei)ared thionyl chloride bypassing sulphur dioxide over phospliorus 
pentachloiide -SO^ + PC^ ^POdad-SOClo -and separating the thionyl chloride - 
h.p. 82^ -from the pliosphoryl chloride—b.p. 110 ^-by fractional distillation. 
A. Michaelis said that chlorine and sulphur dioxide colour the ]>roduct yellow, ami 
they can be removed hy boiling the liquid in a flask with a warm reflux condenser, 
and rejecting the first fraction. This mode of preparation was employed by 
T. E. Thorpe, and was formerly the process generally employed. The Chemische 
Fabrik von Heyden recommended making thionyl chloride by the interaction of 
phosphorus trichloride and sulphuryl ciiloride: SO 2 CI 2 +PCI 3 —POCI 34 'vSOCl 2 : 
while the Chemische Fabrik von Buckan found that carbonyl chloride reacts with 
sulphur dioxide at temp, above 200 '^ with the formation of thionyl chloride and 
sulphur tetrachloride according to the equations: SO 2 +COCI 2 -^ 0012+002 
and S 0 . 2 + 2 C 0 Cl 2 ~=SCl 4 + 2 C 02 . The first reaction predominates at lower temp, 
and with excess of sulphur dioxide, and by suitable adjustment of conditions one 
or other of the reactions may be almost entirely excluded. The reactions are 
carried out by passing the gases over a heated contact substance, such as w^ood 
charcoal, and the carbonyl chloride may be partly or entirely replaced by a mixture 
of carbon monoxide and chloride, or carbon monoxide and sulphuryl ch^ride may be 
employed. This mode of prejmration gives good results. The Farbenfabrik 
vorm. F. Bayer obtained thionyl chloride by heating a mixture of chlorosulphonic 
acid and sulphur monochloride or dichloride. 

C. A. Wurtz observed that thionyl chloride is formed by the action of chlorine 
monoxide on sulphur, but the reaction proceeds with explosive violence; it was there- 
fore found better to dissolve the sulphur in sulphur monochloride, and allow gaseous 
chlorine monoxide to act on the soln. at — 12 ®, until nearly all the dissolved sulphur 
is consumed. The thionyl chloride and sulphur monochloride were separated by 
fractional distillation. C. A. Wurtz, and F. Schutzenberger also obtained thionyl 
VOL. X. 2 ^ 
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chloride by the action of chlorine monoxide on carbon disulphide: 3 CI 2 O 4 -CS 2 
=^2SOCIo+COCl2. A. Michaelis and 0. Schifferdecker obtained an 80 per cent, 
yield of thionyl chloride by the action of sulphur trioxide on sulphur tetrachloride : 
SCl 4 +S 03 =S 0 Cl 2 +S 02 +Cl 2 ; and A. Behai and V. Auger, and W. Majert, by the 
action of sulphur trioxide on sulphur dichloride at a temp, below the b.p. of sulphur 
dioxide, or under press. : SO 3 f SCL—SOCI 2 +SO 2 . The Chemische Fabrik 
Griesheim-Elektron obtained thionyl chloride by adding sulphur trioxide to ordinary 
sulphur chloride at a tein}x of 75^-80"^, according to SOa-f S 2 CI 2 -” 80010 +SO^+S. 
Chlorine is passed in continuously in order to reconvert the sulphur produced into 
sulphur chloride. In this way, an almost theoretical yield is obtained, and the 
practical inconveniences attending tlie use of Mgher chlorides of sulphur are avoided. 
The Farbenfabriken vorm. F. Bayer found that the reaction proceeds smoothly 
at ordinary temp, and jiress., in the })resence of antimony trichloride, mercuric 
chloride, or chlorides of t)ie heavy metals; and that sulphur or sulphur monochloride 
with chlorine and chlorosuljdionic acid, or sulphur dichloride and chlorosulphonic 
acid can be used with or without the addition of the catalyst. 

According to C. A. Silberrad, thionyl chloride may contain traces of phosphoryl 
chloride, stannic chloride, or sulphur di- or tri-oxide. The first of these contamina¬ 
tions was found by J. Ogier to be difiicult if not impossible to remove. P. Lux 
detected stannic chloride by producing a yellow coloration with triphenylmethyl 
chloride, or a red coloration with 7 >-triiododiphenylmethyl chloride—neither 
reagent gives the coloration with thionyl chloride alone. The stannic chloride 
can be removed by fractional distillation. H. Meyer and R. Turnau, and H. Meyer 
and K. Schlegel found that sulphur dioxide may be removed by distillation over 
dimethylaniline or (|uinoline, and colourless thionyl chloride may be obtained by 
distillation over linseed oil and purified beeswax. Thionyl chloride can be destroyed 
in mixtures where it is not desired by adding sufficient formic acid to react: 
H.COOH+SOCl 2 ’=* 2 HCl~|-S() 2 T GO—a reaction discussed by C. Moureu, and 
H. Meyer and R. Turnau. 

Thionyl chloride is a colourless, refractive liquid with a penetrating smell 
recalling that of siil])hur dioxide. K. Ifeumann and P. Kdchlin found the vapour 
density at 154'" is 3-95, corresponding with the mol. SOCL for which the theoretical 
densit y is 41 1; at 444*5'", the vap. density is about two-thirds the normal value, 
indicating that the compound is dissociating, and when the vapour is passed through 
a red-hot tube, the (iis.sociation ])roducts are sulphur dioxide and raonocbloride, 
and chlorine. H. 8 tandinger and W. Kreis also observed that when the vapour 
is chilled from lOOC" to —190'", sulphur monochloride is formed. According to 
G. Oddo and E. Serra, the molecalar weight calculated from the effect of the salt 
on freezing benzene i.s 108-110; and with boiling chloroform, 229-235, when the 
theoretical value for SOCI 2 is 119. When corrected with the results of G. Oddo 
to allow' for volatilization in boiling soln. a normal value is obtained for the 
mol. wt. E. B. R. Prideaux represented the electronic structure : 

Cl 

A. F. 0. Getman discussed thionyl chloride as a solvent. C. A. Wurtz gave 1-676 
for the sp6Cifio gravity at 0° ; G. Carrara and I. Zoppellari, 1'6577 at 1® ; R. Nasini, 
1-655 at 10-4°/4“; T. E. Thorpe found 1-6763 for the sp. gr. at 0°/4°; and 
8. Sugden and co-workers gave 1-656 at 14-5°/4°, 1-622 at 32‘’/4°, and 1'593 at 
48°/4®, or at sp. gr. —1-683 + 0-001880. T. E. Thorpe represented the 

thrnnal oaMUlshm v=^1+OOO1164190+OOb9I41802+O-O895360«, where v repre¬ 
sents the vol. attained when unit vol. at 0° is heated to 0® up to 78-8®. The 
sp. gr. at the b.p. is 1-52143, and the molecnbur Tolnme 78-01. S. Sugden, a^ 
E. Rabinowitsch also studied the mol. vol. W. Ramsay and J. Shields obtained 
30-80 and 27-22 djTses per cm. respectively at 19-8° and 45-9° for the sorbioo fa wr inn ; 
a2—3-83 and 3-50 sq. mm. for the gpedfle cobenon respectively at 19-8° and 46-9° ; 
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and 538*6 and 486 2 er^s. for tho mol. surface energy at and 45*9^ respectively. 
H. A, Mayes and J. R. Partington gave - 104-5^ for the freezing point. 0. A. Wurtz 
gave 78*^ at 746 mm. for tlie boiUng point ; L. C’ariiis, 82*^; and T. E. Thorf>e, 
78*8*"; S. Sugden and co-workers gave 76'9" to 77*E' at 772 mm. K. Arii gave 
log 7;™7*60844-~ 1648*21 T ^ for the vapour pressure, J. Ogier found the specific 
heat between 17^’ and 60” to be 0*2425 ; the heat of vaporization, 541o cals, per 
gram ; and the heat of formation for liquid thionyl chloride 47*2 Cals. P. Walden 
found that thionyl cidoride is an ionizing solvent, R. Nasmi found that the 
indices of refraction for the F-, Z>-, and C-rays to be respectivf'ly 1*541, 1*527, 
and 1*522. H. Schlundt gave 9*05 for the dielectric constwt at 22”. 

H, SchifF said that thionyl chloride is decomposed by water, and still more easily 
by soln. of alkali hydroxides, foriuing hydrochloric and sulphurous acids ; while 
L. Carius said that warm water, or no more than an equal vol. of cold 
water, furnishes Hulf>hur and sulphuric acid. For the heterogeneous system 

G. Carrara and 1. Zojipellari found the reaction })etween water and thionyl 

chloride at 1” could be represented by (1 C/) log{cr/(fl"-;r)} —where s is the surface 
area of the liquids in contact; a, the quantity of decomposable liquid ; r, the 
quantity of this liquid decomposed at the time i ; and k is a constant, 0*0152. 
W. Wardlaw and F. 11. Clews assume that the reaction : SOCC-^-HwO. { 2HCi 
is reversible, since H. S. Tasker and H. O. Jones found that when thionyl chloride 
acts on mercaptans at a low temp., 0” to —70°, hydrogen chloride and sulpliur 
dioxide are evolved, and water is found among the residual products II, 11. North 
and A. M, Hageman found that sodium dioxide reacts violently A\ith thionyl 
chloride at ordinary tem}s : 2 Naii() 2 + 2 SOCL 2NaC’l S“Na2SOj^-MS02CL> and 
Nao02 }-2SOCl2 2NaCl -1-802-1 according to the ]jroportions of reagents 

employed. With barium diioxide and a large excess of thionyl chloride in a sealed 
tube at 150°, the reaction is symbolized : BaO.j-s ^SOC’lo -BaCE i SOo t SOoCL ; 
but when mol. proportions are used: 2Ba02+280012- 'BaCE |-Ba804 f SOoCE ; 
lead dioxide and manganese dioxide act in a similar manner. Thionyl chloride is 
an active reducing and chlorinating agent. C. A. Silberrad said that the chlorine 
usually attaches itself to some portion of the sii})stance acted upon, and the sulphur 
appears in combination with oxygen or chlorine. A. 15esson found that thionyl 
chloride reacts with dry hydrc^n bromide, forming thionyl bromide: 800E 
+2HBr~ 2HCl+80Bro; and with dry hydrogen iodide, cooled by a freezing 
mixture, forming hydrogen chloride, sulphur dioxide, iodine, and sulphur: 2S0Cl> 
+ 4HU 4H(d +- 2 I 2 + S 62 + 8 . 

H, Prinz observed that when thionyl chloride is heated with sulphur at 180 °, 
sulphur monochloride is formed. Here the oxygen of the thionyl chloride is not 
replaced by sulphur; rather does the tluonyl chloride behave like mixture of 
sulphur dioxide and tetrachloride, 0 . Ruff said that thionyl chloride is indifferent 
towards sulphur even in the presence of aluminium chloride, and this behaviour can 
be used to separate it from sulphuryl chloride H. B. North and C. B. Conover 

represented the reaction above 150 ° by 2SOC12+3S—SO2 -I-2S2CI2. H. B. North and 
J. C. Thomson obtained similar results at 150 °- 180 °. H. Prinz found that hydrogen 
sulphide does not relict at ordinary temp., but at 60 °, the reaction 2SOCI+2H28 
—4HCI+8O2+3S occurs. A. Besson said that this reaction occurs slowly even 
when cooled in a mixture of ice and salt, and at a higher temp., the main reaction is 
28OCI2+H2S—82CI2+SO2+2HCI. 0 . Ruff said that the reaction between 

hydrogen sulphide and thionyl chloride is greatly accelerated if aluminium chloride 
be present. C. Moureu found that thionyl chloride does not at first mix with 
ralphurio ndd, but after a time, hydrogen chloride and sulphur dioxide are given 
off; and when the mixture is heated between 138 °~ 157 °, chlorosulphonic acid, 
and pyrosulphuryl chloride are the main products: SOCI2+H2SO4—SO2+HCI 
+C 1 HSC^; and 3SOCl2+2H2SO4==3SO2+4H01+S2O5Cl2. V. Lenher and 

H. B. North represented the reaction with adenium; Se+2SOCl2—SeCl4+S02-f*S; 
and with aelmimn dkndde : Se02+2S0Cl2—SeCl4+2S02 ; the reaction was also 
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studied by B. von Howath. V. Lenber and C, W. Hill found that tellurium tetra¬ 
chloride is formed when an excess of thionyi chloride acts on tellurium or on 
teUunum dioxidey if not in excess, tellurium dichloride is formed. 

II. Schid at first thought that thionyi chloride reacts with ammonia to form 
thionyi amide, but later, A. Michaehs found that a mixture of nitrogen tetrasulphide, 
and ammonium chloride, sulpinde, and polythionate is formed ; and F. Ephraim 
and H. Piotrowsky observed that if thionyi chloride be slowly dropped into liquid 
ammonia, an intensely red soln. is formed wdiich furnishes ammonium irnidodi- 
sulphinate, (NH 4 )N(NH 4 S ().,)2 r/.r. -and it is a result of the hydrolysis of the 

imidosiilphonamidc, UNhSONHoU^ f^^rnied. Some observations on the action 
of ammonia cm thionyi chloride were made by M. Giirewitsch. According to 
F P]phraim and H. Piotrowsky, sulphur is produced by the action of a cone. soln. 
of hydrazine on thionvl chloride, the sulphur then reacts wdth the excess of hydrazine 
N 2 H 44 2 S^-N 2 ^ With a dil soln. of hydrazine, an unstable sulphurous 

hvdrazide app(‘ars to be formed, but it has not been isolated. A. Meiite found that 
an nuidosulphonate is formed hv the action of thionyi chloride on ammonium 
carbamate. V. Moureu observed that thionyi chloride reacts violently wdth nitric 
acid with the (lcvelo}>ment of heat, and the formation of nitroxyl chloride, sulphur 
dioxide, and hydroi^en chloride ; nitrogen oxides and sulphuric acid are also formed 
in consequence of secondary reactions between the hydrogen chloride, the excess of 
nitric acid, and suljihiir dioxide T. K. Thorpe gave for the reaction with silver 
nitrate : 80n.-f AgN().j AgCl4 (’1.80. O.N : O. H. B. North and J. C. Thomson 
found that with an excess of thionyi chloride, phosphoms reacts : 2 P+ 4 SOCI 2 
=2PCl3-f-280. f 82(^2 J^fter 2 hrs.' heating at 125^^; if the temp, be 180°, some 
phospliorus pcntachlonde is formed as indicated below\ A. Besson said that 


gaseous phosphine, at ordinary temp., reacts with thionyi chloride causing an evolu¬ 
tion of hydrogen chloride, the liquid after some time forms two layers, the upper 
of which, on distillation under reduced jiress , yields, first, thionyi chloride, then 
phos[>horyl chloride, and, finally, thiophosphoryl chloride, PSCI 3 ; a syrupy liquid 
from which no definite compound can be obtained remains in the retort. The low^er 
layer is viscous, and contains chlorine, sulphur, phosphorus, oxygen, and hydrogen. 
C. Moureu found that ortho- and meta- phosphoric ftcids are at once attacked by 
thionyi chloride, but with metaphosphoric acid the reaction is incomplete, and 
orthophosphoric acid furnishes chlorinated condensation products which are not 
further attacked by thionyi chloride. D. BalarelT found that boiling thionyi 
chloride converts orthophosjihoric acid into a mixture of the pyro- and meta-acids. 
L. Carius represented the reaction with phosphonis pentZSlllpllide at 350° : 
5 SOCl 2 +P 285 =^ 5 S 2 Cl 24 *p 2 ^ 6 ’ Prinz showed that the reaction is more pro¬ 

bably : 2 P 2 S 5 -f eSOCig- 4 P 8 OI 34 3802+98, at temp, below 150°, and A. Michaelis 
found that the reaction, at 160°, with phosphorus trichloride : 3 PCI 3 + 8 OCJI 2 
=PCl 5 +P(X’] 3 +PS( 3 [ 3 , is slow but complete— H. B. North and J. C. Thomson said 
incomplete in 16 hxs. at 80°-160°: possibly with an excevss of thionyi chloride, there 
is a secondary reaction : aPHa^ 48 OCI 2 - 3 PCI 3 + 28 O 3 +S 2 CI 2 . H. B. North and 
A. M. Hageman represented the reaction with anMniiC : 2 As+ 4 SOCl 2 — 2 ASCI 3 
+S 2 O 2 + 2 SO 2 ; and with arsenic triozide, the trichloride is formed. H. B. North 
and C. B. Conover represented the reaction with arsenic trisnlphi^ : A 82 Sa+ 6 SOCl 2 
--:= 2 AbCJI^ 3 S<) 2 + 3 S 2 CI 2 , and similar remarks apply to orpiment, K. Heumann 
and p. Kochlin represented the reaction with powdered antimony in the cold : 
6 Sb+ 680 CJ 2 ~ 4 SbCl 3 + 85283 + 3802 . H. B. North and A. M, Hageman agreed 
with this statement provided the antimony is in excess, and the reaction occurs with 
violence at ordinary temp. If heated in a sealed tube with a large excess of thionvl 
chlonde, the antimw tridlkmde first formed reacts; aSbaa+iSOClg^aSbCL 
+S 2 CI 2 + 2 SO 2 . With antimony trioxide at ordinary temp., antimony trichloride, 
and with an excess of thionyi chloride, heated in a sealed tube at 150^-250®, 
antimonj^pentachloride is formed. H. Prinz represented the reaction with 
trisnlpfame : 68 OCI 2 + 28 b 283 = 4 SbCl 3 + 9 S+ 3802 . This was probably below 160® 
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and without exccsH of thionyl chloride, because 11, P>. North and (\ B. Conover 
show'ed that the thionyl chloride reacts with the sulphur above this temp,, and 
between 150^’ and tlie reaction in symbolized: () 80 CU“l-Sb^S 3 ~ 2 SbCl:} 

f 3 SO 2 + 382 CI 2 . Similar remarks ap})ly to siilmiie. The reaction with bismuth 
at 2()0^ is symbolized : 2 Bi+4SOCJ2™2BiCl3 f B^Cl^d 280^ ; and with bismuth 
trioxide: Bi^O^d 380Cl2'-2BiCl3-i-3S02. Moureu found that the action of 
thionyl chloride on boric acid resembles that with orthoi)hosphoric acid. 

H. S. Tasker and H. 0. Jones found that t)ie reaction of thionyl chlorhle with 
nickel carbonyl results in the vigorous evolution of sulphur dioxide and carbon 
monoxide accompanied by a fall of temp,: 2 Ni{CO )4 j-2S( ICP ™2NiCl2 ^ Sdo 
-f8C0-l~S. In many reactions thionyl chloride behaves as if it were a mixture 
of sulphur dichloride, SCl^, and sulphuryl chloride. SOoCL- The reactions of thionyl 
chloride with organic compounds have been summarized by C\ A. Sdberrad. He 
classirtes the reactions : (i) replacent^M of various rudtclvs or of ox ffqru or hijdroqeti 

bu chloriuc. Thus, the rejJacement of hydroxyl, OH, was observed l>y U, Barger 
and A. J. Kwins, A. Stabler and E. Schirm, A, McKenzie and T. M. A. Tudhf)pe, 
A. McKenzie and F. Barrow, A. McKenzie and G. \\. Clough, L. McMaster and 

F. F. Ahniann, G. Darzens, L. Kuzicka and F. Liebi, H. Wieland and P. Kap]>ei- 
nieier, P. F. Frankland and F. H. Garner, A. Green, K. E. Blaise and M. Montague, 
etc. The replacement of thiol, SH, w^as observed by O. Silberrad ; the nitro- or 
NOo-group, by H. Meyer ; the sulplionic- or HSOs-group, by H. Meyer, J. Poliak 
and 11 Hciiadier, and J. Poliak and Z. Kudich ; of hydrogen, ]>y A. Michaelis, 

G. Scliroter and K. Linow', J. Poliak and Z. liudich, and H. Meyer ; and of oxygen. 
}»y H. Hunter, P. ILiring and F. Baum, and F. Loth and A. Michaelis. (ii) The 
introduction of sulphur alone or in coinhinalioji with oj'pf/c7t to form S(t~(/roups, E,g., 
the formation of sulj)hurous eaters w^as observed by L. Carius, A, Michaelis and 
(ji. Wagner, A. Rosenheim and W. 8arow% A. E. Arbusoff, H. Hunter, ii. Ruzicka 
and F. Liebi, A. McKenzie and G. W. Clough, M. M. Richter, and A. Green; the 
formation of thionyl derivatives—sulphoxides -by C, E. Colby and C. S. McLoughlin, 

H. C. Parker, S. Smiles and A. W. Bain, 8. Smiles and R. le Rosvsignol, E. Schiller, 
P. F. Frankland and F. H. Garner, W. S. Denham and H. Woodhouae, A. Michaelis, 
A. Michaelis and R. Herz, A, Michaelis and W. Jacobi, A. Michaelis and 0. Stor- 
beck, G. Schniter and E, Linow, A. Michaelis and G. Schroter, A. Michaelis 
and 0, Erdmann, A. Michaelis and J. Ruhi, A. Michaelis and P. Griintz, and 

A. Francke ; the formation of anhydrosiilphites, by K. Moers, M. M. Richter, and 
E. E. Blaise and M. Montagne ; and the replacement of hydrogen by sulphur to 
form a sulphide, by A. Michaelis, A. Michaelis and E. Godchaux, A. Michaelis and 

B. Philips, A. Michaelis and P. Schindler, C. T. vSprague, G. Tassinari, and 
H. Voswinckel. (iii) Dehydration by the removal of the elements of water. E.g., 
E, de B, Barnett and I. G. Nixon, A. Michaelis and II. Sieber, H. Meyer, G. Lasch, 
B. von Paw’lewsky, A, Wohl, A. McKenzie and T. M. A. Tudhope, C. Moureu, 
P. Horing and F. Baum, W. Herre, G. Schroter and M. Lewinsky, and M. Bergmann 
and A. Miekelcy. (iv) Dehydrogenation % the removal of hydrogen. E.g., B. Holm- 
berg, H. S. Tasker and H, 0. Jones, J. A. Smythe and A. Forster, and K. A. Hofmann 
and K. Ott. (v) Condenmtions. E.g., 8. Smiles and R. le Koasignol, G. Barger and 

A. J. Ewins, A. Michaelis and G. Erdmann, and P. Freuiidler. (vi) Cotafpic 
actions. The presence of thionyl chloride was found to favour a number of reactions 
—F. G. Mann and co-workers, A. Shimomura and J. B. Cohen, R, S. Bly and co- 
workers, R. Wolffenstein and F, Hartwich, H. Meyer, K. H. Meyer and K. Schuster. 
G. Egerer-Seham and H. Meyer, S. Jaroschy, C. L. Horton, A. McKenzie and 

G. W. Clough, G. W. Clough, and P. Karrer and W. Kaase. (vii) Other reactiom 
have been investigated by J. Klieeisen, H. McCornbie and H. A. Scarborough, 

H. Meyer and K. Schlegel, H. Meyer and R. Tuniau, G. Sachs, R. Stiimmer, 

B. Singh and J. F. Thorpe, E. de B. Barnett and J. W. Cook. H. Leuchs, C. Bot- 
tinger, etc. 

Thionyl chloride reacts with many of the metalE---cold or hot—forming chlorides 
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^^’ith tb(‘ (‘Volution of Iieat. H. R. North and A. Hageman said that at temp, 
up to about 250°, the reaction with bivalent nu^tals is symbolized : 3M4-4SOC12 
" 3MClw-(-2S02 +SoCL>, if the Ihionvl chloride is in excess, and if tlu^ metal is in 
excess, 3M~i-2SOCl2=:2MCl2+MS+SOK They found that gold is not attacked 
at temp, up to 150°, but at 200° it slowly forms auric chloride ; magnesiuill* 
zin€» and CSkdmium are n(»t attacked by thionyl chloride at 200° ; but E. Fromm and 
J. de Seixas-Palma found that the reaction with zinc dust can be represented by 
2SOCL'| 2Zn- 2ZnCJ2 ( ^ North found that mercury with thionyl 

chloride in a sealed tube at 150° reacts either llg ^ ISOCl^ -Hg(324-2S02Cl2 
or 3Hgj~tS(K’P - 3HgCl2 ' 2S(L 1-80(^2 according to the proportions of the 
reagents. The reaction w ith tin fn^nishes stannous chloride : 3Sn+2SOCl2“^SnCl2 
+SnS ( SO^. but in the presence of an excess of thionyl chloride some staxinous 
chloride is Converted into stannic chloride: 38n(l2“f 480(vl2~“'3SnCl4-f 2SO2-! ^oCL. 
Neitlier lead nor chromium is attacked at 200° : th^e reaction w ith iron is symbolized : 
2Fe |~1S0CL - 2Fe(l3 \ 2kS02 "dh an excess of metal: 3Fe+2SOCl2 

“2FeGl2 I F(‘S * SO2 : nickel is not attacked at 200°. Several metal osddes are 
converted into cldorides or oxychlorides with the evolution of sulphur dioxide. 

G. Darzeiis and F. Bourion said that at temj). below 400°, thionyl chloride behaves 
towards metal oxid(\s like a mixture of chlorine and sulphur monochloride, but it 
is loss advantageous in jwactice as a chlorinating agent owing to the dilhculty 
of o])taining it free from ])hosp]iorus compounds. H. H. North and A. M. Hageman 
said that at 150°-250°. the metal oxides react: M 0 +S 0 Cl 2 ~-MCl 2 ~f-S 02 ; and 
with a metal forming two chlorides, the lower chloride is first formed, and this is then 
oxidized to the liiglier chloride: 3 MCl 2 ~l iSOClo -3Mn4-f2802-1-SoClg. They 
found that cupric oxide reacts : CuU ^ 8(5ri2-CuOlo f -^02 ; and cuprous oxide : 
CU 2 O |'3SOri.j ~2Curij.-’ SCl.j f 2 SO 2 . Onlv a trace of chhjride is produced when 
thionyl chlori(le reacts w ith silver Oxide under these conditions; calcium, strontium, 
and barium oxides are not atta( 3 ked by thionyl chloride at 200 °, nor is bervllium 
oxide attacked : magnesium oxide reacts : MgO-f-SOCk—MgCl 2 +S 02 ; and adnc 
and cadmium oxides react in an analogous manner, in a sealed tube at 160°, 

H. North found that mercuric oxide reacts: HgO-faSOClg^HgCL^SOoCk 
482012 , but if the thionyl chloride be not present in large excess: HgO t*S() 0 l 2 

~HgCl24 »^02. H. B. North and A. M. Hageman found that aluminium and 
chromic oxides are not attacked by thionyl chloride at 200° ; G. Darzeiis and 
F. Bourion found that at a higher temp, chromic oxide forms the chloride and with 
l a nth a n um, samarium, zirconium, and thorium oxides, the anhydrous chloride is 
also produced, but with tungstic and vanadic oxides, oxychlorides are formed ; and 
with titanic oxide, a sulphochloride was formed, and with gadolinium OXide, a 
mixture of chloride and oxycldoride was formed. H. B. North and A. M. Hageman 
said that tin dioxide is not attacked at 200°. H. B, North and C. B. Conover said 
that the reaction with metal sulphides at 150°-180° can generally be represented by 
M 8 4* 2 SOCl 2 ~MCl 2 4“ 8024 - 82012 ; for example, this reaction applies to copper, 
silver, zinc, cadmium, and mercuric sulphides; similar remarks apply to covdlUe, 
argentite, sphalerite, and cinnabar and to galena or lead sulphide; with stannic 
sulphide the reaction is SnS24-4S0Cl2=SnCl4+2S024-2S2Cl2 ; and with ferrous 
sulphide there is a complication owin^ to the oxidation from the ferrous to ferric 
state: OFeSri-lbSOCU—6FeCl34-8S024‘ 7 S 2 CI 2 * They found that while the minerals 
argentite, wolghdemtCj and cdbaliite were not attacked by thionyl chloride in a sealed 
tube at 150°-175°, a few hours’ heating decomposes galena, pyrites, cinnabar, orpi- 
ment, stibnite, and arsenical pyrites, vfhWepyrargyrite, proustite, covellite, sphalerite, 
and ietrahedrite require one to two days for their decomposition. 

According to A. Michaelis,^ thionyl bromide, SOBrg, is produced by the action 
of bromine on thionyl aniline; C^jHg.N: SO-f SBrsr^CeHjBrgNHj.HBr+SOBr^. 
He said that the brown liquid product is difficult to purify. This was confirmed by 
H. A. Mayes and J. B. Partington. P. J. Hartog and W. B. Sims prepared it by 
the interaction of sodium bromide and thionyl chloride. H. A. Mayes and J. R. Part^ 
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iiigton said that the action with potassium bromide is slow, and the large hulk of 
solid renders the first distillation in vacuo very awkward. A. Besson found that 
while dry hydrogen bromide has no action on thionyl chloride in the cold, the 
reaction at the b.j>. results in the partial substitution of the chlorine by bromine. 
The fractional distillation of the product under reduced press, furnished thionyl 
bromide, and chlorobromide. H. A. Mayes and J. R. Partington prepared thionyl 
bromide by this process. A. Besson later obtained the same products by the actiou 
of aluminium bromide on thionyl chloride. The reaction is vigorous, and when the 
soln. is cooled, crystalline complex compounds of aluminium chloride and bromide 
with thionyl chloride are deposited. When the product is distilled under reduced 
press, it furnishes thionyl bromide. A better yield is obtained by the action of dry 
hydrogen bromide on thionyl chloride at a temp, not exceeding lOC^. Wlieu the 
product is distilled under reduced ])ress., it furnishes thionyl bromide, boiling at 
68° under a press, of 40 mm.; the higher boiling fraction, thionyl cldorobroniide ; and 
sulphur bromide are also separated by fractional distillation. A. Besson said that 
thionyl bromide is not formed by the action of sulphur dioxide on })hosphorus 
pentabromide. H. A. Mayes and J. R. Partington found that the reaction which 
occurs on adding the calculated quantity of siil[)liur trioxide to cooled sulphur 
bromide results in a violent effervescence: S2Br2-!-S03--S0Br2 The 

distillation of the product furnishes unchanged sulphur monobromide, and so little 
thionyl bromide that the method is useless as a mode of preparing thionyl bromide. 
Thionyl bromide was said by P. J. Hartog and W. E. Sims to be a deep crimson 
liquid ; A. Michaclis, a brown liquid--but these liquids were probably contaminated 
with sulphur bromides, and bromine, since A. Besson found it to 1)6 a pale yellow 
liquid. P. J. Hartog and W. E. Sims said that the sp. gr. of the hygroscopic litjuid 
is 2-6 at 18°, and A. Besson, 2-61 at 0°. H. A. Mayes and J. R. Partington said that 
the yellowish-orange liquid has a sp. gr. 2*697 at 15°/4°, 2*692 at 1774°, and 2*672 
at 2574°. The surface tension at 17° is 43*71 dynes per cm., and at 25°, 43*08 dynes 
j>er cm. The results are in agreement with a small degree of association. A. Besson 
added that the liquid does not solidify at —23°, but does so at —50° ; H. A. Mayes 
and J. R. Partington gave —52° for the f.p. A. Besson found that thionyl bromide 
boils at 68° under a press, of 40 mm. H. A. Mayes and J. R. Partington found 
for the bq). at different press., p mm., 

p .22 47 104 138*6 219 316*6 471 680 773 

B.p. . 45® 62*6® 81*6® 90° 101*5° 111° 123*6° 136° 138® 

The ratios of the b.p. at different press, indicates a little dissociation. The mol. 
wt., calculated from the action of thionyl bromide on the f.p. of benzene, agrees 
with the assumption that 25 per cent, exist as doubled molecules. The mol. heat 
of vaporization is 10*4 Cals., and Trouton’s coefficient, 25*2 points to some 
association of the liquid. Unlike P.J. Hartog and W. E. Sims, H. A. Mayes and 
J. R. Partington were able to keep thionyl bromide in a stoppered bottle without 
decomposition for a few weeks; but decomposition does occur, and the thionyl 
bromide acquires a red colour owing to the formation of free bromine. About 
one-third decomposes: 480312—2802+82312+3312, when the liquid is dis¬ 
tilled at ordinary press. At a temp, a little above its b.p.—at 136°, according to 
A. Michaelis, and at 150°, according to P. J. Hartog and W. E. Sims—it decom¬ 
poses into sulphur monobromide, bromine, and sulphur dioxich^. H. Staudinger 
and W. Kreis observed that when the vapour is suddenly chilled from 100° to 
—190° bromine, sulphur, and sulphur dioxide appear. A. Besson added that 
thionyl bifomide is rapidly decomposed by water; and in contact with mercury 
it ^elds sulphur, sulphur dioxide, and mercurous bromide. H. A. Mayes and 
J. K. Partington said that thionyl bromide is a very reactive liquid attacking both 
cork and rubber very readily. It is soluble in the more inert organic solvents— 
e.g. benzene, carbon disulphide, carbon tetrachloride, and chloroform. It reacts 
vigorously with acetone, forming a vapour which has a very irritating effect on the 
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eyes ; with orgauic aciiLs it forms acid hroinidcs ju^^t as thi(ni}d chloride gives acid 
chlorides. The corres])()iidiiig thiontjl itHlhlv, SOD, has not been j)re])ared. 

A. Besson r<‘])orted thionyl chlorobroniide, SOOIIm-, to he formed as just 
imlicHted. it is dc'^cribed as a ]);de yellow liciuid vvliich boils aud slightly decom- 

]>ost“^ at about 115 ’ under nonnul ])ress., aud does 
not solidify at --23^; the s)). gr. 2*31 at t)''\ At 
a tenij). a little above its b.|)., it deeom])oses into 
sulphur dioxide, thionyl chloride, bromine, and 
siilpimr bromide, and tin* same decomposition takes 
plan* sl(>wly m tlie cold The <*hlorobronnde is 
rapidly deeonijrosed Iry water. In contact with 
nnaeury, thionyl chloride and mercurous bromide 
aie formed, sulphur is liberated, and sulphur di 
oxide is given oil. II. A. Mayes and J. B. Fart- 
ineton measured the f.p. of mixtures of thionyl 
elijoride and bromide, and the results are illustrated 
by Fig, 141. The .simple mixed-crystal curve shows 
a minimum, but no eutectic. They were also 
unable to establi.sh the e.visteuce of thionyl chloro- 
bromide a^ a luomiuution product of thionyl 
chloride boeause (i) it is impossiide to sej>arate any 
<*onstant-boilmg liquid, other tlnin thionyl chloride 
and thionyl bromide, from the [uodiiet of biomiimfion of thionyl chloride with 
liydrogiui bromid(‘. (id The freezingqxunt (urxa* siiowh that no intermediate 
compound is present in mixture.s of thionyl < Idornh* and iiromide. (iii) Fliysu'al 
pr<)j>erties show th.it the product of bromination of thionyl chloride i.s exactly the 
same as mere mixtures of thionyl efiloride and bromide. 



Fit;. 14:4.—I’^reezing-point Ciirvcb 
of Mixtures of Tiiiunx I Chlondo 
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^ .M. Meslans, Hull. Chnn., 15. 39J, 18^6 : H. Mai.s.san anil P. Lebcau, Compf, Rend.p 
130. J900; K. ihii*!, I ei'Hurfi zur IhuMeliuu^ nnrs SrhfvtfeltcJrajluoridfi^ lli'rhn, 1905 ; 

O. lluti and K. Thiel, JUr., 38. 549, 1905; O. Untt, II. tlraf, VV. Heller, and M. Kuuch, ih,, 39. 
4310, 1907 : W. iStemkopf and J. Herold, Jou,n. pruki. Vh m., (2), 101, 79, I92U ; F. Wimderheh, 
hm h( ilrag zvr Kenntms dvr /lu(tr.*{ulfousfiun n Sah( und uber dnv nciu ihtri^tvUunqsu'Vtsv 
tSuIfnnjlJlunrids, Berlin, 1919. 

^ (’. A. V\ urtz, Hull. Soc, CVum., (2), 5. 243, IHOU , Jhnd., 62. 460, 1866 ; P. Seluitzen- 

berger. th., 69. 352, lS(i9 ; A. Be.SbOii, 122. 320, 1896; 128. 884, 1896; A, Besson and 
L. Fourni. r, 150. 1752. 1910; F. K. Blaise and M. Montauno, i7»., 174. 1173, 1553, 
1922; P. Freundler, d>., 142. J153, I9<H); K. Manjuis, ib., 143. 1103, 1900 ; <P Darzens, 


iVy, 152. 1.314, 1001, 1911; (i. Darzens and F. Bourion, i5., 163. 270, 3912; d, Persoz and 



6. 993, 1873 : A. Mil hatdiw and \V. Jacobi, ib., 26. 2158, 1893 ; A. Michaelis and G. Wagner, ih., 

Fhihps, '^ 0 ., 23. 559. 1890 ; A. Miehaelia and K. GihIcIuuix, 
no » : Mudiaelis and K. Her/, i7>., 23. 3480, IStK) ; A. xMichaeHs and G. Schroter, 

6 ., 26. 21oo, 1893 G. SrhrdUT and M. Lewinsky, t5., 26. 2171, 1893 ; A. Michaelis, G. Schroter, 



274. J]^ 1893 ; A. Michaelis and P. Sidundler, i5., 310.137, 1899 ; H. Wieland and P. Kapmd- 

V* ! * »70. 297, ms ; K. Kram, //>., 118. 95. 1961 f H. SchifT, 

/n., 102. Ill, I8«r " r. ' f .. .. 



pV. C/ifm., 12. 433, 1893; A. Mente, Amer. Ch^m, Joum., 
10. J.D, 1888; Liebigs Ann.^ 248. 232, 1888; Uebtr einige anorganischt AmtV/c, Tubingen, 
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1888; VV. Majert, Gertmn Pal., D.R.P. 13H87U, 1901; (Jhcmi«chc FabriL von Huyrka» 
//>., 415312, 1024 ; Cbfinisvlie Fabrik von Huckan, ih., 284035, 1015; ('hc^mi^clio Fabrik 
(Sriosheini Kloktron, 130455, 1002 ; Farlnjiifabrikori vonn. F. Bayor, ib.^ 275378, 1015 ; 338S.)1, 
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§ fil. Solphiiryl Halides 

H. Moissan and P. Lebeau i prepared sulpharyl fluoride, SO 2 F 2 , by passing 
fluorine into an apparatus containing sulphur dioxide so disposed that the former 
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gas as it reaches the latter is strongly heated by means of a platinum wire placed at 
the inner end of the inlet tube and rendered incandescent by an electric current. 
Without this device, the combination of the gases is delayed, and then subsequently 
takes place with explosive violence. The gas may also be obtained by passing 
fluorine into moist hydrogen sulphide, when the former burns quietly with a blue 
flame; the product also contains silicon tetrafluoride, sulphur hexafluoride, and 
thionyl fluoride ; when the experiment is performed in glass vessels, the presence 
of moisture is not essential, the necessary oxygen being derived from the action of 
the hydrogen fluoride produced on the silica. The sulphuryl fluoride, freed from the 
other products by washing with water and with copper sulphate soln., is dried over 
fused potassium fluoride, liquefied, and fractionated in vacuo. 0. Ruff did not 
agree with T. E. Thorpe and W. Kirinan s assumption that sulphuryl fluoride is 
formed by boiling fluosulphonic acid : 2 F(HS 03 )= 802 F 2 +H 2 S 04 , because the acid 
is stable up to 9(X)° ; but W. Traube said that sulphuryl fluoride is probably formed 
when sodium fluosulphonate is heated in an atm. of carbon dioxide: 2 Nab 03 h 
-'Na 2 S() 4 +SOoF 2 ; and W. Traube and co-workers said that the most convenient 
way of making sulphuryl fluoride is to heat barium fluosulphonate to redness. 

Suli)huryl fluoride is said to be a very stable compound which at ordinary 
temp, occurs as a colourless, odourless gas ; which liquefies at —52°, and solidifies 
in liquid oxygen. The vaimur density at 15° is 3-55 when the value calculated for 
SOoFo is 3*53. The melting point is — 120 °, and the vapour press, at --120° is 
65 mm., and at —80°, 241 mm. The boiling point is —52°. The gas is stable at 
temp, below' dull redness, but w hen strongly heated in glass vessels, it interacts with 
the silica, forming silicon tetrafluoride and sulphur di- and tri-oxides. When mixed 
with hy^Ogen, and heated to redness, a white solid is formed, yielding sulphuric 
and hydrochloric acids when treated with water. The gas is but slightly decomposed 
by oxygen even when aided by the electric spark ; the gas has no action on water 
at 150° ; one part of the gas dissolves in 10 parts of w ater at 0 °. Flaorine has no 
action even at 200 ° ; hydrogen chloride has no action at a dull red-heat; sulphur 
readily decomposes the gas at a red-heat in glass vessels, forming silicon tetrafluoride 
and sulphur dioxide; selenium acts like sulphur; hydrogen fluoride at a dull red- 
heat gives a deposit of sulphur ; sulphuric add does not dissolve the gas; ammonia 
at ordinary temp, forms sulphuryl pentamminofluonde» SO 2 F 2 . 5 NH 3 , which is 
soluble in water. Sulphuryl fluoride has no action on phosphorus ; neither does it 
act on arsenic ; carton behaves similarly; alcohol absorbs three times its vol. 
of the gas at 9° ; toron has no action; silicon slightly decomposes the gas, but the 
reaction is not complete in an hour ; fused sodium, and caldum completely absorb 
the gas, for min g the corresponding sulphides and fluorides ; maguesinm, and ^n 
have no action even at a red-heat; an aq. soln. of potassium, oaldum, or banum 
hydroxide slowly absorbs the gas, but an alcoholic soln. of an alkali hydroxide 
rapidly absorbs the gas. 

In 1838, in his memoir: Sur Varide chlorosvlfurique et la svlfamide, 
H. V. Regnault 2 described how a mixture of equal vols. of chlorine and sulphur 
dioxide when exposed to sunlight, produces fumes which in the course of a few days 
condense for the most part to a liquid. This liquid may be purified by distillation 
over mercury, rejecting the first fraction, since it may contain sulphur dioxide. 
The product is sulphuryl chloride, SO 2 CI 2 . A. Coehn and H. Tramm, and J. Cathala 
found that the reaction is completely inhibited by the intensive drying of the gas. 
M. Trautz observed that the attainment of equilibrium in the balanced reaction: 
802012 ^=^ 02+012 is accelerated by animal charcoal, but not by cocoa-nut charcoal 
to any marked degree; and W. J. Pope showed that bone charcoal or activated 
wood charcoal is a convenient catalyst for promoting the union of the two gases to 
form sulphury] chloride. Combination occurs instantaneously when the reaction 
vessel is cooled to 30°—E. Terlinck recommended — 10 °—^and the chloride is 
condensed and can be drained away as rapidly as it is formed. No limit to the 
life of the catalyst has been observed. The subject was discussed by R. H. McKee 
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and C. M. SaUs, E. Scliering, E. Terlinck, and F. Bayer and Co. According to 
H. Danneel, sulpluirvl chloride is easily ])repared by the interaction of sul])hur 
dioxide and cblorine in prcflciice of activated car])on if provision is made for 
removing tlie heat of reaction, c.g., by allowing the catalyst tube to fill with liijnid 
siil]>hiiryl chloride and cooling externally. The sulphury! chloride overflows n.s it 
is formed through a side tube into a collecting vessel, a yield of 10() per cent, being 
readily obtained. In the system S02Cl2^'nd-S02, it was found that the percentage 
dissociation, a, 

102* 109* 110 0* 136 8* 158 0* 170 8* 178 5* 19M* 

a . 91*24 92-82 94-00 96-68 97-30 98*00 98-04 98-20 

The equilibrium constant K in /i^fSOoCL] "-[SO 2 UCI 2 ] is given by log iiC“—2254-2T-i 
+1'75 log r ~0*000455r-f-r. The calculated value for C is 3*32, but the observed 
values are between 2*98 and 1*35. B. Dushrnan, C. N. Hinshelwood and 
C. R. Prichard, and D. Alexejeff made observations on this subject. C. N. Hinsbeb 
wood and C. R. Prichard sliowed that the reaction occurs mainly in the walls of the 
containing vessel. D. F. Smith found that the velocity of decomposition is a first 
order homogeneous reaction, and can be represented by —dpidt -Jcp^ where at 
289-3'^, 299-5®, 320-1®, and 339-1® the values of arc respectively 6-09, 27-1, 

132-1, and 271-2. M. Trautz and D. S. Bhandarkar assumed that the dissociation 
of a mol, depcnids on the number of collisions between its constituent parts, and they 
derive Z where a represents the mean 

diameter of the reacting molecules . A, 
the mol. wt. of sulphur dioxide : and B, 
tlidt of chlorine. D. F, Smith found 
values of Q calculated by this equation 
gave satisfactory results. Y. K. Sirkin 
found that the quantum theory— 4 . 25,8 
—did not apply to the decomposition of 
sulphuryl chloride. H, L. F. Melsens 
obtained sulphuryl chloride, without the 
aid of sunlight, by passing sulphur di¬ 
oxide and chlorine into glacial acetic acid, 
and separating the sulphuryl chloride 
from the chloracetic acid, vsimultaneously 
formed, by fractional distillation; and it 
is also formed by the action of sulphur dioxide on carbon saturated with chlorine. 
According to H. Schulze, the presence of ethylene, charcoal, glacial acetic acid, and 
camphor accelerate th( union of the two gases in the absence of sunlight. By passing 
sulphur dioxide and < hlorine gases alternately through a flask containing a small 
quantity of camphor, say 5 grms., a large quantity of sulphuryl chloride can be 
easily prepared— e.gJ12 grms. after Iboperations when the action had almost ceased. 
V. Thomas and P. JJupuis said that sulphur dioxide unites with liquid chlorine. 
The Badische Anilir - und Sodafabrik prepared sulphuryl chloride industrially by 
dissolving some camphor in liquid sulphur dioxide, and then adding the calculated 
quantity of liquid chlorine. The sulphuryl chloride can then be distilled from the 
product. A. Frank el described the preparation of sulphuryl chloride by a similar 
process, T. P. van der Goot measured the f.p. ^f mixtures of chlorine and sulphur 
dioxide, eicpressed an molar precentages, and found : 

SO| . 0 17 3*0 9*6 24*1 64*6 70*9 91-4 100 

F.p. . -laa*?? - 95 * 3 ® - 39 * 4 ® -se*?** -84*7'^ -. 79 * 7 ° - 75 - 2 '^ 

These data, plotted in Fig, 145, show tliat no chemical combination occurs; if, how¬ 
ever, a trace of camphor be present, the curve, Fig. 146, is obtained, where the maxi¬ 
mum at —641° corresponds with the formation of sulphuryl chloride, SO 2 CI 2 . The 
eutectic, Ei, at —107*5° corresponds with 15*3 molar per cent, of SO 2 , and that at 



Fio. 145.—Freezing- 
point Curve of the 
System : Cl,-SO* 
(without catalyst). 



Fio. 146.—Freezing- 
point Curve of the 
System: Cl ,-80, 
(with catalyst). 
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with about 85 per cent. SOj^. A. Sniits and W. J. tie Mooy found —102*3° 
for the eutectic temp, with 1-9 molar per cent, of sul])hur dioxide. 

According to H. Schulze, camphor readily absorbs sulphur dioxide and 1 hereby liquefies, 
and the absorbed gas escax>es when the brjuid is exposed to air. Chlorine gas has no action 
on carnj)hor, but it is greedily absorbed by tlie above liquid until saturated, and a soln. of 
camphor in sulphury 1 chloride is formed, which can be easily sei)aratcd and obtained pure 
by distillation. This action cannot bo due to the mere condensation of the auliihurous 
anhydride and its action in the liquid state on the chlorine, for these two gases do not 
combine even when condensed and cooled to —20^^; but, on the other hand, in jiresence ot 
camphor the reaction takes place even at ~ 20'". Sulphurous anhydride combines in large 
I^roportiou with and liquefies glacial acetic and formic acids ; these acids are scarcely 
attacked by chlorine if sunlight is excluded, but the sulfihurous compounds greedily 
absorb chlorine with formation of siilphuryl (‘blonde, the acetic and formic acids remaining 
almost unacted on ; thus their mode t)f action seems to resemble that of canqihor. Alcohol 
and acetone also absorb quantities of sulphur dioxide ; chlorine} jiassed through these 
liquids acts on the alcohol and acetone, and in proportion as this proceeds tlie sulphurous 
anhydride escapes without being acted on. Other absorbents of sulphurous anhydride arc* 
sulphuryl chloride itself, and liquid sulphur trioxide. Chlorine passed into the latter soln. 
does not yield a trace of suljiliurvl chloride, no more than it does with the former. Tur¬ 
pentine absorbs sulphur dioxide, but it doe.s not eff<‘ct the union of this body w’itii chlorine. 
(Carbon bisulpliide and chloroform absorb chlorine, but the soln. is not acted on by sulphur 
dioxide. It cannot be suj^posed that the action of camplior, or acetic or formic acids, is 
due to their combining inonientarily with chlorine, and then passing it over to tlie sulphur 
dioxide in statu nascendi^ for the first two urufergo substitution to a slight extent only 
and the last is completely decomposed into carbonic anhj^drido and hydrochloric acid. If 
chlorine is ^lassed into a soln. of suljihur dioxide in cainjihor, but not to saturation, and the 
bulk of the sulphuryl chloride is then removed by distillation and the rest by shaking 
refieatedJy with water, there remains pure camphor containing no trace of chlorine sub¬ 
stitution-products. But if chlorme i.s passed to saturation, substitution-products arc 
formed, and increase in quantity on standing and introduction of more chlorine ; at 0"', 
however, this action is extremely slow. The solvent power of the sulphuryl chloride formed 
doubtless helps the action of the camphor ; but this dilution of the camphor, most favour¬ 
able at 1 ; 60, stops the reaction at 1 : lOO. A mixture of the two ga.se8 has naturally the 
same ofl'oet as above, but not until about two parts of sulphuryl chloride are formed to 
one of camphor does the i*eaction go on rapidly. With glacial acetic acid, the preparation 
may be carried on just as easily, but with formic acid, when about five times its volume of 
sulphuryl chloride is formed, the liquid sexmrates into two layers, the upper one consisting 
of the formic acid containing some sulphuryl chloride. 

G. Cusmano said that the life of the catalyst employed in the reaction 
S 02 +Cl 2 =S 02 Cl 2 depends on its resistance to chlorination by chlorine or sulphuryl 
chloride ; he found that ketocineole, cyc/ohexanone, me ithoue, and tetrahydro- 
carvone act like camphor in accelerating the reaction SOo -f CI 2 —SO 2 CI 2 , but not so 
with a-bromocamphor, camphorsulphonic acid, camphorquinone, or inonobromo- 
or monochloro-ketocineole—the reaction is, however, acceleiated by introducing a 
positive radicle into these compounds, thus, when ammonium chloride, and nitrogen 
heated together with iron at 300° under 50 atm. press.: 3 FeH- 6 NH 4 Cl “i- 2 N 2 ~ 3 FeCl 2 
~h 8 NH 3 . A gaseous mixture is obtained containing up to 99 per cent, of ammonia. 
The portion of this derived from the ammonium chloride maybe allowed to react with 
the ferrous chloride ; the ferrous hydroxide formed is reduced and the ammonium 
chloride recovered for further use. 

T. H. Durrans, and A. B. Roberts and T. H. Durrans found that thv} following substances 
catalyzed the reaction well; Ethyl acetate, ethyl t>obutyrate, ethj 1 acetoacetate, ethyl 
phenylacetate, ethyl benzoate, ethyl cinnamate, ethyl inalonate, fiioamyl formate, fsoamyl 
acetate, wroamyl nitrate, benzyl acetate, benzyl benzoate, benzyl cyanide, phenyl acetate, 
glyceryl triacetate, dichlorohydrin, phenyl phosphate, o-cresyl phosphr te, ethyl ether, benzyl 
other, amyl methylal, p-tolyl methyl ether, oucalyptole, methy^^(?o^agenol, benzaldehydc', 
anisaldehyde, acetylacetone, eyefchexanone, acetophenone, a-pin me, limonene. Of more 
moderate activity are: Acetal, 7>obutyl chloride, benzophanone, carvone, acetone, 
pyridine ; whilst those found to be inactive or nearly so c '>mpri9e : methyl benzoate, 
?>oamyl benzoate, methyl monochloroacetate, w-butyl trichlcroacetate, methyl sulphate, 
glycerol, benzoic acid, oleic acid, n-butyric acid, monochloroaceiic acid, trichloroacetic acid, 
cinnamic acid, salicylic acid, phenylacetic acid, j)entane, benzene, toluene, nitrobenzene, 
benzoyl chloride, acetyl chloride, chloroform, carbon tetrachl >ride. The following sub¬ 
stances on treatment with the gas mixture reacted: anisole, anethole, estragole, citral. 
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aoetal(3ohyde* salicylaldehyde, cinnamaldehyde, methyl, ethyl, n-butyl, t^obutyl, and 
benzyl alcohols, menthol, i-soeugenol, and naphthalene. 

T, H. Pnrrans added that acids, with the exception of acetic acid, appear to have little 
or no catalytic action, and acetic a(‘id itself is but a poor catalyst, whereas eaters are good 
catalysts and the salts of acids react with siilphtiryl chloride. Curious exceptions among 
the esters are those of the chloroacotiC and sulphuric acids, which arc quite inactive, 
whereas the est<'r8 of phosphoric and nitric acids aro good catalysts. There soem to be no 
obvious < oinrnon charaoteristif' among the substances which catalyze the reaction to which 
this action can bo ascriboji ; nor does the degree of solubility of the mixed gases seem to 
have more than a secondary hearing. This point is further borne out by tlie fact that if 
a large volume of sulphuryl cldoride bo taken and to it be added a small quantity of one of 
the non-catalysts no acceleraticjn of the absorption can be noticed, this being very slow, 
but if a similar quantity’ of a good catalyst be added the effect is quite decided. The use 
of one or other of the gases in an ex'eess over the oquimolecular proi)ortioii will cause a 
progressive slackening of the reaction, but on correctly proportioning the gases in the soln., 
the formation of sulphuryl chloride will ultimately proceed smoothly, provided that thf' 
catalyst is itself not permanently changed. If actual chemical reaction has taken place 
between one of the gas components and the catalyst, the former rate of absorption cannot 
bo attained and the reaction may cease entirely. It is inferred that only substances 
j)OSse8Bmg residual affinity in some fonn are capable of catalyzing this reaction, and that 
they exert tliis function by forming simultaneously with both chlorine and sulphur dioxide 
loose compounds, which then proceed to interact to form sulphuryl chloride and to 
regenerate the free cataly.st. The final reaction, being bimolecular, would have the greatest 
velocity when the concentrations of the two loose compounds were equal—this, in fact, being 
the case. Furthermore, an excess of one of the gases tends progressively to saturate the 
(‘atalyst at the expense of the other gas, thus inhibiting the final reaction by upsetting the 
equimolecular ratio. 

M. Trautz found the order of the reaction in the ])resence of a littie animal 
charcioal is more nearly normal with the decomposition than with the formation. 
In the latter case the velocity ('onstant decreases rapidly towards the end of the 
reaction. The formation of sulphuryl chloride in glass vessels under the influence 
of light from a quartz mercury lamp is of the second order at 99®, and gives a good 
constant. The photochemical reaction does not, however, lead to sulphuryl 
chloride alone, but many other sulistances are formed, which cause the velocity 
constant to decrease. In the case of the decomposition, the presence of these other 
substances makes it impossible to calculate a velocity constant. An increase in 
temp, of 80® decreases the velocity of formation by an amount corresponding with 
a temp, coefl. of 0-88 per 10 °. It was not possible to determine how far this is to be 
attributed to a shift in the position of equilibrium or to the disturbing influence of the 
secondary products ( 82012 , 803 , 80012,8205112 ^ 203014 ). The velocity of formation of 
sulphuryl chloride by light is of the same order as that in the presence of carbon in 
the dark, the effect being the same with a quartz mercury lamp and with a uviol 
lamp. M. le Blanc and co-workers found that in the system S 02 +Cl 2 ^S 02 Clo, the 
chlorine absorbs all light from the visible region to the middle ultra-violet and has a 
maximum at 340/ift: sulphur dioxide has an absorption maximum at 290ft/x and a 
minimum at 240 /x/a ; while sulphuryl chloride vapour absorbs all light from 300/x/x 
upwards. Th^ formation of secondary products in the reaction does not occur to 
the extent of 10 per cent, (i) When the system is illuminated by light which is 
almost wholly absorbed by sulphuryl chloride, the decomposition is quantitative 
between 55® and 100®, and the concentration has no perceptible influence on the 
course of the reaction, (ii) When the system is illuminated by light which is 
absorbed only by sulphur dioxide, only a slight reduction of press, occurs, and this is 
not due to the formation of sulphuryl chloride, but to a side reaction, (iii) When 
the system is illuminated by light which is absorbed only by chlorine, the formation 
of sulphuryl chloride continues until a stationary condition is set up. The velocity 
and also the position of the stationary condition depend, at constant temp., on the 
presence of a small quantity of water, and the higher the temp, the earlier the 
stationary condition is reached. In a number of cases a reversal is noted, so that 
the stationary condition does not come at the end of diminution of press., but of an 
increase in press. At the temp. 105° and 125°, at which the equilibrium in the dark 
is known, the stationary condition lies more to the side of sulphuryl chloride than in 
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the non-illuminated reaction. The lower the temp, the further apart are thfe end¬ 
points of the illuminated and the non-illuminated reactions. The temp, coeff. of 
the formation of sulphuryl chloride from chlorine and sulphur dioxide by light which 
is only absorbed by chlorine is small, and has little influence on the course of the 
reaction. According to J. K. Syrkin, 8ulj)huryl chloride decomposes at a higher 
speed than is accounted for by the radiation theory. H. Tranim studied the eSect 
of moisture on the photochemical formation of sulphuryl chloride. 

A. Besson and L. Fournier observed that a little sulphuryl chloride is formed 
when sulphur dioxide acts on sulphur monochloride at A. W, Williamson 

said that when phosphorus pentachloride acts on cone, sulphuric acid, chloro- 
sulphonic acid is first formed and then sulphuryl chloride. C. Gerhardt and L. Chiozza 
said that phosphoryl chloride and sulphur trioxide are formed. IL Schiff, and 
A. W. Williamson also said that it is produced by the action of phosphorus penta¬ 
chloride on sulphur trioxide, but A. Michaelis did not agree, and he also said that it 
is not formed by the action of phosphoryl chloride on pyrosulphuryl chloride. 
L. Carius said that sulphuryl chloride is formed by the action of phosphorus penta¬ 
chloride or of phosphoryl chloride on sul])bates—f'./;. lead sulphate—but A. Michaelis 
could not confirm this. L. Carius said that sulphuryl chloride is formed by the 
action of phosphorus pentachloride on benzolsulphonic acid, and by the action of 
sulphur chloride on sulphates ; and G. Gustavson, by the action of boron trichloride 
on sulphur trioxide. 

A. W, Williamson said that chlorosulphonic acid yields small quantities of 
sulphuryl chloride on repeated distillation, but P. Behrend could not verify this ; 
however, he did find that when clilorosulphonic acid is heated for 12 hrs. to 17()®-180° 
in sealed tubes, it is completely converted into sulj>huric acid and sulphuryl chloride, 
HO.SO 2 .Cl-(H0)2S0o-|-Cl2S02. The contents of the tube were repeatedly 
distilled at 110'^. The product was mixed in a separatory funnel with acid water ; 
the chlorosulphonic acid is decomposed, while the sulf)huryl chloride is scarcely 
attacked, and collects as an oily liquid at the bottom. It is dried over phosphorus 
pentoxide, and then distilled over a water-bath. H. Beckurts and R. Otto said 
that the yield by P. Behrend’s process is small, and they found sulphur dioxide and 
chlorine among the products of the reaction since sulphuryl chloride even at 
230'’-250° does not give these products. The action is therefore represented : 
2 (H0)S02C1-Cl2 MlO.SO 2 .SO 2 .OH, and H0.S02.S02.0H-~S024-H2S04. 0. Ruff 
found that the reaction is reversible : 2 Cl(HS 03 MS 02 Cl 2 +H 2 S 04 . A. Wohl and 
O. Ruff observed that the transformation of chlorosulphonic acid into molecular 
proportions of sulphuric acid and sulphuryl chloride is readily effected by boiling the 
compound with mercury or mercuric sulphate. If the apparatus is fitted with a 
reflux condenser at 70°, the sulphuryl chloride distils over in quantitative yield. 
The process is continuous, and other metallic salts, such as those of tin and antimony, 
may be employed as catalysts; sulphur dichloride and iodine monochloride also 
produce the same effect. This process was recommended by L. Bert. 

Sulphuryl chloride was described by H. V. Regnault, and P. Behrend as a colourless 
liquid, which fumes a little in air and possess a very penetrating odour. K. Heu- 
mann and P. Kochlin, and H. V. Regnault, P. Behrend, and B. von Pawlewsky found 
that the vapour density is normal for SO 2 CI 2 up to about 160°, and thereafter 
gradually decreases until at 440° dissociation is complete. M. Trautz, however, 
found that a marked dissociation occurs at a much low^er temp, than this— 
vide supra. The vap. density at 157*66° and 738*5 mm. is 2*4129 in agreement 
with a 93*02 per cent, dissociation; at 198*15° and 725*7 mm., 2*3749 and a 
96*11 per cent, dissociation ; and at 256*82° and 732*4 mm., 2*3386 and a 99*16 per 
cent, dissociation. 6. Oddo and E. Serra, and G. L. Ciamician found that the 
effect on the f.p. of benzene agrees with the molecular weight of SO 2 CI 2 . G. Oddo 
obtained for the moL wt. of soln. 0*527 and 2*454 grms. of sulphuryl chloride in 100 
grins, of phosphoryl chloride respectively 179 and 145—^theoretical 135—by the f.p. 
process; and G. Oddo and A. Casalino, for 1*9759 and 5*5435 grms. of sulphuryl 
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chloride in 100 grms. of the complex SO 3 . 2 POCI 3 , 107-2 and 106-2 respectively. 
E. B. R. Prideaux represented the electronic structure: 


Cl 

Cl 




0 

0 


A. F. 0. (ietman discussed sulphuryl chloride as a solvent. H. V. Kegnault gave 
for the specific gravity of the liquid 1-659 at 20 ° ; P. Behrend, 1-661 at 21 ° ; B. von 
Pawlewsky, 1-66738 at 2074°; R. Nasini and T. Costa, 1-685 at 12-4°/4° ; and 
T. E. Thorpe, 1-70814 at 0 °, and 1-56025 at the b.p., 69-95°; S. Sugden and co- 
workers gave for the sp. gr. 1*700 at 12°/4°, 1*671 at 25°/4°, and 1-640 at 38-5°'4°, 
or at ^7^^j ®P‘ gt. —1*727 f 0-00227^. T. E. Thorpe calculated that the molecular 
volume at the b.p. is 86-29. S. Sugden, and E. Rabinowitsch studied the mol. vol. 
W. Ramsay and J. Shields obtained 29-61 dynes per cm. for the surface tension at 
respectively 15*9° and 46-3°, and a2“3-51 sq. mm. for the specific cohesion at 
15-9° and 3-14 at 46-3°. They also gave 540-9 ergs, and 475-2 ergs for the mol. 
surface energy at 15-9° and 46-3 respectively. N. von Kolossowsky studied the 
relation between the capillary constants and the heat of vaporization. T, E. Thorpe 
found that the thermal ejcpansion is such that unit vol. at 0 ° becomes, at 
c-l f0-00123065^+00j59375^2 f-O-O7l45780^ M. Trautz gave -46° for the 
freezing point of the licjuid ; and T. P. van der Goot, 54-1° ; H. V. Regnault 
gave 77° for the boiling point, but this datum is much too high ; S. Sugden and 
co-workers gave 70-0" to 70*2° at 772 mm.; P. Behrend, 70-5°; (J. Gustavson, 
70°-71° ; F. Clausnizer, 72°-73° ; »J. Ogier, 69-9°; B. von Pawlewsky. 691°~69‘2° 
at 760 mm., and 68-3° at 740 mm. ; P. Walden, 68 ° at 745 mm., and 69-6° at 
771 mm.; while J. Thomsen gave 70^ at 765 mm. M. J’raiitz obtained for 
the vapour pressure, mm., ^—0-2 mm. at —78° : 

0® 17-99® 34-73® 44-75® 49-96® 54 97® 59-62® 64-94® 68-71® 

p . 40-92 96-2 209-6 314-8 386*6 463-4 646-4 666-2 744-7 


The dissociation of the vapour prevented B. von Pawlewsky measuring the critical 
temperature* M. Trautz found the heat of vaporization. A, to be 6-829 Cals, per 
mol. at 64-02°; 6-178 Cals, at 64-52°; 6-683 C^als. at 69-13°; and 6-667 Cals, at 
69-2°; and he gave A-=(l-0-01818p)(8940+3-5r-0-02845T2), where j) denotes 
the vap. press, in mm. at the absolute temp, T°. J. Ogier gave 524 cals. })er gram 
for the heat of vaporization, and 0-233 for the specific heat of the liquid between 
15° and 63°. M. Trautz gave 0-112 for the sp. ht. of the vapour between 16° and 
99° ; and for the molecular heat, Cp“15-5. E. Beckmann studied the use of 
sulphuryl chloride as an ebulliscopic solvent. J. Ogier gave for the heat of forma¬ 
tion (S, 02 , 012 )—82-54 Cals.; and J. C. Thomlinson found that the calculated heat 
of formation of 87-948 Cals., agrees best with the assumption that the sulphur is 
sexivalent 02 =S~Cl 2 . M. Trautz gave for the heat of formation (802,010)—18-696 
Oals., 7-55 Oals. for the heat of liquefaction at 17-84° ; and hence, at 0 °, the heat of 
formation is 10-304 Oals. per mol. The calculated chemical constant is 3-32. 
J. Thomsen found for the decomposition of sulphuryl chloride by water, 
(802Cl2,Aq.)—62*904 at 17*839°. D. F. Smith calculated the thermal value of the 
reaction to be 46-4 Cals, between 289-3° and 299*5° ; 51*85 Cals, between 299-5° and 
320*1° ; and 55-7 Cals, between 320-1° and 339-4°. R. Nasini and T. Costa gave for 
the in^z of retraction 1*458, 1-452, and 1-443 respectively with the Hy-rsiy, the 
F-ray, and the C-ray at 12*4°, B. von Pawlewsky gave 1-44372 for the D-ray at 
20°, and 35-92 for the molecular refraction, when the value calculated for quadri¬ 
valent sulphur in the formula 


Cl 

a 


is 35*76-35-89. M. le Blanc and co-workers found that the absorption spectrum of 
sulphuryl chloride vapour extends from 300 /m/x upwards. P. Walden found sulphuryl 
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chloride to be an ionizing solvent; and he gave 8-5 for the didlectric constant at 
20 °; and H. Schlimdt, 915 at 22 °. 

II. V. Regnault observed that Mi]]»huryl chloride is decomposed by water into 
hydrochI(»ric and sulphuric acids with the evolution of much heat; a little moisture 
was stated by W. Odling to transform it into chlorosiilphonic acid. G. Carrara and 
1. Zoppellari observed that in this non-homogeneous system, the reaction is of the 
first order, and obeys the same ]a^vs as actions of the same order in a homogeneous 
system. The velocity of the reaction is the same when O-l A-KOH is used instead 
of water, thus showing that the sulphuryl chloride is decomposed by the water and 
not by the alkali-lye. A von Bayer and V. \hlliger said that the 'nionohydrate, 
SOod^-IL^^ jiroduced on adding sul})huryl chloride to ice-cold water; the 
substance resemhles camphor in a])pearaiice and melts at the ordinary temp. It 
is only slightly soluble in cold water, and is but slowly decomposed by this solvent 
at 0 ° ; on allowing the temp, of the mixture to rise, the crystals disappear and the 
original chloride is regenerated, the inverse change taking place when the reagents 
are cooled. The hydrate is stable even in the presence of sodium hydrocarbonate, 
and the formation of the crystals is observed on adding sulphuryl chloride to an 
ice-clad aq. soln. of this alkali. The stability of the hydrate towards water and the 
hydrocarbonate seems to indicate that the elemants of water are not added to 
the acid chloride in such a manner as to form the dihydroxide, SOCl 2 (OH) 2 , for 
such a substance has a constitution corresponding with cblorosulphonic acid, 
SOCl(OH), a compound instantly decomposed in aq. soln. G. Carrara has 
criticised these observations. A. Michaelis found that the first product of 
the action of a little water on sulphuryl chloride is chlorosiilphonic acid : 
S 02 CI 2 +H 20 -:HC 1 +H 0 .S 02 .CI. According to R. H. McKee and C. M. Sails, in 
cases where the surplus chlorine of an electrolytic jdant is given off as hydrochloric 
acid, it is economical to convert it to sulphuryl chloride, and decompose the latter 
where the acid is required. The reaction is carried out in a packed tower with steam 
and sulphuryl chloride in the vapour phase, and dil. sulphuric acid as liquid. The 
heat of the reaction is 67 cals, per mol SO 2 CI 2 . T. P. van der Goot obtained for the 
f.p, of mixtures of chlorine and sulphuryl chloride, expressed as molar percentages : 

SOgCla . 0 3-3 22-7 30-5 640 84-5 91-2 100 

F.p. . -lOO-O'’ -102-1'’ -109-r -100-4° -74-2° -61-4° -541° 


The results are plotted in Fig. 147. The eutectic, is at —109-1° and 22*7 molar 
per cent. SO 2 . There is no sign of a higher chloride. M. Trautz observed that 



UtoliT percent SO2CI2 
Yxq, 147.—Freezing- 


bromine and iodine exerted no catalytic action on the de¬ 
composition of sulphuryl chloride at 99-3° ; and 0. Ruff 
found that sulphuryl chloride does not react with iodine 
alone, but it docvs so in the presence of aluminium chloride or 
iodide, forming iodine monochloride : SO 2 CI 2 +I 2 —2ICl-f SO 2 , 
and the trichloride when the sulphuryl chloride is in consider¬ 
able excess : 3 S 02 Cl 2 +l 2 = 2 ICl 3 -f 38 O 2 . A. Besson observed 
that dry hydrogen bromide at ordinary temp., or when gently 
heated, decomposed sulphuryl chloride, forming bromine, 
hydrogen chloride, and sulphur dioxide; hydrogen iodide be- 


point Curve of the 
System : 
Cla-SOaCl*. 


haves similarly, but some sulphur is liberated and water 
formed. M. Trautz observed no reaction with calcium hypo¬ 
chlorite at 99-3°. 


M. Trautz showed that nulphur does not exert any catalytic action on the 
decomposition of sulphuryl chloride at 99-3° ; K. Heumann and P. Kochlin observed 
no chemical action ; and 0. Ruff found that sulphur crystallizes unchanged from 
sulphuryl chloride when the two substances are heated together at 130° and subse¬ 
quently allowed to cool. H. B. North and J. C. Thomson found that at temj), 
from 75°-85°, the sulphuryl chloride dissolved and crystallized on cooling ; between 
95°-98°, about one-fifth of the sulphur separated on cooling ; and none after heating 
to 125°; and the reaction 802 Cl 2 + 2 S=:S 2 Cl 24 'S 02 appeared to be complete. 
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According to 0. RuiT, the chlorination of sulphur by sulphurvi ( hloridc occuin only 
when the temp, attains 200 ^, but if aluminium chloride be present, the reaction 
8 O 2 CI 2 { S 2 Cl 2 -|-S 02 is quantitative between 30° and 70° ; with h^ss sulphur, 

the reactio/i -f“S=SCl 2 +S 02 is quantitative at 40°. No thionyl chloride v\ as 

formed under these conditions. The effect of the aluminium chloride is attribiitiMl 
to the formation of aluminium sulphuryIcMoride, AlCis.BOo, as an intermediate 
compound AlCl 3 ^"S 02 Cl 2 ^AlCl 3 .S 02 -l- CI 2 . This is confirmed by the fact tliat v liilst 
a current of dry carbon dioxide passed through a flask containing sulphuryl chloruh* 
carries sulphur dioxide and chlorine with it in eq. proportions, there is an excess of 
chlorine evolved Avhen aluminium chloride has been added to the sulphuryl chloride ; 
further, if the temp, be gradually raised to 120 °, the residue in the flask is largely 
AICI 3 . 8 O 2 . It is assumed that the reaction is reversible, but it was not possible to 
obtain a satisfactory equilibrium constant owing to another reaction, namely : 
AlCl3.S02*-AlCl3 f-SOo. The compound AICI3 8 O 2 is stable at 100 ° in an atm. of 
sulphur dioxide, but in sulphuryl chloride soln. it can be entirely decomposed at the 
ordinary temp, by carrying off the free sulphur dioxide with a current of dry carbon 
dioxide. The net result, therefore, of adding aluminium chloride to sulphury] 
chloride is the simultaneous production of sul]>hur dioxide, chlorine, and the 
double compound AlCi 3 ,S() 2 , in other words, aluminium ^ 

chloride increases the extent to which sulphuryl chloride is 

dissociated. The chlorine liberated in the reaction be- __|_ 

tween aluminium chloride and sulphuryl chlorides converts ,_j_ i. _ 

sulphur into sulphur monochloride; and the aluminium ~/o^ 

chloride is regenerated by AlCl 3 .S 02 v-^AlCl 3 -|-S 02 . Unlike —I 

many other catalytic reactions, the aluminium chloride is -80^ - 

here involved in the equilibrium akin to the Pseudokatalyse of 

J. Wagner, or the V ebertracfungskatalyse of W. Ostwald ; and ~^o~ 20 ~ 4 f 60 to ioo 

when the catalytic agent increases the dissociation of one of Mokrper cent SOiCl^ 


the reacting substances, as here, O. Ruff proposed the term Fig. 148 .—Fre^ezing- 
Dissociationskatalyse. P. Rohland also discussed the catalytic point Curve of the 

reactions produced by aluminium chloride. A. Besson said fe'ystom: 

that hydrogen sulphide acts on sulphuryl chloride in the ' “ ' ® 

cold, forming sulphur, sulphur dioxide, and hydrogen chloride: 8 O 2 CI 2 
= - 2 HCl-hS 02 +S, but some sulphur rnonochloride is formed in a proportion which 
increases as the temp, rises; some water is produced at the same time: BO 2 CI 2 
-[-^ 028 — 2 H 2 O [- 82012 +B. T. P. van der Goot found for the f.p. of mixtures of 
sulphur dioxide and sulphuryl chloride, expressed in molar percentages : 

SOjCJ, . 0 6-5 28-5 330 63-4 64-8 93 1 100 

F.p. . -75*r -77*4° -84-5® -83-7° -74*3° ^57-4° -54-^ 

The results are plotted in Fig. 148, There is here no evidence of chemical combina¬ 
tion. The eutectic, A 3 , is at —84*5° and 28-5 
molar per cent. 8 O 2 CI 2 . For the ternary system : 

S 02 Cl 2 ~Cl 2 -S 02 , Fig.» 149, there is no evidence of / \ 

any compound other than sulphuryl chloride. The /\~ 7 \ 

ternary eutectic, E, is at 111-6°, and 76 per cent. ^ \/ \ 

of chlorine, 16 per cent, of sulphuryl chloride, and 
8 per cent, of sulphur dioxide. A. Michaelis re¬ 
presented the reaction with cone, sulphuric acid : 

S 02 Cl 2 +H 2 S 04 = 2 Cl(HS 03 ). V. Lenher found that 
selenium is rapidly attacked by sulphuryl chloride 
with the development of heat and the formation of ^4 
selenium tetrachloride and sulphur dioxide ; no re- Fio. 149.—P>eezing Points of 
action was observed with selenium dioxide at a high 
temp, or high press. F. Clausnizer said that sul- ' * * ' 

phuryl chloride reacts with selenium tetrachloride, forming Cl.S 02 . 0 .SeCl 3 (q.v.), 
and with selenium dioxydichloridCt at 170°-180°, in a sealed tube: SO 2 CI 2 f-SeOCh 




Fig. 149.—P>eezing Points of 
the Ternary System: 

SOaCb-CIjj-SOj. 
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™S 03 .SeCl 4 . B. von Horvath found that at ordinary temp., tellnnuiXl reacts with 
sulphurvl chloride in an atm. of carhon dioxide at a red-heat, forming tellurium 
tetrachloride and sulphur dioxide. V. Lenhcr observed that when sulphuryl 
chloride acts on tellurium in a sealed tube tellurium dichloride and afterwards 
the tetrachloride is formed ; and when the vapour of suli)huryl chloride is passed 
over tellurium dioxide there is no reaction. 

According to H. V. Regnault, sulphuryl chloride reacts with gaseous ammonia, 
forming ammonium chloride and sulj)huryl Jimide. W. Traube saturated with dry 
ammonia a soln. of sulphuryl chloride in 15-20 times its vol. of chloroform, and 
obtained what appeared to be sulphury] amide and imide (q.v.), A. Hantzsch and 
co-workers obtained trisulphimide ; dSOoCL t 12 NHa-“ 6 NH 4 Cl-|-({SOo : N.NH 4)3 ; 
and F. Ephraim and F. Michel, and M. Gurewitsch, found imidosulphamide (q.i\) 
to be the chief })roduct. The action of hydrazine compounds on sulphuryl chloride 
was discussed hy F. Epliraim and E. Lasocky—lu'dc the sulphohydrazides. 
W. C. Williams found that sulphuryl chIori<ie is inert towards nitric acid ; and he 
represented the reaction with potassium nitrate : 802 Cl 2 d- 2 KN 03 ~No() 4 -f CL 
-rK 2804 , })iit the reaction takes ]>lace with difficulty and is incomplete. 
T. E. Tliorpe observed no reaction with silver nitrate. A. Mente found that when 
ammonium carbamate acts on sulphuryl chloride, ammonium imidosulphonate, and 
ammonium chloride are formed. M. Trautz found red and yellow phosphorus have 
scarcely any action on sulphuryl chloride at 99-3°; K. Heumann and P. Kochlin foimd 
that tiiere is only a feeble reaction with yellow phosphorus, but the reaction is more 
energetic with red phosphorus, and sulphur dioxide and }>hosphorus trichloride are 
formed. H. B. North and J. C Thomvson found that the reaction with white or 
red phosphorus at 120° may be represented 3802Cl2d 2 P—-2rCl3"|“3S02, iit a higher 
temp, and with an excess of sulphuryl chloride some phosphorus pentachloride 
is formed: PCl 3 -t-S 02 Cl 2 —PC^-fSO 2 , but this reaction is far from complete. 
A. Besson found that phosphine reacts with sulphury] chloride, forming hydrogen 
chloride, phosphorus tritetritasulphide, red phosphorus, and traces of phosphorus 
trioxide and phospLoryl chloride. M. Trautz said that phosphorus trichloride and 
pentachloride are so gut wie wirkunglos at 99*3°, w^hile A. Michaelis observed that 
phosphorus pentachloride gradually decomposes sulphuryl chloride, forming thionyl 
chloride, phosphoryl chloride, and chlorine. D. Balareff said that boiling sulphuryl 
chloride converts orthophosphoric acid into the j)yro-acid. K. Heumann and 
P. Kochlin found that arsenic reacts with heated sulphuryl chloride, forming a 
mixture of arsenic trioxide and trichloride; and antimony forms antimony 
trichloride. M. Trautz observed no reaction with antimony at 99*3°. E. Beckmann 
found that arsenic trioxide is not dissolved by boiling sulphuryl chloride. F. Claus- 
nizer observed that sulphuryl chloride has no action on antimony trichloride. 
0. Ruff observed that antimony trisulphide dissolves in sulphuryl chloride, forming 
antimony trichloride with the separation of sulphur, but in the presence of aluminium 
chloride, sulphur dichloride is produced. F. E. Brown and J. E. Snyder found that 
vanadium oxytrichloride is miscible in all proportions with sulphuryl chloride. 

K. Heumann and P. Kochlin found that carbon has no action on sulphuryl 
chloride, and M. Trautz observed that while ordinary wood charcoal has very little 
action at 100 °, prepared animal charcoal accelerates the attainment of the equili¬ 
brium S 02 Cl 2 ^S 02 +Cl 2 , catalytically. K. Heumann and P. Kochlin showed that 
sulphuryl chloride acts on organic adds like phosphorus tri- and penta-chloride, 
exchanging the hydroxyl group for chlorine—thus, with sodium benzoate, benzoic 
chloride and anhydride are produced. Analogous reactions were observed by 
M. Conrad and H. Reinbach, A. Peratoner, H. Kast, A. Dubois, and W. R. Smyth. 
Mercury, camphor, and iodine have been used as catalytic agents in these reactions. 
W. Foster said that when ethylene is bubbled through sulphuryl chloride, no appa¬ 
rent change occurs ; but by var 3 ring the conditions, ethylene dichloride and sulphur 
dioxide are formed. A. Dubois chlorinated benzene by heating it with sulphuryl 
chloride in a sealed tube at 150°; A. Tohl and 0. Eberhard found that a temp. 
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of 160°~170‘^ was necessary. 0. Silberrad found that with aluminium chloride as 
catalyst, the chlorination of benzene occurs in a few minutes at ordinary temp. 
He also examined the effect of iodine, sulphur, thionyl chloride, sulphur monochloride, 
and ferric chloride as catalytic agents; the best results were obtained with a mixture 
of a soln. of sulphur monochloride in sulphuryl chloride along wuth aluminium 
chloride. A. TdhI and 0. Eberhard chlorinated hydrocarbons — e.g. toluene, />/-xylenc, 
^-xylene, mesitylene, Y^seudocumene, durene, prehnitine, pentamethylbenzeiie, 
ethylbenzene, w>j)ropylbenzene, and cymene—with sulphuryl chloride. A. Dubois 
obtained chlorobenzene from bcnasene and sulphuryl chloride at 16'^; and O. arid 
C. A. Silberrad and B. Parke studied the effect of various catalysts on the chlorina¬ 
tion of toluene. P. Behrend studied the action of sulphuryl chloride on various 
alcohols —methyl, ethyl, isobutyl, and benzyl—and found that the corresponding 
chlorosulphonate is formed : S 02 Cl 2 +CH 30 H==^HCl+CLS 02 . 0 CH 3 . R. Levaillarit 
and L. J. Simon showed that the reaction with methyl alcohol probably occurs in 
two stages: S 02 Cl 2 +CH 30 H=CH 30 .S 02 .Cl+HCl and CH 3 O.SO 2 .CI-+-CH 3 OH 
=(CH 3 ) 2 S 04 -fHCl. F. W. Bushong studied the action of sulphuryl chloride on 
sodium alcoholates. H. Danneel discussed the properties of soln. of paraldehyde 
and metaldehyde in sulphuryl chloride ; K. G. Naik and M. L. Shah, the action of 
sulphuryl chloride on substances containing methylene. L. Wenghoffer, and 
W. Eller and L. Klemm, chlorinated aromatic amines ~€.g, aniline—^by sulphuryl 
chloride; and K. Fuchs and E. KJatscher, a-trioxymethylene; B. Holmberg 
represented the reaction with mercaptans« 2 C 2 H 5 .SH+S 02 (/l 2 =(C 2 H 5 ) 2 S 2 f SOo 
-f2HCL The reaction was studied by H. S. Tasker and H. 0. Owen. A. Wohl 
chlorinated acetic acid by heating it with sulphuryl chloride at 115°-120^ under 
4 to 5 atm. press. U. Colacicchi studied the action of sulphuryl chloride on 
5-dimethylpyrrole; B. Oddo, and E. Cherbuliez and 0. Schnauder on organo- 
magnesium compounds; T. H. Durrans, on monosubstituted benzenes. 

M. Trautz observed that silicon has no action on sulphuryl chloride at 99-3°. 
F. Clausnizer observed that sulphuryl chloride does not react with silicon tetxa- 
chloride. K. Heumann and P. Kochlin found that sulphuryl chloride does not 
attack sodium vigorously. E. Fromm said that a soln. of sulphuryl chloride 
in absolute ether does not act on sodium or on powdered copper. H. B. Mortli 
found that silver does not react with sulphuryl chloride even at 300° ; gold is 
attacked after a prolonged heating in a sealed tube at 150°, forming anhydrous auric 
chloride. B. Fromm found that an ethereal soln. of sulphuryl chloride does not act 
on magnesium. H. B. North said that zinc, and cadmium do not react at 300° ; 
but E. Fromm and J. de Seixas-Palma represented the action of a dry ethereal soln. 
of sulphuryl chloride on zinc-dust in the cold by S 02 Cl 2 + 2 Zn“-ZnCl 2 +ZnS 02 — 
zinc sulphoxylate—and Zn-fS02Cl2—ZnCl2+S02. H. B. North found that 
mercury reacts Hg-f S02Cl2=H^l2+S02 at 160°~180°, and with an excess of 
mercury, the solid product is mainly mercurous chloride; and at 99*3°, M. Trautz 
observed that mercury and aluminium powder have no effect on sulphuryl chloride. 
K. Heumann and P. Kochlin found that tin is not strongly attacked by sulphuryl 
chloride. M. Trautz observed that vanadium, molybdenum, and tungsten have 
no effect on sulphuryl chloride at 99*3°; and a similar result was obtained with 
powdered iron. E. Fromm observed that an ethereal soln. of sulphuryl chloride 
does not act on powdered iron. R. H. McKee and C. M. Sails found that iron is not 
attacked at ordinary temp. H. B. North found that iron behaves like gold, forming 
anhydrous ferric chloride; and similarly with platinum, which forms anhydrous 
platinic chloride; M. Trautz observed that palladium black has no action on 
sulphuryl chloride at 99*3°. 

E. Spelta said that sulphuryl chloride is readily formed from chlorine and sulphur 
dioxide and is readily decomposed into these components. The chlorinating action 
of sulphuryl chloride is attributed to a slightly stable linking between the sulphur 
dioxide and chlorine. This linking must have a special form since rupture occurs 
preferably in the presence of elements having an electropositive character. 
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I. Gtiareschi found that sulphuryl chloride is absorbed by soda-lime* Sulphuryl 
cliloride does not react with mercuiic oxide })re])ared in the dry way, but yellow 
mercuric oxide readily reacts with sulphuryl chloride in a sealed tube at 150^": 
2 Hg 0 +S 02 Cl 2 =HgS 04 +HgC ]2 ; but if the sulphuryl chloride be in excess, some 
sulphur trioxide is formed : HgO 1 802 Cl 2 -^HgCl 2 +S 03 , H. B. North found that 
red mercuric oxide behaves similarly at IhO’^-lSO^. Some mercurous chloride is 
also produced. E. Spelta observed no reaction between sulphuryl chloride and lead 
oxide heated in a sealed tube for several hours at 140°-150" ; the reaction with 
lead dioxide may take place with explosive violence: 2 Pb 02 +S 02 Cl 2 ™PbS 04 
+PbCl 2+02 ; if the sulphuryl chloride is in slight excess, the temp, may rise above 
its b.p. and chlorine may be formed. M. Trautz observed no reaction occurs with 
caprous chloride at 99*3° ; E. Beckmann found that boiling sulphuryl chloride 
does not dissolve molybdenum trioxide or tungsten trioxide. M. Trautz 
observed that at 99-3^' sulphuryl chloride has no action on mercUTOUS or mercuric 
chloride, aluminium chloride —vide supra — stannous chloride, anhydrous ferric 
chloride, or potassium dichromate. F. Clausnizer observed no reaction between 
sulphuryl chloride and stiumic chloride. 0. Ruff said that molybdenum penta- 
chloride readily dissolves in sulphuryl chloride to a brown soln., and is then readily 
reduced (by sulphur, for example) to the yellow dichloride ; on adding aluminium 
chloride, it is immediately rechlorinated with evolution of sulphur dioxide, and, on 
cooling, a double-compound of molybdenum pentachloride and sulphur chloride 
separates from the soln. 

According to W. Odling,^ sulphuryl bromide, S 02 Br 2 , is produced, slowly and 
incompletely, when a mixture of bromine and dry sulphur dioxide is exposed to 
sunlight. The product was said to be a white, crystalline solid which, when heated 
with an excess of silver sulphate in a sealed tube, forms silver bromide and sulphur 
trioxide: S 02 Br 2 +Ag 2804 = 2 AgBr-f 2 SO 3 . F. Sestini observed that liquid 
sulphur dioxide dissolves bromine, forming an orange-red liquid which does not 
change its colour in sunlight. Neither G. Gustavson, nor H. L. F. Melsens was 
able to confirm W, Odling’s statements. M. Trautz said that sulphuryl bromide is 
not formed from sulphur dioxide and bromine at temp, between 106° and 202 ° ; or in 
light from a Nernst’s lamp in the absence of catalysts. H. Schulze observed no 
formation of sulphuryl bromide from bromine and sulphur dioxide in the presence 
of camphor; or when sulphuryl chloride is treated with hydrogen bromide: 
2 HBr-f- 8 () 2 Cl 2 —Br 24 -S 02 -f 2 HC 1 . According to H. Danneel, if sulphuryl bromide 
really exists, it decomposes at 18° with the evolution of sulphur dioxide. T. P. van 
der Goot measured the f.p. of mixtures of bromine and sulphur dioxide, and, express¬ 
ing the results in molar percentages, found : 

Brg 100 76-6 09-4 26-9 15-7 2*5 1-0 0-7 0 

F.p. --71° —13-3° —13-8° —15-8° —21*7° —580° —76-5° —75*3° —76-1° 


The results are plotted in Fig. 150. The eutectic is at —75*5° and 1*0 molar per 

cent, of bromine. The same curve was obtained 
in darkness, in light, and in the presence of cam¬ 
phor as catalyst. The general form of the curve is 
like that with the Cl 2 -S 02 -system, Figs. 145 and 
146. 

W. Odling said that when a mixture of iodine 
and dry sulphur dioxide is exposed to sunlight a 
compound corresponding with sulphuryl chloride 
is slowly formed—presumably jsillphuryl iodide, 
SO 2 I 2 . F. Sestini found that liquid sulphur dioidde 
dissolves about one-seventieth part of iodine—ap¬ 
proximately 1 c.c. dissolves 0*1 grm. of iodine— 
forming a brownish-red liquid which does not 
change in sunlight, and which furnishes crystals of iodine when cooled. H. Schulze 
observed no formation of sulphuryl iodide from sulphur dioxide and iodine in the 
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presence of camphor, or when hydrogen iodide acts on sulphuryl chloride: 
2HI+S02Cl2”2HCl+l2+802. There is therefore no reliable evidence establish¬ 
ing the individuality of sulphuryl bromide or iodide. 
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§ 52. Sulphur Oxyhalides 

11. Rosc'a observations, 1 mentioned in his j)aper: Fine der Schive/elsdure entsprech- 
nidc ildorverhindwng des Scluve/eh, on the action of sulphur monochloride on 
Milphur trioxide have been previously discussed ; he observed that PSTTOSUlphuryl 
chloride, S 0 O 5 CI 2 , is a Jiroduct of the reaction; and he regarded it as a compound of 
t wo mols. of sulpliTir trioxide in which an atom of bivalent oxygen is replaced by two 
atoms of univalent chlorine, CLSO 2 .O. 8 O 2 .CI. He recommended the following mode 
of ])rei)aring this compound : 

Mix 20 to 30 vols. of fuming Kulphuric acid, cooled by a freezing mixture, with one vol. 
of sulpliur raonochloride. saturated as much as possible with chlorine. The dark brown 
mixture on which a lighter liquid generally floats, is distilled. The excess of sulphur mono- 
chloride together with much sulphurous acid passes over first, and afterwards pyrosulphuryl 
chloride, ^sulphuric acid remains in the retort. The distillate is freed from sulphuric 
acid by fractional distillation. 

The reaction is presumably: 58 O 0 +S 2 CI 2 ™S 205 Cl 2 + 5 S 02 . Sulphur trioxide 
may be chlorinated in other ways: A. Michaelis used thionyl chloride: 
2 S 03 +S 0 Cl 2 =S 205 Cl 2 +^ 02 , phosphorus pentachloride; 2 SO 3 +PCI 5^-8205012 
bPOCl 3 , or phosphoryl chloride in a sealed tube at 160® : 6 SO 3 + 2 POCI 3 
~ 3 S 205 Cl 2 -f P 2 O 6 ; H. E. Armstrong, chloroform : 2 S 03 +CHCl 3 =:=S 205 Cl 2 +C() 
-f-HCl; H. E. Armstrong, G, Oddo and A. Sconzo, G. Oddo, H. Erdmann, Y. Grignard 
and P. Muret, and P. Schiitzenberger, carbon tetrachloride, 2 S 03 +CCl 4 ^S 205 Cl 2 
-fCOClg; M. Prud’homme, carbon hexachloride, 2 SO 8 +C 2 CI 6 —S 2 O 5 CI 2 +C 2 OCI 4 ; 

G. (iustavson, silicon tetrachloride, 4 S 03 +SiCl 4 ~- 2 S 205 Cl 2 +Si 02 ; and A. Rosen- 
stiehl, sodium chloride, 4803 -f 2 NaCl“ 8205 Cl 2 +Na 28205 . Chlorosulphonic acid can 
be employed in place of sulphur trioxide, and A. Michaelis heated this substance with 
phosphorus pentachloride, 2 CIHSO 3 + PCI 5 = 8205012 +POC 13 H- 2 HC 1 ; and G. Billitz 
and K. Heumann, D. Konowaloff, and J. Ogier heated phosphorus pentoxide, and 
chlorosulphonic acid in a flask fitted with a reflux condenser: 2 HCISO 8 +P 2 O 5 
=8205012 + 2 HPO 3 , and obtained a 93 per cent, yield. 0. Moureu heated 2 mols of 
sulphuric acid with 3 mols of thionyl chloride and obtained pyrosulphuryl chloride ; 
A. Ditte heated sodium hydrosulphate or ferrous sulphate and sodium chloride ; and 

H. Quantin, potassium or barium sulphate at a red-heat with carbon tetrachloride. 
W. Prandtl and P. Borinsky found this to be the most convenient process. 
A. Besson found that pyrosulphuryl chloride partially decomposes when boiled under 
ordinary press., but it can be fractionated under reduced press., and boils at 53 ® 
under a press, of 15 mm., whilst chlorosulphonic acid boils at 65® under the same 
press. It can be freed from chlorine by agitation with mercury, care being taken to 
keep the temp, well below 60®. 8 ulphur trioxide and chlorosulphonic acid are 
removed by adding phosphorus pentachloride in excess, and the pyrosulphuryl 
chloride is then readily purified by fractionation. Attempts to make pyrosulphuryl 
chloride by heating sulphuryl chloride and sulphur trioxide at 100 ®, or by pro¬ 
longed exposure to sunlight, were not successful. 



SULPHUE 


C79 


Pyrosulphuryl chloride is at ordinary temp, a colourless, mobile, refracting liquid. 
It fumes in air less than sulphur trioxido, and it has a peculiar odour quite distinct 
from that of sulphur dioxide. It was analyzed by II. Eose, A. Eosenstiehl, and 
H. E. Armstrong. H. Eose found the vapour density to be 4 *329-4-580 ; J. Ogier, 
3*73 to 3-74 ; A. Eosenstiehl, 3*76, and 5-66 at 202 ° ; W. Prandtl and P. Borinsky, 
5*94 to 7-27 ; and D. Konowaloff, 7-3 when the calculated value for 82 O 5 CI 2 is 7-43. 
The high result was attributed by K. fleumann and P. Kochlin to the presence of 
sulphuric acid ; and the low results were attributed by I). Konowalofl to the presence 
of some chlorosulphonic acid ; but K. Heuinann and P. Kochlin sliowed that the 
results between 160° and 442° depend on the tenij). Near the b.p., the o])Scrved 
vapour density is near the theoretical value for ^ 205 ( 30 , but at 442°, the observed 
density is only half the theoretical value. H. Eose said that the vapour 
withstands a temp, of 217° without decomposition, but when passed through a 
red*hot tube it is jiartially resolved into chlorine and sul[)hurous and sulphuric 
oxides. The higher the temp, the greater the decomposition. H. E Armstrong 
found evidence suggesting that a ]>art of the sulphur trioxide unites with the 
excess of sulphuryl chloride, forming a liquid boiling below 10 ()° and decom- 
])osing into its constituents in a current of carbon dioxide. According to 
A. Eosenstiehl, pyrosulphuryl chloride is completely decomposed at 2(X)°, but 
not into sulphuryl chloride and sulphur trioxide as suggested by A. Lieben. 
The specific gravity was found by H. Eose to be 1-818 at 20°; A. Michaelis gave 
1-819 at 18°; G. Carrara and 1 . Zoppelari, 1*8512 at ll°/4°; V. Grignard and 
P. Muret, 1*834 at 19°; A. Eosenstiehl, 1-762; and D. Konowaloff, 1*872 at 0 °. 
W. Prandtl and P. Borinsky gave 1 *876 at 0 °, and 1*844 at 18°. T. E. Thorpe found 
1-85846 at 0°, and 1*60610 at the b.p,, 139-59° ; the molecular volume at the b.p. is 
133-55 ; and the thermal expansion is such that the unit vol. at 0° becomes, at 6 '\ 
V ■.l-bO-C4X)96830 |-O O«867O90^+O-O7l8623^‘h I). Konowaloff gave 0-249 for the 

specific heat between 18° and 80°, and 0*254 between 21° and 152° ; J. Ogier gave 
0*258 between 15° and 130°. A. Besson found that when the purified liquid is 
strongly cooled, it forms a white, crystalline solid with the melting point —39°. 
H. Rose gave 145° for the boiling point ; A. Michaelis, 146°; A. Eosenstiehl, 145°- 
150°; H, E. Armstrong, 141° 145°; P. Schutzenberger, 130°; 1). Konowaloff, 
153° at 752 mm. ; and T. E. Thorpe, 139*59° at 760 mm. ; J. Ogier, 140*5° ; and 
V. Grignard and P. Muret gave 57° at 30 mm., and 52° at 15 mm. The low results 
are referred by D. Konowaloff to the presence of chlorosulphonic acid ; and the high 
results, by K. Heumann and P. Kochlin to the presence of sulphuric acid. G. Billitz 
and K. Heumann gave 145° 147°, and A. Besson, 142°-143° at 765 mm. J. Ogier 
gave 08 cals, per gram, or 13*16 Cals, per mol for the heat ol vaporization at 
23-25°. According to J. Ogier, the heat of formation of liquid pyrosulphuryl 
chloride from its elements is 159-4 Cals. ; H. Konowaloff gave 188-2 Cals. ; J. Ogier 
found the heat of decomposition by water I 0 be 8205012+1120 " 2 ClHS 03 iir,uid +27 
Cals. ; and I). Konowaloff, for the heat of decomposition with potassium hydroxide 
soln. 0-896 Cal. per gram. V. Grignard and P. Muret gave 1-449 for the index ot 
refraction at 19°. According to V. Grignard and P. Muret, the diamagnetism and 
mol. refraction indicate that sexivalent sulphur is present, and physical and chemical 
properties agree with the formula C10.S0.0.80.0C1. 

V. Grignard and P. Muret said that pyrosulphuryl chloride is hygroscopic, and 
has a characteristic odour. They said that the vapour-density determinations at 
various temp, indicate that decomposition follows the irreversible equations, 
82 O 5 CI 2 -"SO 3 +SO 2 +CI 2 and 8205012 ^ 803 + 802 ( 32 , and this is confirmed by the 
analysis of the decomposition products. At 2(K)°, in the prestmce of sulphur dioxide 
and chlorine, the first reaction occurs to a small extent, and gives place to the 
second reaction above this temp. The reaction S 02 Cl 2 =^-=^S 02 +Cl 2 tlien occurs, and 
decomposition is eomjdete at 360°. According to H. Eose, when pyrosuljihuryl 
chloride is put into water it sinks to the bottom in oily drops which do not 
dissolve for several hours even when stirred. It appears to be resolved into a 
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hydrate before it dissolves. Water decomposes it into su]i)huric uiid hydrochloric 
acids : S205Cl2+3H20~2H2S04 \ 2HCI; if the ]>vrosiil})huryl chhjride is con¬ 
taminated with sulphur chloride, it dp]»o.sit.s sul])hnr when decomposed by yrater, and 
emits a faint odour of sulphur dioxide. Analogous oliservations were made by 

H. E. Armstrong, and A. Michaelis : while D. Konowalod said that the hydrolysis is 

energetic when the water is warm. AV. IV«‘indtl and P. Borinsky supposed the first 
stage of the reaction is; ^205(^2 1 2H(LS()-5. (b Billitz and K. Heuinann 

said that if 40 grms. of }>yrosuI{)huryl cliloride b<‘ warmed wdth 3 grrns. of w^ater 
between 154'^ and 158*^, it is converted into ])ure chlorosulphonic acid, and added 
that this transformation slowly occurs in moist air since after a few^ days exposure 
to moist air, the ])yrosulphuryl chloride contains some chlorosulphonic acid. 
According to V. Grignard and P. Muret. Milphuryl chloride is hydrolyzed quickly 
by tlie action of a large excess of w^ater, and conductivity measurements agree wdth 
the equation : {8205012 f 31120—2110804 4 2HC1. The action is slow at first until 
the chloride has dissolved, but is increased by the presence of impurities produced 
during the preparation. With less water, tw'o reactions occur, 82O5CI2+H2O 

~2HC10+2802, {^Oo-f 2HC10 H2SO4+CI2. In the presence of 1 to 3 mols 
of water per mol of chloride, the soln. has oxidizing properties. G. Carrara and 

I. Zoppelari said that the velocity of the reaction is such that if s is the surface area 
of the two liquids in contact; a, the quantity of pyrosulphuryl chloride; x, the 
quantity of the latter decomposed in the time (1/c^’O log {a/(a—x)}^aky where k is a 
constant equal to 0*00331 at 10*^, and 0*0100 at 30°. H. Rose stated that pyrosuL 
phuryl chloride absorbs chlorine, forming a yellowish-green liquid which smells 
strongly of chlorine, and evolves that gas with effervescence at 25° ; it appears to 
boil at 112°, and becomes colourless again aft^r the chlorine has escaped. A. Besson 
observed that pyrosuli>huryl chloride reacts with dry hydrogen bromide at 50°, 
liberating sulphur dioxide and bromine, and forming chlorosulphonic acid, and the 
latter in turn is decom[)()sed by the prolonged action of hydrogen bromide; hydrogen 
iodide in a vessel cooled by ice and salt furnishes similar products along with some 
hydrogen sulphide and sulphur. K. Heumann and P. Kochlin said that when 
pyrosulphuryl chloride is heated with flowers of sulphur, and distilled, it forms 
sulphur monochloride. The reaction was also studied by W. Prandtl and 
P. Borinsky, A. Besson found that it reacts slowly in the cold with hydrogen 
sulphide, and the main reaction is symbolized: S2O5CI24-H28—S4-2I1CI f SO3 
4-8O2; and on heating, the reaction 3S205Cl24-2H2S~82Cl2+HCl4-3S02 
4-3CIH8O3, which is secondary in the cold, becomes the chief or even the only 
reaction. H. Rose said that pyrosulphuryl chloride is miscible wdth sulphur trioxide, 
and the latter distils off first when the mixture is heated. W. Prandtl and 
P. Borinsky studied its action on selenium (q.v.), and tellurium ((y.-y.). F. Clausnizer 
observed that pyr()aul])huryl chloride reacts with selenium tetrachloride, forming 
selenium pyrosulphochloride, SeS03Cl4. H. Rose observed that w^hen treated with 
dry ammonia it forms a white, dry mass which when treated with water furnishes 
equimolar parts of ammonium sulphate and chloride. K. Heuinann and P. Kochlin 
observed that pyrosulphuryl chloride reacts with red phosphorus, forming 
phosphorus trichloride; A. Besson found that dry phosphine decomposes pyro¬ 
sulphuryl chloride at ordinary temp., forming metaphosphoric acid, phosphorus 
tritetritasulphide, etc. H. E. i^mstrong, A. Michaelis, and A. Geuther said that 
with phosphorus pentachloride it forms phosphoryl chloride, chlorine, and sulphur 
dioxide. Powdered antimony was found by K. Heumann and P. Kochlin to react 
vigorously with pyrosulphuryl chloride, forming sulphur dioxide and trioxide, anti¬ 
mony trichloride, and an antimony sulphate. A. Mente said that imidosulphuryl- 
amide is the first product of the action of ammonium carbamate on pyrosulphuryl 
chloride. K. Pleumann and P. Kochlin found that with aromatic sulpho-acicU an 
excess of pyrosulphuryl chloride furnishes disulphochlorides. A. Rosenstiehl found 
with sodium acetate, acetyl chloride, etc , are formed. 

K. Heumann and P. Kochlin observed that pyrosulphuryl chloride reacts with 
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copper* zinc* or iron, forming the metal chloride and sulphur dioxide ; A. Besson 
found that mercury is similarly attacked a bout 60'^; and A, Ditte, that when heated 
with gold* auric chloride is formed. A. Rosenstiehl found that manganates react 
with pyroaulphuryl chloride, forming chlorine ; w^hile chromates form chromyl 
chloride. H. Rose heated a mixture of p 3 rrosulphuryl chloride and sodium chloride 
and obtained a solid, transluscent mass which no longer fumes on ex}>osure to air 
When heated, some pyrosulphuryl chloride, mixed with chlorine, passes over, and 
the remainder is converted into chlorine, sulphur dioxide, and sodium ])yroviil|Aiate. 

W. Traube found thatamol, of sodium chloride absorbs 2 niols. of sulphur trioxide, 
forming a hard crystalline mass of what is considered to be sodium chloropyro- 
sulphonate* Na 0 .S 02 . 0 .S 02 .Cl, while sodium ehlorosulphonaU^ is ])robably an 
intermediate product of the reaction. It fumes in the air, and is de(*om])osed by 
water, more slowly by alcohol. When added to a chloroform soln. of diamylaniine, 
diamylamine sulphamate is formed, which agrees with the formulation of the salt as 
a chloropyrosul])honate. No evidence of the existence of the product NaCl( 803)4 
could be obtained. Ammonium chloride first liquefies under the action of sulphur 
trioxide, and then gives a crystalline product consisting of ammonium chloropyro- 
sulphate, NH 4 O. 8 O 2 .O. 8 O 2 .CI. H. Rose, and A. W. Williamson said tliat ammonium 
chloride absorbs the vapour of sulphur trioxide without developing any gas, and pro¬ 
duces ammonium chloropyrosulphate ; when heated, it gives off hydrogen chloride. 
W. Traube obtained the salt having properties similar to that of the sodium salt. 
It cannot be the hydrochloride of a sulphamic acid, since the latter is not found in 
soln. when the salt is decomposed by alkali-lye. No evidence of the formation of 
A. Schultz-Sellack’s NaCl( 803)4 was observed. 

J. Ogier 2 prepared what ho regarded as sulphur oxytetrachloride, 82 OCI 4 , by heating 
a mixture of sulphur raonochloride and sulpliiiryl ehloridti in sealed tubes at 250® for several 
hours. On opening the tubes, sulphur dioxide is evolved in considerable quantity, and on 
distillation, the product yields a deep red liquid of lower boiling point than tho two known 
oxychlorides, together with the excess of sulphur chloride, which contains dissolved sulphur. 
The rod product is formed in accord with 2S2Cl2-|-2802Cl3=2S20Cl4'f + It is also 

obtained, although with greater difficulty, by heating sulphur rnonochlonde at 250° with 
thionyl chloride saturated with chlorine, thus: S 2 CI 2 +*f^l*4-28001 2 = 2820014 . Sulphur 
oxytetrachlorido is a deep red liquid, with an odour resembling that of sulphur chloride, 
but more penetrating. The sp. gr. is 1*65(> at 0°, and the b.p. is 60°~61°. When heated, 
it decomposes even below 100 ° into sulphur monochloride, chlorine and sulphur dioxide. 
This dissociation prevents an accurate determination of the vapour density ; but observa¬ 
tions at as low a temp, as possible gave 3-87 (air unity). Tho oxy tetrachloride is decom¬ 
posed by water, with precipitation of sulphur, part of which is insoluble in carbon bisulphide, 
and formation of hydrochloric, sulphuric, and sulphurous acids, together with a notable 
quantity of thionic acid. The oxychloride reacts violently with absolute alcohol, hydro¬ 
chloric acid, ethyl chloride, and sulphurous anhydride being evolved. The colourless 
liquid formed remains clear, but on distillation excess of alcohol first passes over, then a 
large quantity of sulphur is precipitated, and finally normal ethyl sulphite distils ov^er at 
about 150°. Precipitation of sulphur is also caused by addition of a trace of water to the 
clear liquid. Possibly the alcoholic liquid contains the ester of an acid derived from S 2 O 3 
the oxychloride being formed from S 20 a by the substitution of CI 4 for O 2 . R- d. Knoll 
said that the alleged oxytetrachloride is really a mixture of sulphur dichloride, thionyl 
chloride, and sulphuryl chloride which cannot be eaisily separated into its constituents. 

N. A. B. Millon ^ in his paper: Sur Vacide hypochlorcux et sur les cldorures de 
soufre, described the preparation of what he called de son frc cnMallise —that 

is, according to the analyses of N. A. E. Millon, and of A. Michaelis and 0. Schiffer- 
decker, sulphur trioxy-tetrachloride* S 2 O 3 CI 4 , or Cl.S 02 . 0 ,SCl 3 , by the action of 
incompletely dried chlorine in great excess on sulphur or sulphur chloride : 20 to 30 
grms. of sulphur chloride, saturated with chlorine, were introduced into a 4 to 5 
litre-flask filled with moist chlorine ; 2 to 3 grnis. of water were added, and the 
mixture shaken. It was then allowed to stand 5 hrs. in a freezing mixture and moist 
chlorine passed in from time to time, and the operations repeated until a crystalline 
mass is formed. A stream of dry chlorine is passed over the warm mixture for 10 J 2 
hrs. so as to remove the sulphur chloride ; the crystals are heated, and sublimed 
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into the^ upper part of the vessel. L. Carius prepared them by an analogous process, 
viz. by drop])irig sulphur monochloride into a flask filled with moist chlorine, when 
colourless crystals of this compound collect on the walls of the flask. A. Michaelis 
and 0 . SchiflFordecker obtained the same compound by the action of sulphur tetra¬ 
chloride on chlorosulphonic acid : A mol of sulphur monochloride and 2 mols of 
chlorosulphonic acid were introduced in a flask at —13° to —18°, and dry chlorine 
l)as 8 ed into the vt‘S 8 el until the mass had completely solidified ; it was then removed 
from the freezing mixture and chlorine passed through the vessel until the crystalline 
mass became white. The compound 'was also prepared by W. Prandtl and 
P. Borinsky. Sulphur trioxytetrachloride forms fine needles, or transparent, colour¬ 
less, rhomboidal plates. A. Michaelis and C. Mathias found that the vapour density 
is about onc-half that indicated by the formula S 2 O 3 CI 4 , indicating a dissociation : 

S 0 Cl 2 "f SO 2 CI 2 . A. Michaelis and 0. Schifierdecker found that the solid 
melts at 57° with decomposition giving off sulphur dioxide and chlorine leaving a 
residue of pyrosulphuryl and thionyl chlorides: 48203014 — 8205012-4 58 OOI 2 

-f 2 OI 24 8 O 2 . N. A. E, Millon said that when the crystals are fused they yield a 
mobile liquid which does not again solidify even at —18°, and the liquid and solid are 
supposed to be iaomerides. A. Michaelis and co-workers also found that when the 
solid has been kept for some time—2 or 3 months it changes into a yellow liquid 
which is identical in composition with the solid. Assuming that the solid has the con¬ 
stitution OI.SO 2 .O.SOI 3 , the liquid may be the theoretical isomeride, CI. 8 O.O. 8 OCI 3 . 
The liquid distils at 73°. According to N. A. E. Millon, the crystals are vigorously 
decomposed by alcohol, dil. acids, or water, and by moist air ; the liquid, also, when 
digested with water decomposes slowly, forming sulphurous, sulphuric, and hydro¬ 
chloric acids : ClS 02 . 0 , 8 Cl 3 -f 4 H 20 -H 2 S 04 -l-H 2 S 03 + 4 HCl. A. Michaelis and 
O. Schifferdecker also noted the formation of sulphur by the action of cold water on 
the solid, and L. Carius added that thiosulphuric acid is also produced. A. Michaelis 
and 0 . Schifferdecker said that the crystals dissolve in warm sulphur monochloride. 
When the liquid is distilled with sulphur trioxide, A. Michaelis and C. Mathias said 
that pyrosulphuryl and sulphuryl chlorides are formed. As thionyl chloride is 
decomposed by sulphur trioxide, with the production of pyrosulphuryl chloride, 
while sulphuryl chloride is unacted upon under the same circumstances, it is con¬ 
cluded that the liquid consists of a mixture of equimolar proportions of thionyl 
chloride and sulphuryl chloride, S 2 O 3 CI 4 -SOCl 2 - 4 “^ 02 Cl 2 . Sulphur trioxytetra¬ 
chloride is therefore in all probability a molecular combination, which may exist 
either as a solid or a liquid. The reaction with carbon disulphide is symbolized : 
5CS2-t 7 S 2 O 3 CI 4 - 3 COCI 2 1-200+6802 I 782 OI 2 + 4 SOCI 2 . 

1 . Schiitzenberger ^ passed chlorine monoxide over 5 to grms. of sulphur 
trioxide when the solid becomes warm, and melts to a dark red liquid which, on 
cx)oling, forms red needles resembling chromic acid. The composition is tetrft- 
^ydrosulphatochlorine monoxide, CI 2 O. 4 SO 3 . The crystals melt at 55°; they 
detonate when heated ; decompose into hypochlorous and sulphuric acids when 
treated water ; oxidize organic substances; and react with iodine, forming 
iodic acid and chlorine. This product has not been interpreted further. 

According to A. Bussy,*^ sulphur trioxide reacts with iodine, forming a greenish- 
blue liquid ; N. W. Fischer said that the product is sometimes brown, sometimes 
green, and so^ietimes blue; the green and blue colours are transient, the brown, 
persistent. G. F. Wach said that with the minimum quantity of trioxide the colour 
18 brown, with a larger quantity blue, and with a still larger quantity green. He 
saici I 


one part of iodine in one leR, and two parts of trioxide in the 
other, be sealed, a,nd heat applied to the arm conUining the trioxide, the first portion 
of vapour forms witli the lodmo a visi-id brown liqui.l. and by taking up more triraide it 

, I'be crystals melt at 37‘ to an oUy liquid, and soUdify 
at 12 5 to a fibrous mass; the product boils at I07-6“, and sulplmr trioxide distils into tho 
“ '"''"‘f’ <'*ystaUino mass; and the liquid as it ports with tho 
acid becomes blue and afterwards brown. The iodine finally sublimes, foiming a green 
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product with the sulphur trioxide. If one arm of the tube contains 1 part of iodine and 1 
part of sulphur, the other, 20 parts of sulphur trioxide, and the whole is left to stand over¬ 
night at the ordinary temp, of the air, the sulphur acquires a carmine colour. If the sulphur 
trioxide arm be warmed, while the other arm is kept in a freezing mixture, the sulphur 
and iodine form a thin red-brown liquid, which moves about as if it were boiling, and 
gradually becomes, first brown, then brownish-green, and crystallizes. When taken out 
of the freezing mixture, it changes in the course of four weeks to a beautiful green hquid, 
which crystallizes in the cold. Sulphur dioxide may be distilled from it, but when separatcil 
in this marmer, may be made to recombine with the residue. 

According to R. Weber, dry powdered iodine is absorbed by sulphur trioxide, 
heat is developed, and a dark greenish-brown viscid liquid is formed, and settles 
below the colourless sulphur trioxide remaining in excess. By pouring olf the 
latter at a suitable temp., there remains iodine trianhydrosulpliate, 1 ( 803 ) 3 , a 
crystalline mass which fumes in air. If this compound be heated on a water- 
bath it loses some sulphur trioxide, forming iodine anhydrosulphate» I8O3, as a 
viscid mass which fumes in air, and which decomposes, with the separation of iodine, 
when treated with water. If either 1 ( 803 ), I(^C) 3 ) 3 , heated near 170°, tliere 

remains iodine hemianhydrosulphate, 12 ( 803 ), which is solid at ordmary temp., 
and decomposed by water, A. C. Schultz-Sellack also obtained crystals of this 
substance by the action of the vapour of sulphur trioxide on iodine. If the sulphur 
trioxide used in these preparations contains a little hydrate, the product is blue, 
and with more hydrate it becomes green and then brown. 

H. Kammorer, and C. Winkler said that dry sulphur dioxide acts at 100'' on powdereti 
iodine pentoxide, forming what appears to have been a product with the composition 
iodine perUitanhydrosulphatopentoxide, 6I2O5.SO3. A. Ditto denied the existence of this 
as a chemical individual. R. Weber, and R. Knietsch heated a mixture of dried iodine 
pentoxide and sulphur trioxide on a water-bath, and obtained yellow plates of iodine 
trianhydrosidphatopentoxide, IgOg-SSOg, which are stable up to 60°, but give off sulphur 
trioxide at a liigher temp. 
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§ 68. HalogenoBulphonic Adds and their Salts 

According to G. Gore,^ liquid hydrogen fluoride unites with sulphur trioxide with 
a hissing noise, with the development of heat, and with the formation of a colourless, 
mobile liquid approximating in composition SO 3 . 6 HK, and probably a soln. of 
fluosulphonic add, HFSO 3 , or HO.SO 2 .F, in hydrogen fluoride. L. Pfaundler 
also observed that gaseous hydrogen fluoride is absorbed by sulphuric aci^, and is 
expelled when the soln. is heated ; 0. Gore found that at —18° to 29°, liquid 
hydrogen fluoride mixes quietly with cone, sulphuric acid. T. E. Thorpe and 
W, Kirman distilled sulphur trioxide into a weighed platinum receiver ; an excess 
of hydrogen fluoride was distilled into the same vessel cooled by a mixture of ice 
and calcium chloride. The uncombined hydrogen fluoride was removed by passing 
a current of carbon dioxide through the vessel heated to a temp, of 25°-35°. The 
analysis of the remaining liquid agreed with that required for fluosulphonic acid. 
0. Ruff and H. J. Braun observed that when fluorspar is heated with 97“1(X) per 
cent, sulphuric acid, a 60 per cent, yield of hydrofluoric acid is obtained; with 
sulphuric acid containing a high percentage of sulphur trioxide—50-60 per cent. 
—the product no longer contains hydrofluoric acid, but consists only of fluosul¬ 
phonic acid: CaF 2 +H 2 S 04 ~}- 2 S 03 =CaS 04 -f 2 F(HS() 3 ); and with sulphuric acid 
containing 60 per cent, of sulphur trioxide, a quantitative yield of fluosulphonic 
acid is obtained. The reaction was studied by W, Traube and W. Lange. 
W. Traube obtained fluosulphonic acid by distillation from a mixture of fuming 
sulphuric acid and ammonium fluoride ; or from a fluosulphonate and 99 per cent. 
sul})huric acid. 

T. E. Thorpe and W. Kirman said that fluosulphonic acid is a thin, colourless 
liquid which fumes in air; it has a faint, pungent smell, and has but little action 
on the dry skin ; it feels greasy to the touch, and is without the intense blistering 
action of hydrofluoric acid. Fluosulphonic acid boils at 162-6°, and, like chloro- 
sulphonic acid, it cannot be distilled without more or less decomposition, forming 
presumably some sulphuryl fluoride, 2 F(H 803 )—SO 2 F 2 +H 2 SO 4 . 0. Rufl could 
not confirm this hypothesis since he found that the acid is stable even at 900°. 
The b.p. of fluosulphonic acid is higher than that of chlorosulphonic acid, as that 
of hydrogen fluoride is higher than that of hydrogen chloride. Fluosulphonic 
acid is decomposed by water with almost explosive violence. W. Traube and 
E. Reubke showed that the reaction, in not too dii. aq. soln., is a balanced one, 
F(HS 03 )-j-H 20 ^H 2 S 04 -f-HF. The formation of fluosulphonic acid from mixtures 
of 62 per cent, hydrofluoric acid, and 94 per cent, sulphuric acid is readily demon¬ 
strated by mixing the two acids cooled to —20°. 0. Rufi represented the reaction 
which occurs when fluosulphonic acid is boiled with sulphur by: 2 F(HS 03 ) 4 "^ 
— 3 SO 2 + 2 HF. W. Traube and E. Brehmer prepared a series of amidosulphonio 
acids by the action of fluosulphonate on aq. ammonia and the substituted ammonias ; 
likewise hydrazinosulphonates were made by the action of fluosulphonate on 
hydrazine. Fluosulphonic acid was found by T. E. Thorpe and W. Kirman to 
attack glass slowly, but more rapidly in the presence of moist air. 0. Ruff observed 
that fluosulphonic acid acts on potassium permanganate, 3 rielding a violet vapour 
which decomposes on contact with air. T. E. Thorpe and W. Kirman observed 
that fluosulphonic acid quickly acts on lead, forming lead sulphate and fluoride. 

Fluosulphonic acid, HO.SO 2 as a monobasic acid^ forming a series of 

stable salts, fluosulphoiiates. W. Lange found that the crystals of fluosulphonates 
are analogous chemically, and in part crystallograjihically with the perchlorates 
and permanganates. W. Traube and co-workers prepared crystals of ammonium 
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fluosulphonate, NH 4 O.SO 2 .F, or NH 4 SO 3 .F, by the action of sulphur trioxide on 
ammonium fluoride; treating the y)roduct with ammoniacal methyl alcohol; 
and evaporating the soln. Tf dry ammonium fluoride is gradually dissolved in 
fuming sulphuric acid containing 70 per cent. SO 3 ; the soln. treated with 
ammoniacal methyl iih'ohol, and separated from the insoluble matters—mainly 
ammonium sulphate -a soln. of ammonium fluosulphonate is formed, and this 
yields the crystalline solid on evaporation. Ammonium and alkali fluosulphonates 
are formed when a dry mixture of fluorides and pyrosulphates is heated, and when 
the two are mixed in tlie [iresence of a little water. The best yields are obtained 
from potassium pyrosulpliate and an excess of ammonium fluoride ; the yield is 
appreciably less when the latter is replaced with potassium fluoride, and still less 
with sodium fluoride. Fhiosulphonates are also obtained by compressing a mixture 
of the fluoride and pyrosulphate particularly in the presence of a little water ; and 
by heating mixtures of ammonium persulphate and fluoride. The ra.p. of ammo¬ 
nium fluosulphonate is 215''. Its aq. soln. reacts neutral to litmus, and it is not 
decomposed after keeping for many days ; and the salt can even be recrystallized 
from hot water. The fluosulphonates are readily decomposed by warming with 
liydrochloric acid, forming hydrofluoric and sulphuric acids ; but they are more 
stalile in alkaline soln. When distilled with 99 per cent, sulphuric acid, they yield 
fluosulphonic acid. Ammonium fluoride readily reacts with gaseous ammonia, 
]>articularly at low temp., forming liquid ammines ; and with aq. ammonia, or 
substituted ammonias, the fluosulphonates yield aminosulphonates; and with 
fiydrazine, hydrazinosulphonates. W. Lange prepared salts with tetramethyl- 
ammonium, o-toluenediazonium, benzenediazonium, pyridiniuin, nitron, strychnine, 
brucine, morphine, and cocaine. W. Traube and co-workers found that the alkali 
fluosulphonates are obtained by the action of the requisite alkali hydroxide on 
an a(|. soln. of the ammonium salt. Long shining needles of lithium fluosulphonate, 
LiS 03 F. 3 H 20 , melting at 60'^-6U, were so obtained ; the anhydrous salt melts at 
360'^. A mol. of sodium fluoride absorbs a mol. of sulphur trioxide, forming sodium 
fluosulphonate, NaS 03 F, which can be readily dissolved from unaltered sodium 
fluoride by extraction with alcohol. The salt is also obtained by the method 
indicated for the ammonium salt, and by the direct action of an alkali hydroxide 
on an aq. soln. of fluosulphonic acid, proving that the acid is not immediately 
decomposed by water. 0. Ruff made sodium fluosulphonate by heating 50 grms. 
of fluosulphonic acid and 92*2 grms. of sodium chloride in a platinum retort under 
a reflux condenser for half an hour, and extracting the product with boiling absolute 
alcohol. The resulting soln. yields iridescent plates or needles of sodium fluosul¬ 
phonate on cooling. W. Traube and co-workers found that the aq. soln. of sodium 
fluosulphonate, like that of the ammonium salt, is neutral to litmus ; and it reacts 
similarly with acids and alkalies. When heated in an atm. of carbon dioxide, it 
furnishes a gas thought to be sulphuryl fluoride : 2 NaS 03 F=Na 2 S 04 +S 02 F 2 . 

Short, stout prisms of potassium fluos^phonate, KSO 3 F, were obtained melting 
at 31U; crystals of rubidium fluosulphonate, RbSOgF, melting at 304'"; W. Lange 
prepared rhombic, pseudotetragonal crystals of caesium fluosidphonate, C 8 (FS 03 ), 
melting at about 292*"; water at 0® dissolves 2*23 grms. per 100 c.c. of soln.; anhy¬ 
drous and dehydrated copper tetramminofluosulphonate, Cu(S 03 F) 2 . 4 NH 8 . 2 H 20 , 
melting at 55*6° ; water at 12° dissolves 52*9 grms. per 100 c.c. W. Lange also 
prepared the bisethylenediamine salt, Cu(S 03 F) 2 . 2 en,|H 20 , and the pyridine salt, 
Cu( 803 F) 2 . 4 C 5 H 5 N. W. Traube and co-workers prepared impure barium fluo¬ 
sulphonate, Ba(S 03 F) 2 ; all the fluosulphonates, except the nitron salt, are freely 
soluble in water. The alkali fluosulphonates are very stable towards heat. Thus, 
the potassium salt only suffered a slight decomposition with the evolution of sulphur 
dioxide and trioxide, hydrogen fluoride, and oxygen when heated to bright redness. 
Crude barium fluosulphonate, on the other hand, is decomposed at a red-heat into 
sulphuryl fluoride and barium sulphate. W. Lange found that the fluosulphonates 
of the heavy metals are freely soluble in water, and are too easily hydrolyzed to 
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permit their isolation. The fluosulphonates become stable and crystalline when the 
size of the cation is increased by complex formation with ammonia or the amines. 

In 1856, A. W. Williamson 2 defined, if not discovered, chlorosulphonic acid* 
HSO 3 CI, or HO.SO 2 .C], and it attracted some attention about that period because, 
on the old theory of tyi)eH - 1 , 5, 16 - it was the first example of a mixed type—the 
water type and the hydr(»rhloric acid type united by the bivalent SOo-radicIc : 


H 

HO 
H —01 


H . O 
S0<C1 


The name chlorohydrines was applied to combinations of this mixed type, so that 
chlorosulphonic acid is also called sulphuric chlorohydrines and it has also been 
called chlorosulphuric add, chlorohydrated sulphuric acid, and chlorohydrosulphurous 
acid. Analyses by A. W. Williamson, F. Baumstark, F. Clausnizer, J. Ogier, and 
8 . Williams agree with the formula CIHSO 3 . K. Heumann and P, Kochlin, 
J. Ogier, 8 . Williams, and F, Baumstark found the vapour density to be in agree¬ 
ment with the formula CIH 8 O 3 . M. Muller said that chlorosulphonic acid unites 
with ethylene with the evolution of much heat, forming ethyl chlorosulphonate, 
C 2 H 5803 , 01 , a colourless mobile liquid boiling at 93°-95° under 100 mm. press. 
It is decomposed by hot water into hydrochloric and sulphuric acids, and alcohol. 
Hence, its formula is more likely to be CL 8 .O.O.OC 2 H 5 than C 2 H 5 O.S.O.O.CI, because 
the latter would probably form ethyl sulphate and hydrochloric acid when hydro¬ 
lyzed by water. This led M. Muller to favour the formula Cl. 8 .0.0.OH. Sulphur 
trioxide was also found to react with ethyl chloride, forming amongst other sub¬ 
stances ethyl chlorosulphonate. T. von Purgold also studied the products of this 
reaction. These results show that the chlorine is probably united directly with the 
sulphur. F. W. Bushong found that the ethyl chlorosulphonate prepared by 
J. U. Nef by the action of phosphorous pentachloride on ethylsulphuric acid is 
identical with that prepared by P. Behrend by the action of sulpliuryl chloride 
on ethyl alcohol. The various reactions of chlorosulphonic acid— e.q. the formation 
of liydrochloric and sulphuric acids—show that it is closely related to sulphuric 
acid, so that the two have analogous formulae. If the sulphur atom in sulphuric 
acid be sexivalent— vide supra —the formula of the acid will be HO.SO 2 .Cl, or 



.OH 

OH 


A. W. Williamson prepared chlorosulphonic acid by the direct action of hydrogen 
chloride on sulphur trioxide : S 03 -f-HCl~ClHS 03 . The General Electric Co. 
used a similar process; H. Beckurts and R. Otto, P. Claesson, A. Michaelis and 
0, Schifferdecker, M. Muller, T. 1. Briggs, and P. Behrend, utilized the action of 
hydrogen chloride on fuming sulphuric acid—say by passing a vigorous stream of 
hydrogen chloride into 200 grms. of 80 per cent, fuming sulphuric acid contained in a 
large flask with ground glass-joints at ordinary temp.; when the flask becomes warm, 
it should be cooled with ice. When hydrogen chloride is no longer absorbed, the 
product is distilled in a flask fitted with an air condenser. Some dissolved hydrogen 
chloride first escapes, and the distillate collected between 150® and 165® is redistilled 
and the fraction collected at 153°. M. Muller made the acid by diatilling fuming 
sulphuric acid with phosphorus pentoxide in a current of hydrogen chloride : 
H2804-|-P2054'HC1=2HP03+C1H803 ; A. W. Williamson, 8. Williams, J. Dewar 
and G. Cranston, F. Baumstark, and A. Michaelis, by the action of phos¬ 
phorus tri- or penta-chloride, or phosphoryl chloride on cone, sulphuric acid, 
thus, 2H2S04-f-PCl3==HP03-f-2HCl+S02+ClH808, H 2 S 04 +PCl 5 =ClHS 03 -f POag 
-f-HCl, and P0Cl8+2H2S04=HP03-l-HCl+2Cl{H808). The preparation is as 
follows : 150 grms. of phosphorus pentachloride are gradually introduced into 200 
grms. of fuming sulphuric acid of sp. gr. 1*84 at 15°. The mixture becomes warm, 
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and much hydrogen chloride escapes. The flask is then heated until no more of 
this gas is evolved. The liquid is then distilled, and purified by redistillation as 
before. T. E. Thor})e heated a mixture of 226 grms. of phosphoryl chloride and 
200 grms. of the most cone, sulphuric acid, and collected the fraction distilling 
between 153° and 154°. This was rectified by redistillation. A. W. Williamson 
obtained chlorosiilphonic acid by the action of chloritie or sulphur chloride 
on cone, sulphuric acid ; C. Moureu, by the action of sul])huri(* acid on tliionyl 
chloride ; W. Odling, by the action of moisture on sulphuryl chloride : ) 

^HCl-f HO.SOo.Cl; A. Michaelis, by the action of a little water or cone, sulphuric 
acid on sulphuryl chloride ; by G. Billitz and K. Heumann, and J. Ogier, by the 
action of water on pyrosulphuryl chloride; and R. Railton, and W. Odling by 
the action of imperfectly dried chlorine on moist sulphur dioxide in the ])resence 
ofjj>l^>inum-black, and at a red-heat. 

ft;^Chlorosulphonic acid is a colourless, fuming liquid with a piquant ()dour, and it 
exerts a corrosive action on the skin. F. Baumstark said that the liquid is slightly 
yellow. W. Michaelis said that the specific gravity is 1*776 at 18° ; P, Walden, 
1-7875 at 25°; and T. E. Thorpe, 1*78474 at 0°, and 1*54874 at the b.p. 155*3°. 
The molecular volume is therefore 75*05 at the b.p. F. Baumstark gave 4-08-412 
for the vapour density when the calculated value is 4*04 ; at 216°, S. Williams 
obtained a vap. density of 2*27 indicating some dissociation : 2 C 1 H 803 =S 03 

d 8 () 2 +H 20 -f CI 2 . K. Heumann and P. Kochlin found 2*39 to 2*42 at 184*4° ; and 
2*09 at 444° ; while J. Ogier gave 2*36 to 2*46 between 180° and 210°. The thermal 
expansion of the liquid was represented by T. E. Thorpe in terms-of-the-vidt-^* 
at 0° occupied by unit vol, at 0°, when t)~l-bO*OOO9O50d-O*O(jll 86470- f O*OK239430*k 
J. Ogier gave 0*282 for the specific heat between 15° and 80°. A. W. Williamson 
found the boiling point to be 145°; A. Michaelis, 158*4°; P. Behrend, 153° ; 
H. Beckurts and R. Otto, 150*7° to 152-7°; T. E. Thorpe, 155*3° ; W. Clausnizer, 
between 150° and 151° at a press, of 726 mm. and the b.p. is reduced one degree when 
the press, is reduced by 20*6 mm. P. Walden gave 78° at 21-22 mm. j)ress. Accord¬ 
ing to A. W, Williamson, the liquid is partially decomposed into hydrogen chloride 
and sulphur trioxide at the b.p., and W. Odling said into sulphuric acid and sulphur 
chloride. F Clausnizer found that when heated for a long time in a reflux con¬ 
denser, it is partly decomposed into sulphuric acid, sulphur dioxide, and chlorine. 
F. W, Lauer discussed this subject. J. Ogier gave 12*8 Cals, for the heat ol vaporiza¬ 
tion ; and for the heat ol formation : SOgsohd+HCl^i^^^ClHSOaiKiuia+H A Cals.; 
and 803 ga.+HClg,^=ClHS 03 ga,+ 13 * 4 ^Cais., and S 205 Cl 2 +H 20 ^ 2 ClHS 0 ;H -54 
cals. P. Walden found that the sp. "electrical conductivity of the acid at 25° is 
0*03172 and in vacuo O O 3 I 62 , and he found that it is an ionizing solvent. The 
conductivity of a soln. of potassium bromide decreases from 23*51 with 'y—146 
to 20*68 with t?^490. Chlorosulphonic acid dissolves many inorganic salts 
relatively easily ; tetraethybammonium iodide forms a deep brown soln., tetraethyl- 
ammonium bromide, potassium bromide, and anhydrous cobalt bromide form 
pale yellow soln. which gradually darken. 

According to A. W. Williamson, and A. Michaelis, when poured into water, 
it sinks to the bottom and gradually dissolves with the formation of sulphuric 
and hydrochloric acids ; each drop of acid, falling into cold water, reacts violently 
as in the case of sulphur trioxide. A. W. Williamson found that chlorosulphonic 
acid dissolves sodium chloride at a gentle heat evolving hydrogen chloride and 
forming sodium chlorosulphonate; for the action on potasusium bromide, vide 
supra, K. Heumann and P. Kochlin found that chlorosulphonic acid does not 
react with sulphur at ordinary temp., but when warmed there is a vigorous reaction 
and sulphur dioxide, sulphur monochloride, and sulphuric and hydrochloric acids 
are formed. H. Prinz observed that hydrogen sulpl]^e acts on the cold acid with 
the separation of sulphur and the formation of hydrogen chloride, and on dis¬ 
tilling the liquor, sulphur monochloride and sulphuric acid are formed. S. Williams 
found that with cone, sulphuric aoid, hydrogen chloride and fuming sulphuric 
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acid are formed. H. Schiff represented the reaction with molten potassium 
sulphate : K2S04+ClHS0a=:=K2B207-| HCl. F. Clausnizer observed that selenium 
sulphotrioxytetrachloride, SOs.SeC^, is formed when chlorosulphonic acid reacts 
with selenium dioxide» tetrachloride, or oxydichloride. According to A. Mente, 
ammonium carbamate forms NH(S()2 0NH4)2, when treated with ehlorosuljdionic 
acid. A. W. Williamson said that chlorosulphonic acid reacts with SOdium nitrate 
to form nitroxyl chloride : NaNOa |-ClIbS03 -NaHS04+N02Cl. W. C. Williams 
observed that when dry fus(»d potassium nitrate is treated with chloro¬ 
sulphonic acid, the mixture becomes hot, and chlorine escapes ; he lepresented the 
reaction 2CIHSO3 f 2KNO3 N^A f Clo f 2KHSO4, and aiIS03+N204-:HN03 
-I-CLSO2.O.NO; and when heated with an excess of potassium nitrate, 
2(CLS02.0.N0) -[ 2KNO3 '-3N2O4+CI0+2K2SO4. T. E. Thorpe found that with 
silver nitrate there is a vigorous reaction, and silver chloride and nitroxyl chloro- 
sulphonate, NO.O.SO2.CI, are formed. K. Heurnann and P. Kdchlin observed 
that phosphorus is converted into chloride by the acid ; A. Michaelis represented 
the reaction of a mol of phosphorus pentachloride and 2 mols of chlorosulphonic 
acid by Pri5 f 2 (^lHS( 33 ~S 205 ri 2 -l" 2 HCl-f POCI3 ; and with equimolar parts, 
sulphur dioxide, hydrogen chloride, and phosphoryl chloride are formed. G. Bil- 
litz and K. Heurnann, and 1). KonowalofT ob.served that when the acid is heated 
with phosphorus pentoxide, pyroaulphuryl chloride, (01.800)02, is formed as an 
anhydride of chlorosulphonic acid. Chlorosulphonic acid converts arsenic and 
antimony into their chlorides. F. Clausnizer found that equimolar parts of chloro- 
sul})honic acid and antimony pentachloride, (q.v.) form a greenish liquid ; and the 
acid dissolves a little antimony trichloride (qjK) at ordinary temp. 

K. Heurnann and P. Kochlin found that when heated with carbon at a high 
temp., sulpliur dioxide, carbon mono- and di-oxides, and hydrogen chloride are 
formed. According to J. Dewar and G. Cranston, chlorosulphonic acid does not 
mix with carbon disulphide ; in a sealed tube at 100®, they unite with the separation 
of sulphur, and tlie reaction is symbolized: CS2+CIHSO3—HCl-1-802+008+8. 
G. Billitz and K. Heurnann, and D Konowaloff also investigated the reaction. 
M. Miiller found that ethylene unites with chlorosulphonic acid, forming ethyl 
chlorosulphonute. K. Knapp, and R. Puinmerer observed that with benzene, 
the sul])hochloride, and siilphonate are formed. H. E. Armstrong, and K. Heurnann 
and P, Kfichlin observed that chlorosulphonic acid acts as a chlorinating agent 
transforming sulphonatos into aulphochlorides— e,g, magnesium o-toluosulphoriate 
into o-toluol sulphochloride ; sodium acetate into acetyl chloride ; and SOdium 
benzoate into benzoyl chloride, F. Baurastark studied the action on acetic 
acid which results in the formation of hydrogen chloride, methylenedisulphonate, 
and glycolsulphonate. P. Claesson observed that monohydric and polyhydric 
alcohols form ethereal sulphates. D. McIntosh found that at low temp. —50® to 
—80®, ethyl hydrosulphate and hydrogen chloride are formed while ether yields 
the addition product (2{C2H5)20.HS03C1, and acetone, 2C2H5.COH.HSO3CI. 
J. Dewar and 6, Cranston found that in a sealed tube at 120®, oblorolorm reacts : 
CHCl3+Cl(HS03)=C0Cl2+S02+2HCl. C. Boulin and L. J. Simon studied the 
action of chlorosulphonic acid on dimethyl sulphate ; and K. G. Naik and 
M. B. Amin, its action on cyanacetic add. 

F. Clausnizer observed that chlorosulphonic acid does not react with silicon 
tetrachloride in sunlight or at 170®; but it reacts with titanium tetrachloride, 
forming the complex TiC^.SOs, or Cl.S02.0.TiCl3. K. Heurnann and P. Kdchlin 
found that tin is directly chlorinated by chlorosulphonic acid. F. Clausnizer 
found that chlorosulphonic acid mixes but does not react with stannic chloride. 

Chlorosulphonic acid has the general properties of a monobasic acid, forming 
definite salts— chlorosulphonates —in which the hydrogen of the acid is replaced 
by a metal. W. Odling obtained sodium chlorosulphonate, ClNaSOs, as inchcated 
above. M. Muller said that the chlorosulphonates are difficult to prepare; they 
are decomposed by water into hydrosulphate and hydrochloric acid; and by 
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alcohol into ethyl sulphate and hydrochloric acid. When heated, they decomj)oae 
into chlorine, sulphur dioxide, and sulphate. 

Attempts to make bromosulphonic acid, BrHSO.^, or BrSO^.OH, have not been 
successful. G. Aime ^ found that sulphur trioxide absorbs hydrogen bromide, 
forming a red liquid; and, according to F. Clausnizer, there is a reaction : 
SOs+SHBr—SO^+HoO ^ Bem, when a soln. of phosphorus pentabromide in sulphuric 
acid is distilled, bromine volatilizes and a mixture of sulphuric and phosphoric 
acids remains. 

It is doubtful if iodosulphonic acid, IHSO3, or T.SOo.OH, has been prepared. 
S. Zinno ^ found that sulphur dioxide decolorizes starch iodide, and furnishes an 
acid like that obtained by T. J. Pelouze and E. Fremy by distilling a dried mixture 
of iodine and lead sulphite, and rectifying the distillate over mercury. 8. Zinno 
tried to prepare iodosulphonates })y the action of a sulphite on starch iodide, bid 
(‘oiild not obtain the product free from starch. Iodine can be dissolved with a slight 
evolution of heat in sodium or potassium sulphite, and by cooling the sohi. after 
each addition of iodine as long as it is decolorized ; evaporating the soln. at a 
gentle heat, he obtained a salt identical witli that produced by the action of a 
sulphite on starch iodide. Iodosulphonic acid was made by the action of iodin(' 
on a cone. aq. sobi. of sulphurous acid, and neutralized with an alkali carbonate. 
The liquid furnished alkali iodosulphonates. The iodosulphonates were also 
prepared by dissolving iodine in soln. of alkali thiosulphates, but the best results 
were obtained by adding iodine in small portions at a time to a cold soln. of an 
alkali sulphite, avoiding a rise of temp., and evaporating the liquid at a moderate 
heat in a dark place protected as much as possible from the action of air. In tliis 
manner S. Zinno prepared what he regarded as ammonium iodosulphonate, 
potassium iodosulphonate, and sodium iodosulphonate. The latter salt was ])artly 
analyzed. The salts are said to be isomorphoiis, soluble in water, and rajudly 
decomposed by air and by light. 

It is said that sodium iodosulphonate, Na^TgSO^.lOHgO, or possibly JNaSOa.lOHaf), 
crystallizes in colourless, long, syinraotrical i^rismB ; it has a bitter taste, which is, howevc^r, 
less disagreeable than that of the sulphate ; it is readily soluble in water ; 100 parts of 
water dissolve 27*5 parts of the salt nt 15“ ; it is also very soluble in alcohol. When 
lieated, it gives off iodine, and is oonvortod into sodium sulphide and sulphate. A soln. 
of the salt in water does not react alkaline, and is decomposed by a weak electric eiirrf'rit 
into hydriodic acid, sulphuric acid, and soda. Sulphuric acid decoinposies it with evolution 
of sulphur dioxide and iodine vapour. Nitric acid precipitates iodme ; mercuric nitrate 
produces a yellowish-white, silver nitrate a dirty-white, and l(^ad acetate a wliito precipitate. 
Hydrochloric acid liberates the free acid with formation of sodium chloride. A soln. of 
mercuric chloride produces a white precipitate, which changes to pink and red, and is 
soluble in excess of the reagent. Baryta-water gives a white precipitate, which dissolves 
almost entirely in hydrochloric acid. Cupric sulphate produces, after a time, a greemsh- 
white, auric chloride, a very dark brownish-red precipitate; metallic gold and silver 
t‘ven are acted upon by a soln. of sodium iodosulphonate. 

A. Micliaelis and G. Kothe denied the existence of S. Zinno’s iodosulphonates. 
They said that sodium sulphite and lead iodide form sodium iodide and lead 
sulphite ; and that sulphurous acid decomposes lead iodide, forming lead sulphite 
and hydriodic acid. According to R, Weber, fuming sulphuric acid readily dissolve^ 
iodine, forming a brown soln.— vide supra —but only a little iodine dissolves in 
ordinary sulphuric acid; and G. Aime said that sulphur trioxide readily dissolve.s 
hydrogen iodide, forming a reddish-brown liquid. For P. Chretien’s iodine sulphate 
I2O3.SO34H2O— 2 . 19 , 7 ; N. A. E. Millon’s sulphate—see 2 * 19 , 9; 
N. A. E. Millon also reported a complex iodatosulphuric acid, 2HIO3.3H2SO4, from 
a soln. of iodic acid and boiling, cone, sulphuric acid (5 : 1 ), and the irihydraie, 
2HIO3.3H2SO4.6H2O, from a soln. of iodic acid in sulphuric acid—H2SO4.2H2O. 

The tendency of sulphur dioxide to form complexes has been previously dis¬ 
cussed. C. J. J. Fox ^ obtained evidence of the formation of cadmium sulphuryl 
iodide, as well as of ammonium, sodium, potassium, and cadmium sulphuryl bromides, 
sulphuryl chlorides, sulphuryl nitrates, and sulphuryl thiocyanates, but not of sulphuryl 
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mlyhale. E. Pechard prepared sulphuryl hydroiodide, SO 2 .HI- possibly iodo- 
sulpJnvic acid, I(H802)—found that when sulphur dioxide is passed into an 
aq. soln. of potassium iodide, the liquid becomes yellow, and finally orange. If 
the gas be passed over the solid salt, at O'’, potassium sulphuryliodide, or potassium 
iodosulphinate, I(KS 03 ), formed. When this salt is heated to 100", it loses 
the absorbed sulphur dioxide. The vaj). j)ress. of the compound is 600 mm. at 
0" ; 930 min. at 10"; 1460 mm. at 20"; and 2380 mm. at 30". Sodium, 
ammonium, silver, calcium, and l)arium iodosulphinates were similarly obtained. 
E. Ejjhraim and I. Kornblum also made complexes with alkali and calcium thio¬ 
cyanates. R. de Forcrand and F. Ta])Oury obtained sodium, rubidium, and 
caesium trisulphuryliodides of the tyf)e M1.3SOo, from liquid sulphur dioxide and 
the corres])onding iodides, but F. Ephraim doubted if these products are chemical 
individuals. F. Epliraim and I. Kornblum obtained two series of complex 
iodides— yellow and red- and they WTre sujiposed to represent the existence of 
isomerides, |M(R02)4l[(S02)4Ml2], and [M(802)ol[(S02)2Ml2j. The dichromate- 
coloured lithium sulphuryl iodide ^LiROo), is formed at 0"; and lithium disul- 
phuryliodide, Lil.2S02, a lower temp. Red sodium disulphuryliodide, LiI.2S02, 
is formed at 0” ; and sodium tetrasulphuryliodide, NaI.4S02, is formed in a free^^ing 
mixture. P. Walden and M. Centnerszwer found that when dry trimethylsul- 
phonium iodide or potassium thiocyanate is ex])osed to the action of sulphur dioxide 
gas, there is an increase in weight and a change in the appearance of the salt. With 
potassium, sodium, ammonium, and tetramethylsulphonium iodides and with 
ammonium and sodium thiocyanates no change was observed. It is assumed that 
any com])oiinds wdiich might be formed are too unstable at ordinary temp. A 
20 per cent. soln. of potassium iodide in sulphur dioxide is liquid at ordinary temp, 
but it gives red crystals when cooled in a mixture of snow and salt. The analysis 
corresponded with potassium tetrasulphuryliodide, K1.4S0.2 • 


Jhc f.j). curve of mixtures of potassium iodide and sulphur dioxide is shown in 
Fig. 151, A, 72-7", is the f.p. of sulphur dioxide ; B, the eutectic with 0-34 mol 

per cent, of potassium iodide; between BC, a yellow 
erystalline powder of potassium tetradecasulphuryl 
iodide, KI.J 4 SO 2 , separates on cooling, and C is a 
maximum at —23-4" with about 8 molar per cent, 
of KI, there is a second eutectic f ); and red 
crystals of the tetrasulphuryl iodide separate on 
cooling along the branch DE. The f.p. of this com¬ 
pound, 0*26", is represented by E, The soln. sepa¬ 
rates into two layers on heating, and, on further 
heating, well-formed, yellow crystals are deposited, 
and one of the bquid phases disappears; on cool¬ 
ing, the corresponding reverse changes are observed. 
From the phase rule, it follows that the temp, at 
which the solid phase is in equibbrium with the 
two liquid phases must he independent of the cone.; this temp, is 88*1®. Dil. 
and eonc. soln. ()f ])otassium iodide deposit solid on heating without the inter¬ 
mediate formation of two liquid phases. EG represents mixtures of potassium 
iodide with molten potassium tetrasulphuryliodide, and on the left of EG 
homogeneous soln. of potassium iodide in sulphur dioxide; GH, the equilibrium 
line for soln. and solid potassium iodide; H represents the upper limiting 
temp, of soln. of potassium iodide ; below this, the soln. separates into two 
layers. Beyond H, and on JK, potassium iodide separates out. The stippled 
[portion of Fig. 150 represents the region of homogeneous soln. The existence 
of the i('trasulphiiryliodide was confirmed by measurements of the vap, press. 
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of the solii., but no sign of tlie sulphuryliodide, KI.SO^, was observed. Com¬ 
parison of the f.p. of aq, soln. (“oiitaining both sulphur dioxide and potassium 
iodide (or thioeyai'ate) with those of soln. of sulphur dioxide and jiotassium iodide 
(or thiocyanate) separately shows that there are probably compounds formed 
which, however, are dissociated to a large extent. Further, in agreement with 
C. J. J. Fox's results, sii]j)liur dioxide is more soluble in aq. soln. of potassium 
chloride, bromide, iodide, and thiocyanate, ruliidium and tetrametbylamnioiiiuiu 
iodides, and resorcinol than in pure water ; in sodium chloride soln., sulphur dioxide 
is less soluble. F. p]phraim and I. Kornblum also made red potassium tetra- 
sulphuryl iodide, as well as lemon-yellow rubidium tetrasulphuryliodide, Rbl.4S0:>, 
melting at IS r)"", and canary-yellow caesium tetrasulphuryliodide, (lsl.4vS().. Tiny 
also obtained orange-red barium tetrasulphuryldiiodide, Bal2.4S02, 5 ^ellowiBh-red 
barium disulphuryldiiodide, BaIo.2S0o; red strontium disulphuryldiiodide, 
Brio.280-2, strontium tetrasulphuryldiiodide, 8 rl 2 . 480 o, while red calcium 
tetrasulphuryldiiodide, Calo.tSOo, tends to decom];) 08 e with the liberation of 
iodine. The aluminium halides also unite with a mol of sulphur dioxide at low 
temp. A. Adrianowsky observed the formation of a complex aluminium 
sulphuryltrichloride, AICI3.8O2, l e. CI2 : Al.SOo.Cl, by the action of the gas on 
aluminium tricliloridf'— vule i^fra^ potassium cyanide. 

F. E])hraim and C. Aellig observed that a yellow colour is de^veloiied when 
sulphur dioxide is 2 )assed into soln. of ammonia, potassium or sodium hydroxide, 
alkali carbonates, sulphites, hydrosulphites, formates, acetates, and to a less degree 
a soln. of calcium hydroxide or zinc acetate ; but not in soln. of alkali chlorides, 
nitrates, sulphates, liydrosulphates, alkaline earth (excepting calcium), hydroxides 
or carbonates, magnesium or cadmium hydroxides, or free sulphuric acid. Th(‘ 
colour does not appear when the dilution exceeds ()‘5A-soln., and is a maximum 
in 5iV“Soln. where it is quite stable. Its absorption spectrum is very like that of 
a chromate soln. of the same tint. The sola, do not follow Beer's law on dilution, 
thus indicating that a compound is foriAed. A compound could not be isolated, 
but its composition is not far from that of a hydrosulphite. 
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CHAPTER LVIII 


SELENIUM 

§ 1. The History and Occurrence o! Selenium 

In 1817, J. J. Berzelius ^ said that the sulphuric acid works at Gri])sholm roasted the 
copper pyrites from Fahlun to obtain the necessary sulphur dioxide, and it had 
been noticed for a long time that a red, pulverulent substance collected on the floors 
of the lead chambers, but not when other sources of sulphur were employed. He 
gave the following account of the discovery of a new element in this deposit: 

In conjunction with J. G. Gahn, I was examining the method formerly in use at 
Gripaholm for preparing sulphuric acid. We found in that acid a sedimout, partly rt'd aiid 
partly light brown, wliich, when heated before the blowpipe flame, gave an odour like that 
of rotten radishes, and left a grain of lead. That odour had previously been assumed bv 
M. H. Klaproth to indicate the i>resence of tellurium, and J. G. Gahn remembered that 
had often noticed the smell of tellurium in places where the copper ore of Fahlun was 
worked for the sulphur employed in the manufacture of the sulphuric acid. I’lie hope of 
discovering such a rare metal induced me to examine this brown sediment. In tindertaking 
this research, my only object was to separate the tellurium, but I was unable to detect 
that body in the material 1 examined. 1 therefore had the whole of the sulphuric acid 
deposits collected, using nothing but that derived from the Fahlun sulphur. Having 
obtained a largo quantity of the material, I examined it in detail, and so discovered the 
))resence of an unknown substance with properties closely resembling those of telluriuim 
This roseniblance induced me to call tlie now element selenium, from th(^ Greek word 
(T€\'f)u‘f}y which signifies the moon, while tellus is the name of our own planet. 

During the subsequent years, J. J. Berzelius examined in some detail the chemical 
properties of selenium and its compounds. It might be added that near the 
beginning of the fourteenth century, Arnold de Villanova, in liis Rosarius philoso- 
phorum, spoke of a sulphur ruheum attached to the walls of the chambers in which 
native sulphur had been vaporized j and F. Hoefer 2 asked : Serait-^e le sHenium ? 

S. Piesse ® discussed some relations between the elements based on isomorphism and 
thought that selenium is an oxide of another element; but the speculations were abortive. 
A. Pringle made a wholesale discovery of new elements including five metals and a substance 
resembling selenium, called hesperisiumy in some Lower Silurian rocks, situated in the county 
of Selkirk. One metal was said to be like iron, but gave neither the tliiocyanate nor the 
tannic acid reaction; one was like lead in appearance, was easily fused and volatilized, 
and yielded yellow and green salts ; another, which was charcoal-black, was called 
erebodium ; its equivalent was 96-4, and it formed several oxides. A fourtli, gadenmnh 
with an equivalent of about 43*6, was a light-grey powder, and formed a red monoxide and 
a cream-coloured dioxide, yielding, respectively, white and yellow salts. Another, 
polymmatum, was a rather dark-coloured metal, with an equivalent of about 74. Not one 
of these discoveries has been confirmed. 

Selenium is widely distributed on the earth’s crust, but occurs only in small 
quantities. F. W. Clarke and H. 8. Washington^ estimated that it occurs in 
imeous rocks in quantities about the same as silver, and more than platinum. 
They estunate that the igneous rocks contain n X per cent, of selenium ; and 
J. H. L, Vogt, wxlO"^ per cent. W. Vernadsky gave O O5I for the percentage 
amount, and 0*055 for the atomic proportion. H. A. Rowland, ^ and M. N. Sah^a 
failed to detect the lines of selenium in the solar spectrum ; but H. N. Warren 
detected extra-terrestrial selenium to the extent of 0*04 to 0*23 per cent, in meteoric 
irons which fell at Bohumihtz, Pallus, Elbogen, and in the Actacama Desert. 
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According to C. Hintze,^ the evidence for the occurrence of free selenium in 
is roilJiOW 7 }ir)i weilhlos. In A. M. del Rio reported that he obtained 

from Culehras, Mexico, a red mineral which he Kup}»osed was a biseleniuret of zinc 
colouH'd with “ bisiilj)huret of mercury or cinnabar/’ and a grey mineral supposed 
to be “ a biseleniuret of zinc united to a ])rotosulpliurct of mercury.” H. J. Brooke 
called tlu‘ red mineral culrhn(< from ('ulebras- and the grey mineral, riolite— 
alter A. M. del Kio. In a note to H. J. Brooke, A. M. del Rio said that “ riolite 
is not a seleniuret oi zinc but rather a native .selenium ore wdth a variable mixture 
of snl])}iOMcleniurot of mercury and .seleniurets of cadmium and iron,” More or less 
garldcd de.scriptions of these minerals were repeated in subsequent mineralogical 
works , iind the statements are cited but not confirmed in C. F. de Landero’s work 
on tlie min(*ralogy of Mexico. F. Stromeyer, E. Quercigh, W. Haidinger, and 
h, Hojn]>icci discussed the selenium admixed wdth the sulphur of the Lipari Islands ; 
and J I). Dana, and (k V. Brown, the selcniferous sulphur of Kilauea, Sandwich 
islands Accoidjng to E. Divers, the sulphur of Japan is seleniferous and telluri- 
ferous. K. V. Matteucei and K. Giustiniani observed selenium in the fumarole 
products during tlH‘ eruption of Vesuvius in 1895 ; and F. Zanibonini and L. Coiiiglio 
also o])served selenium and tellurium on Vesuvius. The sclenlellurkm from Hon¬ 
duras is, according to E. S Dana and H. L. Wells, the nearest approach to native 
selenium wliicli lias yet been foun<l. It has 29-31 per cent, of selenium and 70-69 
})er cent, of tellurium. G. FreboJd discussed the parageiiesis of selenium ores. 

There is a number ol rare selemde minerals analogous with tlie sulphides-— 
for instaiH'i\ berzelianite, of II. Rose, and C. M. Kersteu ; umangite, 

CuySe^, of F, Klockmann ; naumannite, (Ag 2 ,Rb)Se, of H. Rose ; tiemannite, 
IlgSe, of (\ M. I\Iarx ; eucairite, (Cu^AgloSe, of J. J. Berzelius, and 1. Domeyko ; 
clausthalite, RbSe, of d. K. Jj. Zincken, and H. Rose; lerbachite, Pb 8 e with 
HgSe, of H. Jtose, the 3l*hSe.HgSe, of C. F. Rammelsberg; seebachite» 
‘iPbSe.lGuSe.Gu^Se.IfgSe ; zorgite, PbSe with Cu 2 Se, of 11. Rose and 0. M. Kersten ; 
crookesite, (ru/n,Ag) 28 e, of A. E. Nordenskjold; {^ilarite» Ag 2 (S,Se), of 

F. A. Genth ; guanajuatite, castillite, or frenzelite, Bi 2 Se 3 , of V. Fernandez, 
A. del Gastello, A. Frenzel, and J. D. Dana; joseite, Bi 3 Te(S,Se), by G. A. Kenngott, 
and A. Dumour ; sialonite, BeHSe 3 , or BisSe, by V. Fernandez and S. Navia ; wei- 
buiute, 2 Pb 8 .Bi 48 e 3 S 3 , of M. Weibull, and G. Flink ; platynite, PbH.Bi^Seo, of 

G. Flink ; wittite, r>}*bS. 3 Bi 2 (S,Se) 3 , of K. Johannson, and A. Schwandte ; rubiesite» 
8 Bi 2 S 3 .Sh. 2 S 3 .Bi 2 (Te,Se) 3 , of S. P, de Rubies, and C. Doelter ; onolritey Hg(S,Se), 
of II. Rose, and C. M. Kersten; and the lead cobalt selenide of F. Stromeyer. 
Tliere is also the selenolite, SeOo, of E. Bertrand; the hydrated cojiper selenite, 
chalcomenite, CuSe 03 . 2 H 20 , of A. des Cloizeaux and A. Damour; the molybdo- 
memte, or lead selenite, of E. Bertrand ; CObaltomenite» probably cobalt selenite, 
of E. Bertrand ; the copper lead cohalt selenide, penroseite of S. A. Gordon ; and 
kerstenite, or lead selenite (or seleiiate), of G. M. Kersten. 

Selenium occurs in small jiroportions in some minerals, 6tc. For example, it has 
been observed by .1, J. Berzelius, L. Gnielin, C. M. Kersten, J. A. von Lewenau, 
G, Lunge, H. von Meyer, G. Muller, T. Nordstrom, A. Pleischl, A. Scheuer-Kestner 
and A. Kosenstiehl, B. Scholz, E. P. Thomson, F. Wohler, L. Wolkoff, etc., in various 
forms of pyrites ; and when the pyrites is employed as a source of sulphur in the 
manufacture of sulphuric acid (j.r.), the products are contaminated with selenium 
although a large proportion ajij^ears as a slime in the lead chambers, and as dust in 
the flues. The presence of selenium in sulphuric acid was discussed by A. Jouve, 
1 *. Kienlen, J. G. Children, A, Scheuer-Kestner, E. Moles and S. Pina de Rubies, 
E. P. Thomson, G. Lunge, A. Lamy, M. P. Sergeeff, N. A. Orlofi, F. Schlagden- 
hauften and C. Pagel, and T. W. Drinkwater ; while S. Littmann studied the mode 
of formation of selenium and its compounds in the burning of pyrites, and in the 
manufacture of sulphuric acid. Selenium may also occur in derived products ; 
thus, H. N. Warren noticed it in nitric acid; and T. Bayley, and W. B. Hart 
discussed the yellow colour of hydrochloric acid, the latter of whom attributed it to 
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heleniiiin. E. Moles and 8. Pina de Rubios found soleiiium in hydrochloric acid ; 
E. Schlagdenliauifen and C. Pagel observed that the violet-blue colour observed 
when an impure hydrogen flame is allowed to impinge on a cold surface is due to the 
p)resence of selenium, and not to sulphur. A large proportion of the selenium 
originally present in the materials from which the gas was prepared remains in the* 
insoluble black residue, and F. W. Tunniclifl'e and 0. Rosenheim found it in 
brewing sugar, and beer. 

H. W. Turner, and tf. M. Curran reported selenium in gold ores ; W. Stciukhuler, 
in uraninite ; F. J. Otto, in copper pyrites; and W. Geilmann and H. Rose, in 
the lead and mercury ores of 8t. Andreasburg in the Harz. R. Bottger, and 
K. Kemper observed it in the other coj)per ores ; and, in consequence, selenium may 
aj>pear in the undefined copper as observed ])y H. Rosslor, C. Alexi, H. Violette, 
G. W. Lehmann and co-workers, and E, Kellar --ctdc infra, ciq^rous selcnide. 
J. H. Debray, H. Violette, and L. Opiheius f()U]id selenium in silver. J. J. Berzelius 
and P. P, Pilipenko observed selenium in galena ; J. M. Curran, in bismuth ores ; 
C. M. Kersten, iu pitchblende, and cuprite; C. Bbdeker, in })seudo-malachite , 
A. Pleisch, and M. Guichard, in moly])denite ; J. J. Berzelius, B. Scholz, A. Wehrle, 
W. Muthmann and E. Schroder, F. A. Genth, in tellurium ores ; A. Jorissen, in 
coal from Liege ; and J. F. Smith, A. Damour, and A. Frenzel, in coke from Yorkshire'. 
F, Taboury noted that the soluble matter in the miueral waters of La Roclie-Posay 
contains 0-2 per cent, of selenium. Arsenic had previously been rej>orted in these 
waters, but that element is absent, showing that the ore was mistaken for the othi*r. 
1. Gassmann detected hydrogen selenidc in rain-water and in snow, lie said that 
it is probable that hydrogen selenidc is not present as such in the rain or snow, l)Ut 
is in combination with a second component which lias not yet been identihed. 
P. Karrcr denied this. 

According to T. Gassmann,'^ selenium is a constant constituent of teeth a ml 
bones. He said that healthy teeth contain about 0-056 jier cent, of j^elenium, ami 
even the diseased condition about the same figures for the selenium content art^ 
obtained. The urine contains 0-0011 per cent, of selenium in the male, and 0-(KX)9 
per cent..in the female person. Most vi‘getables contain traces of selenium, especially 
spmach. On the other hand, R. Fritsch denied the presence of selenium in urine 
or in bones. 
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§ 2. The Extraction and Purification of Selenium 

J. J. BerzeliuH i obtained selenium from the chamber slimes of the sulphuric 
acid works by dissolving the material in aqua regia, and evaporating the soln. 
with sulphuric acid so as to precipitate the lead sulphate. The mtrate was treated 
with hydrogen sulphide so as to precipitate the co])per, mercury, tin, arsenic, and 
selenium sulphides; the precipitate was digested with aqua regia, and the clear 
liquid was evaporated to drive off the excess of acid, and then mixed with a little 
alkali-lye so as to precipitate the oxides of the heavy metals. The alkaline filtrate 
was evaporated to dryness, and heated to redness to drive off any mercury. The 
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product, containing alkali selenite, was mixed with ammonium chloride and heated 
in a retort until the ammonium chloride had all volatilized. The ammonia reduces 
the selenite to selenium. The residue was washed with water ; the selenium 
collected by filtration, dried, and purified by sublimation. K. Liebe used a some¬ 
what similar process. Instead of reducing selenium from alkali selenite by 
ammonium chloride, J. A. von Lewenau precipitated it directly from the soln. by 
ammonium sulphite. F. Wohler used sulphurous acid as precipitant fur selenium, 
and also substituted for aqua regia a mixture of sulphuric acid and nitric acid or 
potassium chlorate ; he also fused the material with a mixture of potassium nitrate 
and carbonate ; dissolved the cold cake in liydrocliloric acid, and ])recipitated the 
selenium by a current of suljihur dioxide. W. Stalil extracted the selenium from 
the slime by means of fuming sul])huric a(‘id, or ])ersulphuric acid, and afterwards 
precipitated the selenium by sulphur dioxid** Z. Littman modihed the process. 
L. M. Dennis and J. P. Roller fused smelter flue-dust with a mixture of 30f) grms. 
of flue-dust, 200 grms. of anhydrous sodium carbonate, and 775 grms. of sodium 
dioxide in a large nickel crucible until tin* ma^s melted quietly. After cooling, the 
product was treated witli water and insoluble material filtered oil; it was then 
nearly neutralized with hydrochloric acid, which precipitated most of the zinc 
and aluminium. After filtration, a large vol. of hydrochloric acid was added, and 
tlu‘ soln. boiled for thirty minutes to rinluce the selenic acid to selenious acid ; any 
silica present was jirecipitated at this stage ; the filtrate was then heated to 80'^ 
and treated with sodium sulphite in small quantities. The selenium separates, 
and is converted into the grey modification by digesting it with the soln. for several 
hours at 80^^. J. A, von Lewenau, and B. Scholz treated the slime repeatedly with 
nitric acid in what was equivalent to a flask with a reflux condenser. The soln. 
was evaporated to dryness, extracted with boiling water, the filtered liquid concen¬ 
trated by evaporation, and the selenium precipitated with ammonium sulpliite. 
L. M. Dennis and J. P. Roller obtained selenium from anode slimes containing 96 
per cent. Se, by adding the slime to cone, nitric acid to which one-fifth of its volume 
of water had been added ; a vigorous action ensued, and when this had moderated, 
the mixture was heated to complete the oxidation. The soln. was filtered, and a 
viscous, dark green liquid obtained which was evaporated to dryness. The residue 
was taken up with hydrochloric acid (3 :1) and the selenium precipitated by sulphur 
dioxide or sodium sulphite. 

H. Rose extracted the selenium by heating the dried deposit in a current of dry 
chlorine so that the deposit does not fuse. The vapours of selenium and sulphur 
chlorides are received in a vessel containing water, and the filtered liquid treated 
with alkali sulphite to precipitate the selenium. C. Brunner passed a current of air 
over the heated deposit so as to convert the sulphur into sulphur dioxide, at the same 
time the selenium sublimes as oxide which is dissolved in alkali-lye, etc. G. Magnus 
heated the material with manganese oxide, and obtained the same volatile products 
as C. Brunner obtained with air. H. Koch mixed the chamber deposit into a paste 
with moderately cone, sulphuric acid, and stirred it up with dry potassium perman¬ 
ganate at 50 °~ 60 °. The reaction: 4KMn04+5Se-}-6H2804=2K2S04+4MnS04 
+5Se02+6H20 is complete when the solid becomes white and the acid liquor red. 
Sodium chloride is then added to precipitate any silver which may be present and 
the mixture is diluted and filtered, the selenium being precipitated from the acidified 
filtrate by means of sulphurous acid. About 80 per cent, of the total selenium may 
thus be isolated. 0. Pettersson treated the deposit with a cone. soln. of potassium 
cyanide, and decomposed the soln. of selenocyanate with hydrochloric acid, etc. 
L. F. Nilson used a similar process, but purified the product by transforming it 
into selenium dioxide, and after sublimation, dissolving the selenium dioxide in 
acid, and precipitating the selenium with sulphur dioxide. M. Shimose recom¬ 
mended the potassium cyanide method for separating selenium when tellurium is 
also present, and separated the tellurium by A. Oppenheim’s process. H. Schnitzler, 
A. von Schrotter, and E. Priwoznik, etc., also discussed the separation of selenium 
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from telhiriferous minerals—tellurium. R. Threlfall separated the 
mixed oxides by rei)eated sublimation in a current of dust-free, dry air at 300°. 
K. Bottger treated the washed slime with a cone., neutral, aq. soln. of sodium sul- 
jjhite until the slime begins to blacken, the soln. was filtered into dil. hydrochloric 
acid, and the treatment repeated on the separated selenium. If a boiling soln. of 
sodium sulphite is used, the selenium does not dissolve. S. Sugie, and T, Shioini 
and K. Ozu discussed this subject. 

P. Kienlen suspended the deposit in water and passed a current of chlorine so 
as to form selenium tetrachloride wliich is at once hydrolyzed by water to selenium 
dioxide and some is oxidized by the excess of chlorine to selenic acid. This is 
reduced to selenious acid by lK)iling hydrochloric acid, and at the same time selenium 
chloride is formed. This is decomposed by a sulphite. He also obtained selenium 
from the acid from Glover's tower in a sulphuric acid works by allowing the liquid 
dil. with three times its vol. of water, to stand in a warm place for some time. The 
selenium gradually settles. J. Personne treated the dil. acid with sulphur dioxide 
so as to precipitate the selenium. J. R. Joss freed the precipitated selenium from 
calcium sulphate by washing it with boiling water. H. Borntrager heated the 
deposit to redness in an earthen retort in the absence of air, and found that the 
selenium sublimed. It was well washed with alkali-lye and then with water so as 
to remove the arsenic and selenium oxides. 

A. Wehrle fused potassium hydroxide with seleniferous galena, sulphur, or 
l)yrites, digested the fused mass with water, and exposed the filtered soln. to air 
when the selenium was precipitated. F. Wohler extracted selenium from lead 
solenide minerals by digesting the powdered ore with dil. hydrochloric acid to remove 
iron and calcium carbonates; the washed and dried residue was fused with an 
equal weight of black flux in a charcoal crucible for an hour at a moderate heat. 
The powdered mass was quickly washed with boiling, air-free water so long as the 
runnings exhibited any coloui. If the selenide of potassium in the liquid comes in 
contact with air, scdeuiiim is precipitated. The reddish-brown filtrate is exposed 
to air in shallow dishes, and the crusts which are formed are broken up from time to 
time. The formation of these crusts continues until the liquid becomes colourless, 
and the traces of selenium still present can be removed by warming the liquid with 
hydrochloric and sulphurous acids. The crusts of selenium are washed and freed 
by distillation from a Little admixed selenide. E. Mitscherlich fused the powdered 
material with an equal weight of sodium nitrate; extracted the product with 
boiling water ; and evaporated ])y boiling with a little nitric acid. The hot liquid 
deposits crystals of sodium selenate; on cooling, sodium nitrate separates out; 
and the mother-liquor when concentrated again deposits sodium selenate. The 
sodium selenate is mixed with ammonium chloride, and heated. The mass which 
remains is washed with water and selenium remains. L. Billaudot obtained 37 
kgmis. of selenium from 139*5 kgrms. of zorgite by treating it with aqua regia ; 
evaporating the liquid at a gentle heat; filtering off the lead chloride ; and passing 
sulphur dioxide through the soln. The precipitated selenium was washed with 
water, to free it from copper chloride, boiled with hydrochloric acid to free it from 
lead chloride, and finally washed with water, dried, and melted. Great difficulty 
was experienced in obtaining bars of vitreous selenium. When it was cast in cast- 
kon moulds, the cooling was so slow that the graphite modification was obtained. 
By castmg in copper moulds with thin walls, plates of vitreous selenium 0*5 cm. 
thick were obtained, but the best results were obtained by placing the mould in 
water, and pouring in the melted selenium when it had cooled nearly to the solidify- 
ing point ; it then immediately solidified in the vitreous modification. A bar 
3 cms. thick, and weighing 12*6 kgrms., was thus obtained. M. Chikashige and 
D. Uno obtained selenium and the noble metals from electrolytic slimes, etc., by 
fusion. The electrolytic slime or other product is fused with lead and a suitable 
alkali in the form of hydroxide, carbonate, or nitrate, the noble metals being obtained 
as an alloy with lead and the selenium in combination with the alkali metals. 
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H. Rose deserved that selciuum is imperfectly precipitated ]>y sulphur dioxide 
iu the presence of sulphuric acid alone, but E. Divers and M. Shimose showed that 
this refers only to dil. sulpliiiric acid, for precijntation is complete if the acid be 
sufficiently concentrated. D. L. O^den and K. E. Valentuic also \ised sulphur 
dioxide, free from hydrog(‘n chloride, as a ])reci]>itant for selenium. For otlier 
precipitants, vide infra^ the analytical reactions of selenium ; and also the action 
of metals on selenious acid. H. Rose, and A. Oppenluum have discussed the 
piu’ification of telluriuin {q,v.) from traces of selenium. Selenium can be separated 
from all metals not precipitated by sulphurous acid and arsenic, antimony, and 
tin. The comjileteness of the precipitation of selenium depends on the 
acidity of tin* soln. E. Keller found that the precipitation of sehmium and 
t^dlurium by sulpluir dioxide shows characteristic dillerences. The graphs. 
Figs. 1 and 2, refer to cold soln. containing 0-10 grm. of selenium or tel¬ 
lurium treated by sulphur dioxide in presence of different projiortioiis of hy<lro* 
chloric acid (sp. gr. 1‘175). The curves indicate the amounts of these elements 
precipitated on standing about 20 hrs. With soln. containing over 80 per cent, 
of hydrochloric acid, all the selenium and no tellurium is ])r(‘cipitated. Con¬ 
sequently, to obtain both elements completely })recipitated, not less tlian 30 or ovit 
50 per cent, of acid should be present. If selenium alone be present, total precipita¬ 
tion occurs if the acidity of the soln. exceeds 30 per cent. ; if both selenium and 
tellurium be present, tellurium and selenium will be precipitated if the acidity of the 
soln. be kept between 30 and 50 per cent. ; but outside these limits either selenium 
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or tellurium may be wholly or partially precipitated, according to the cone, of the 
acid. Selenium will alone be precipitated from a mixed soln. if the acidity of the 
soln. exceeds 80 per cent. Hence, if selenium be first precipitated from a soln. of 
over 80 per cent, acidity, and made up to twice its former vol. with water, the 
tellurium will be precipitated by a repetition of the sulphur dioxide treatment. 
C. Alexi also found that with 1, 5, 10, and 50 c.c. of hydrochloric acid of sp. gr. 
1*124, 10 c.c. of a soln. with 0*1 grm. selenium, dil. to 100 c.c., sulphur dioxide 
precipitated respectively 0-0543, 0-0986, 0-0993, and 0-0973 grm. of selenium; 
with similar soln. having 10 c.c. of the acid, at 19°, 50°'~60°, 70°-80°, and 90°-l00‘' 
the amounts precipitated were respectively 0-0993, 0*0998, 0*0992, and 1-014 grm. 

A. Garnak did not got good results in separating selenium from sulphuric acid 
residues by the sulphite process, and he recommended adding gradually, with 
energetic stirring, 600 grins, cone, sulphuric acid to a kilogram of deposit (3-5 per 
cent, of selenium); 140 grms. of manganese dioxide is gradually introduced into 
the mixture at 90° to 95°. After 2*5° to 3 hrs., the selenious acid is extracted with 
3 litres of water. The united soln. are then treated with 10 grms. of hydrochloric 
acid, and 120 grms. of sodium thiosulphate, and the selenium is coagulated by 
boiling the soln., washed with 200 c.c. of hot water, and dried at 50°. The yield 
is 90 per cent. 

F. C. Brown recommended freeing the selenium from occluded gases by heating 
it in a high vacuum, and subliming the element. E. Divers and M. Shimose 
purified selenium by dissolving it with boiling cone, sulphuric acid; diluting the sohi. 
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with water ; precipitating the selenium with sulphur dioxide ; washing the precipi¬ 
tate with water, then with alcohol; and drying it in air. C. Hugot digested the 
crude selenium wdth dil. nitric acid ; evaporated the mixture to dryness ; sublimed 
the resulting selenium dioxide ; dissolved the product in water and removed a trace 
of sulphuric acid by the addition of a little baryta-water ; acidified the filtrate with 
hydrochloric acid, and precipitated the selenium with sulphur dioxide. R. Marc 
used a somewhat similar process. E. Divers and T. Shimidzu said that hydrogen 
selenide in excess with sulphurous acid gives a precipitate of pure selenium. 
L. T. Brownmiller stated that the selenium on the market contains traces of dioxide, 
which appears under the miscroscope as opaque particles when selenium is used as a 
medium for the determination of indices of refraction. To prepare selenium 
optically clear, it suffices to distil the element in an atm. of carbon dioxide. 
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§ 3, The Allotropic Forms of Seteniiim 

Selenium, like sulphur, furnishes a number of allotropic forms. J. J. Berzelius i 
recognized a non-crystalline variety which when warmed softens before it melts; 
a red amorphous variety which was obtained by reducing selenium dioxide ; a steel- 
grey, crystalline variety obtained by slowly cooling molten selenium; and a black 
crystalline variety produced by the spontaneous decomposition of a selenide exposed 
to air. F. von Schaffgotsch, J. W. Hittorf, and E. Mitscherlich showed that the 
steel-grey and black crystalline varieties are the same. The two amorphous 
varieties are said to be soluble in carbon disulphide, and the crystalline varieties 
soluble and insoluble respectively. From his own and F. Neumann^s observations 
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on the sp. gr,, C. F. Raramelsberg assumed that there are four varieties; (i) red, 
amorphous selenium of sp. gr. 4*3, and soluble in carbon disulphide; (ii) red 
crystalline selenium of sp. gr. 4*46-4*50, and soluble in carbon disulphide ; (iii) grey, 
granular, metallic selenium of sp. gr. 4*5, and insoluble in carbon disulphide ; and 
(iv) black selenium of sp. gr. 4*8 and insoluble in carbon disulphide-—it is obtained 
by the spontaneous decomposition of aq. soln. of selenides in air. The two red 
forms pass into grey metallic selenium at OO'^-lOO® ; and all the varieties when 
melted and rapidly cooled pass into the red, amorphous form. E. Petersen con¬ 
sidered that both forms insoluble in carbon disulphide are really the same. He 
called the amorphous variety soluble in carbon disulphide— a-selenium ; the mono¬ 
clinic variety soluble in carbon disulphide—; and the other crystalline 
variety insoluble in carbon disulphide— y-selcnium. W. Muthmann showed that 
there are really three crystalline forms—two monoclinic varieties, and a rhoinbo- 
hedral or trigonal variety. They were studied by E. Korinth, who found the 
evaporation of a soln. of red, amorphous selenium in carbon disulphide furnishes 
small, hexagonal, yellowish to reddish-brown, transparent, birefringent, crystals 
with extinction j)arallel to the longer side of the hexagon. The crystals are mono- 
clinic and are isomorphous with -q-sulphur. If these crystals are added t.o a soln. 
of sulphur, the sulphur is deposited on the selenium crystals as an isomorphous 
layer. If only a little soln. of selenium is added to one of sulphur, the T^-forni 
of sulphur is produced almost exclusively, but the crystals of sulphur, under high 
magnification, appear to contain tiny particles of selenium embedded in the sulphur. 
H. 0. Schulze also established the existence of colloidal selenium. From this, 
A. 1. Saunders, and W. Muthmann concluded that there are three allotropic forms 
of stdenium : (i) The glassy or tnireouSy the aworphouSy and the colloidal forms 
soluble in carbon disulphide; (ii) red monoclinic crystals soluble in carbon disul¬ 
phide, of which there are two varieties with different axial ratios, one of which 
forms isomorphous mixtures with sulphur, and the other does not; and (iii) grey 
metallic or trigonal selenium isomorphous with tellurium, and insoluble in carbon 
disulphide. Summarizing: 


Se 


1 11 • nc! ( liciuid, amorphous, vitreous, glassy, or colloidal. 

^ \ not isomorphous with sulpiiur. 

Insoluble in CS,>grey, metallic, trigonal crystals. 


Liquid selenium above 220*^ has properties characteristic of ordinary licpiids ; 
below that temp., the liquid becomes more and more viscous, but it remains soft 
down to about GO'’, and, at 30°-40°, it becomes hard and brittle. This behaviour 
is characteristic of vitreous glasses and undissolved or congealed liquids in the 
co-called amorphous state—Fig. 11, 1. 9, 6. J. J. Berzelius, J. W. Hittorf, 
H, V. Regnault, A. P. Saunders, E, Petersen, and E. Ruhmer studied the formation 
of undissolved selenium. In this undissolved state, selenium has the conchoidal 
brilliant fracture characteristic of glasses, and is the so-called glassy selenium 
or the vitreous selenium of commerce. Formerly this selenium was marketed in 
medallions having the image of J. J. Berzelius, the discoverer of the element, but 
it is now usually supplied in the form of rods. The colour en masse is black, 
but thin fragments are deep ruby-red in transmitted light, and it furnishes a red 
powder. The so-called amorphous selenium separates out when soln. of selenious 
acid are reduced. According to A. P. Saunders, it forms a dry impalpable powder 
without any signs of crystallization. At 40^-50®, it darkens in colour, and coagu¬ 
lates to a soft mass which, when cooled, becomes a hard and brittle mass with a 
conchoidal fracture. Allowing for differences in the state of aggregation, amorphous 
selenium shows all the characteristics of vitreous selenium. Both amorphous and 
vitreous selenium are slightly soluble in carbon disulphide. J. W. Hittorf, and 
H. V. Regnault also discussed the identity of amorphous and vitreous selenium. 
6. Briegleb found that the X-radiograms showed the presence of two components, 
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Se and 8^2, which have the same solubility in carbon disulphide, but different; 
rates of solution in that menstruum. 

F. W. O. do Coninck found that a sulphuric acid soln. of selenium, reduced by glm.oso 
from selenious acid, slowly decomposes: SeSOj-f-H^O^ Se+HgSO^, yielding a brown 
variety of selenium which does not become fluorescent w’hen exposed to diffused light, or 
undergo any change in contaid with carbon disulphide, in which it is very sparingly soluble. 
On prolonged exposure to sunlight, it is slowly convc rted into the amorphous black variety 
of selenium. F. W.O. de Coninck and A. Raynaud found that the selenium precipitated 
wlien a moderately cone. soln. of selenious acid is troat('d with a sat. soln. of sulphur dioxide, 
after exposiiro to ditfustid daylight, is partly transformed into grey crystalline leaflets having 
a tine lustre ; the remaiudor undergoes a slight agglomeration, but does not change colour 
and remains arnorphuu'^. "J'he former change is visibly enhanced by sunlight. Two 
varieties of selenium are supposed to bo involved. 

In accord with W. Ostwald, A. P. Saunders showed that amorphous selenium 
se})arates by prebTence in all cases where selenium is rapidly set free either by 
decomposing one of its compounds, or by precipitation from soln. of its vapours. 
As observed by H. Rose, and A. Oppenheirn, amorphous selenium is produced when 
selenium is dissolved in potassium cyanide and precipitated by hydrochloric acid ; 
J. J. Berzelius, when selenious acid is reduced by sulphur dioxide, or by zinc or iron ; 
J. W. Ilittorf, by stannous chloride; II. Rose, by phosphorous acid ; A. P. Saunders, 
by ferrous or cliroinous chloride or by hydrogen—A. Klages observed an emission 
of light when selenium dioxide is reduced by hydrogen ; W. F. O. de Coninck and 
E. Chauvenet reduced the soln. of s(denium dioxide by glucose, aldehyde, and other 
organic substances— vide infra ; G. Magnus, R. Auerbach, and J. W. Hittorf, by 
adding water to soln. of selenium in cone, sulphuric acid— vide infra ; B. Rathke, 
by decomposing selenothionates by acids, or selenium chloride by water; 
R. Scjhneider, by decomposing selenium bromide with alcohol; P. Jannasch and 
M. Miiller, by reduction with hydrazine sulphate or hydroxylamine hydrochloride ; 
J. W. Hittorf, by slowly oxidizing hydrogen selenide by air, or, according to C. Fabre, 
with ferric chloride, selenium dioxide, or hydrogen dioxide; H. llelsmann, by 
decomposing various selenium compounds— e,g. potassium selenide ; M. Berthelot, 
by the electrolysis of aq. soln. of hydrogen selenide ; S. Bidwell, in the electrolysis 
of soln. of selenious acid, or by passing a current through a selenium cell; L, Schucht, 
by the electrolysis of acidic or alkaline soln. of selenium; and H. Bomtriiger, 
by subliming the element whereby the amorphous form condenses in the cooler 
parts of the tube—some grey selenium is formed at the same time. M. G. Weber 
made the variety soluble in carbon disulphide by abruptly cooling the vapour as in 
the method of H. Erdmann and M, von Unruh for yellow arsenic (q-v.). A, Gutbier 
and R. Kohler passed the vapour of selenium into water free from air. The soln. 
are usually rose-coloured, and at first blue and cloudy; sometimes they are clear 
yellowish-red or deep red. The yellowish-red soln. are the most highly dispersed. 
They all show the Brownian movement, and the Tyndall effect. The blue soln. 
are quite stable, and may be kept in closed vessels for months at ordinary temp. ; 
non-dialyzed soln. may be frozen to an almost colourless ice; when thawed they 
quickly decompose. 

When, say 5 per cent. soln. of selenious acid and sulphurous acid are mixed there 
is no precipitation at first, the colour in transmitted light then changes from yellow, 
through reddish-yellow, and yellowish-red, to a more or less deep blood-red, and only 
after the lapse of a certain time is a deposit of red selenium formed. This makes 
its appearance as a golden-yellow or a red translucent skin upon the sides of the 
containing vessel. H. 0. Schulze, working with very dil. soln. of selenious and sul¬ 
phurous acids (8e02 : SO2—1: 2), obtained soln. of colloidal selenium as a hydrosol. 
The colouring power of selenium in the colloidal state is very marked ; a soln. with 
one part of selenium in 10,000 parts of water has a distinct red tinge. P. I. Cholodny 
prepared colloidal soln. in a similar way. 8. Utzino, and H. Paulson prepared 
colloidal selenium by grinding in the colloid mill. The red precipitate is peptized 
or deflocculated if an excess of water be added, but if the precipitate is aged or if it 
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lias been exposed to light, its deflocculation may not occur so readily. The colloidal 
soln. is stable in the dark, but when exposed to light, the selenium may be deposited 
as a red film or skin. All foreign soluble substances may be rcmov(‘d by dialysis. 
The colloidal soln. may be boiled without decomposition, but the selenium is salted 
out by the addition of salts or acids. W. Biltz also prepared colloidal soln. of 
selenium by reducing selenious acid with sulphurous acid ; J. Meyer used soln. of 
liyposulphites as reducing agent—A. Gutbier and K, Emslander prepared alcosols 
in a similar way; A, Gutbier and co-workers, with titanous chloride; and 
A. Gutbier, hydrazine hydrate (1 :2000) and 0*2 per cent. soln. of selenious acid, 
and also hydroxylamine hydrate or phosphorous acid ; K. Auerbach obtained 
colloidal soln. of selenium in pyrosulphuric acid —vide infra, action of that acid on 
selenium. J. Meyer dissolved selenium in a cone. soln. of hydrazine hydrate, and 
dil. the liquid. A. Gutbier and F, Heinrich studied the results obtained with 
sodium or ammonium hydrosulphite, sulphurous acid, sodium hyposulphite, and 
hydrazine salts. A. Gutbier and F. Engerofl obtained colloidal soln. by the hydro¬ 
lysis of various selenium bromides ; J. Meyer, by the action of dil. sulphuric acid 
on sodium selenosulphate ; P. P. von Weimarn and B. V. Maljishefl, by adding a 
soln. of selenium in carbon disulphide to ether; and A. Pochettino obtained sols 
in a variety of indifferent solvents, retene, fluorene, phenanthrene, anthracene, 
naphthalene, a-naphthol, a-naphthylaminc, diphenylmethane, diphenylamine, 
triphenyl amine, phenol, thymol, and paraffin. The solvent is heated to about its 
b.p. (above the m.p. of selenium) in presence of selenium, the liquid assuming an 
increasingly dark red coloration. When solidified, the soln. appears red by 
reflected, and blue by transmitted light, this double coloration being characteristic 
of colloidal suspensions of selenium with large particles. These soln. can be 
repeatedly solidified and liquefied without alteration of their properties. A. Gutbier 
and G. L. Weise obtained the colloid by the electrolysis and dialysis of aq. soln. of 
selenium dioxide. E. Miiller and R. Nowakowsky prepared a colloidal soln. by the 
electrical pulverization in pure water of a cathode prepared by fusing a small piece 
of selenium on to platinum foil. This takes several hours with an e.m.f. of 20 volts, 
or is effected more quickly with a greater e.ra .f. The hydrogen aelenide formed with 
an e.m.f. of 20 volts is oxidized by the anodic and atmospheric oxygen ; but with 
an e.m.f. of 220 volts, hydrogen selenide is evolved. The colloidal soln. is fiery 
yellowish-red in thick layers, or a dirty yellow in thin layers, by transmitted, or 
yellowish-red by reflected light, and deposits selenium only slowly, except on the 
addition of an electrolylje. A. Pochettino also prepared colloidal soln. by electrical 
pulverization ; H. Neugebauer, by mechanical trituration in a soln. of lactose ; 
and S. Utzino observed that the maximum stability of the soln. does not necessarily 
occur with the finest state of subdivision. S. Roginsky and A. Schalnikoff obtained 
the colloid by distilling selenium, and collecting the vapour on a surface cooled by 
liquid air. F. P]hrenhaft and 6. Wasser discussed the aerosols of selenium. 
F. W. 0. de Coninck and E, Chauvenet used for the reduction glucose, or other 
organic reducing agents—^levulose, formaldehyde, paraldedehyde, benzaldehyde, 
formic acid, oxalic acid, malonic acid, venanthol, etc. C. Paal and C. Koch prepared 
soluble colloidal selenium in a solid form by using sodium protalbate or lysalbate 
as protC/Ctive colloid. They said that the liquid hydrosol of selenium is obtained 
by reducing selenious acid, dissolved in aq. sodium protalbate or lysalbate, with 
hydrazine hydrate and hydrochloric acid, or with hydroxylamine hydrochloride, 
and dissolving the precipitate so obtained in aq. sodium carbonate. The liquid 
hydrosol, after purification by dialysis, is blood-red by reflected light, or, when 
strongly diluted, red by transmitted light. The solid hydrosol, obtained in dark 
red, glistening flakes when the soln. is evaporated by gentle heat and finally over 
sulphuric acid, contains 32 to 50 per cent, of selenium, and is easily soluble in cold 
water. This form is much more stable than the hydrosols previously obtained; 
in aq. soln., it remains unchanged on repeated alternate treatment with acetic acid 
and sodium hydroxide, or when boiled with an excess of 10 per cent., sodium 
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chloride or phosphate soln., but is gelatinized on addition of an excess of calcium 
chloride soln. in the cold. A specimen of this solid hydrosol, after preservation 
for 2| years, dissolved almost completely in water. Colloidal selenium, containing 
up to 90 per cent, of selenium, is obtained by dissolving the solid hydrosol in water 
and adding acetic acid as long as precipitation takes place. The Chemische Fabrik 
von Heyden used white-of-egg, or analogous substances, as protective colloid ; 
L. Lilienfeld used proteins, gum arabic, or gelatine; D. L. Shrivastava and co- 
workers, sugars ; K. Ditmar, eaoutchouc ; A. Gutbier and R. Ernslander, gelatin ; 
A. Gutbier, J. Huber and P, 3^]ck<Tt, (‘xtraei of seeds of Plmitago psyllivm ; 
A. Gutbier and U. Rhein, saponin ; A. Gutbier, extract of carob beans ; A. Gutbier 
found that relatively siabl(‘ sols of selenium mav be prepared by evaporating on the 
water-bath, to a syrupy consistency, an aq. soln. containing equimolecular quantities 
of selenium dioxide and dextrose*, and then adding one drop at a time of cone, 
ammonia, taking care that the soln. remains syrupy. After cooling and mixing witli 
water, reddish-brown sols art* obtained which after a short time arc stable, and 


contain about 0*016 grm. of selenium ]>er 100 e.c. The stability of the sol is 
increased by the presence of a slight (‘xcess of dextrose The sols an^ stable on 
boiling, but on freezing the}’ are r-onipletely and irreversibly coagulated if there is 
no excess of dextrose. The sols are sensitive to electrolytes. Glycerol SOls can b(' 
prepared in the same way as the hydrosol and have similar properties. 

P. I. Cholodny found the sp. gr. of colloidal selenium to be 4*26 to 4*27 at 074'’ 
in agreement with the value for amorphous selenium. A. Gutbier and co-workers 
found that when the colloidal soln, is frozen, and rindtini, most of the sedenium 
returns into soln. If the freezing is repeated many times, or if the sol is kept in 
the frozen condition too long, the colour by transmitted light becomes less intense 
and the stability of the sol becomes much less, particularly toward an increase in 
temp. The nature of the reducing agent employed in the preparation of the. sols 
and the temp, of preparation have a great influence on the stability toward freezing. 
R. Auerbach obtained colloidal soln. of sehmium in })yro8ulphuric acid —vide infra, 
action of that acid on selenium. H. R. Kruyt and P. C. van der Willigen, 
H. R. Kruyt and D. R. Briggs, and K. von der Grinten studied the ratai^horcsis 
of colloidal selenium. The riocculation of colloidal soln. of selenium by arifls, 
and salts was examined by H. 0. Seliulze, A. Gutbier and co-workers, J. Meyer, 
P. C. L. Thorne and co-workers, J^. 1. Cholodny, H. R. Kruyt and co-workers, 
and J. J. Doolan. S. Utzino obser\7*d that the stability of colloidal soln. of selenium 
decreases with increasing dispersion of the particles. A soln. with particles of 

^ I>oolau, A. Gutbier and R. Kohler, 

and W. Blitz found that colloidal selenium migrates to tlie anode. A colloidal 
soln. of seleniuni gives a precipitate with colloidal hydroxides of iron, aluminium, 
chroniium, cerium, and zirconium, and selenium is adsorbed from its colloidal 
soln. by .^Ik. A. Gutbier and B, Ottenstein obtained a purple colour by depositing 
the colloid on stannic hydroxide. W. Reinders discussed the distribution of the 
colloid between two solvents ; and S. Kwartin, the Brownian movement in gases. 

E. Mitscherlich obtained red or dark maroon crystals of luonodinio selenium 
by slowly cooling a hot soln. of selenium in carbon disulphide. He observed that 
selenium separates from carbon disulphide in monoclinic crystals in two different 
habits—as thin, transparent, red leaflets; and as grains so intensely coloured as 
to appear opaque and almost black although thin fragments have the same 
CO our as the leaflets. He obtained the largest crystals by subjecting amorphous 
selenium and carbon disulphide in a sealed tube, to successive changes of temp, 
somewhat below 100^ W Muthmann observed that two monoclinic forms 
separate from carbon disulphide soln. The two types have different degrees of 
stability, and different axial ratios—one— a-monoclinic selenium- -in orange-red 
having a:b: C-L63495 :1 : 1-6095, and j3-75° 38'; the other~H8-mon(X5linic 
selemum-having a :b: 0-1*5916 : 1: 1*1352, and j3-86° 56'; the latter usually 
occurs in short, thick prisms, but sometimes it occurs in leaflets easily confused with 
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tho former crystals. A. P. Saniuiers found that wlnni is a(l(h*«l to a soln. 

of Bcleniurii in carbon disulphide, a croj) of minut(‘, |>al(‘ n‘d is soon d(‘])osit(*d. 

M. L, Frankenheiin obtained what he called oblicjin* rhoinhu prisms from a solii. 
of selenium in cone, sulpliuric acid ; A. P. Saunders obtained nn-tallie s(‘lenium in a 
similar manner. The rc'd monoclinic form was also j)n‘par(*d K. Ih tiTsrn. and 
W. Muthmann. 

The direct change* of vitreous to the red nmuoclinic (Ty->ta]lm'^ torm has m>t 
been observed with certainty. Since nndallic seh‘nium imdts at aixmt 217 , the 
red monoclinic forms are unstable and should have a m.p. below that temp. 
E. Mitscherlich said that the red, monoclinic crystals nudt if rapidly Inaiti'd to 200 . 
but this may mean that tin* heat develojied wh(‘n the vitreous form passt's into 
inetallie form may be gri'at (umugli to raisi* the t(mi]). of the sehmiuin tf) its m.[> 
The ohservt*(l m.j). thus rejinvserits a special case of wliat P. Saund<‘rs calls 
self-fusion. A. P. Saunders ]ieat(*d mixtures of selenium with an inert organic 
substance^ and found that tlie srdimium eould b(‘ fused l)(d(»w^ 205"^, wdienMs 
crystals of gallein acetate, m.p. 205"^, did not fuse. He therefore infmred that 
red monoclinic selenium has an unstable m p. at 170^ ISO' . When the mono- 
clinic crystals are triturated, they furnish a red powder which is indistinguislialile 
from the red powaler of amorphous selenium. E. Mitscherlich said that tlu'V are 
stable at 100', but at 150'" pass into the nudallie form. C. F. Ranmndshenj: huid 
tliat the erystals are not stable at PX) , but W. Muthmann plac.ed the transition 
temperature of the one form of monoclinic crystals at 110^-120', and of the si'cond 
at 125'"“!302 The second monoclinic form is stabh* at MO' J. J. Berzelius, 
etc., observed that when any of the forms of sidenium, just indicated, is lu'ated aliove 
217^^, metallic selenium is Jiroducinl in hexagonal-rhombolK^dral crystals which, 
according to W. Muthmann, are isornorjdious with tin* trigonal I'rystals of tellurium. 
'Fhis is the stable form of the element. It looks like a steel-grey, metallic substance, 
w^hich furnishes a black powder, but if the powder be very hue, it appears red. 
B. Kathke said that the powder is always black, but E. Mitscher!i(*h observed that 
the finest powder is red, 

M. L, Frankenheiin obtained what h<‘ called oblicpie, rhombic prisms })V sub¬ 
limation ; J. Frbbel, rhombic iirisms by exposing an aip soln. of ammonium selenate 
in air. The acute crystals obtaim'd by A. ld(*ischl, by sidilimation, wen* suspected 
by J. J. Berzelius to be mercury selenide. II. Rorutriiger, and W. Muthmann 
pre})ared the crystals by sublimation. J. W. Ilittorf, E. Mitsclierlich, B. Rathke, 
and (\ F. Rarnmelsberg obtained this form <d sehmiuin by the action of air on 
aq. soln. of jiotassium or sodium selenide ; and J. J. Berzelius, and J. Frbbel, from 
aq. soln. of ammonium selenide. U. Fabrt‘ said that selenium separates in the 
metallic form v\lu*n hydrog<*n sel(‘iiid<* is decoinjnisi'd by moist oxygen ; A. l)itt(‘, 
by the thermal deeom}>osition of hydrogen 
selenide in seah'd tubes ; and M Berthelol, by 
the electrolysis of selenious acid. The metallic 
selenium collects on the cathode and is partly ^ 

soluble and partly insoluble in carbon disulphide. ^ / 

E. Petersen said that the black, metallic st'lenium /r 

obtained by the electrolytic process contains ^ 
about 0-5 per cent, of soluble selenium; and the ^ 
best metallic selenium he obtained from th(‘ ^ p 

vitreous form contained about one per cent, of __ , _ 

the soluble form. 

As indicated above, metallic selenium melts empe/n 

at about 217^ and monoclinic ,,ro- 

bably between 170 and 180 . ihe diagrammatic (Diagrammaiic). 
curves of the relation between the vapour pres¬ 
sures of the different forms of selenium and temp, are illustrated by A. P. 8aun(h‘r< 
by Fig. 3. The state of vitreous selenium is illustrated by tlu* (uirv(‘ AH. 


Temperdti/rps 

Fk;. 3. —Vapour J^reasuro (/Virvos of 
tlie Dillerent of kSelcjinnn 

(Diagrainrnaf ic). 
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There is no definite m.p. F. Sacc said that 
217°, the vitreous form only becomes liquid 



80 m /20 JW KO 
Temperdtt//v of h^tf) 

Fio. 4. Shewing the Temperature of Selenium 
when Heated in a Batli at Different Teniperaf iires. 


while metallic selenium melts at 
at 240° to 250°. As shown by 
A. P. Saunders, the same liquid 
is obtained at 217° with all 
varieties of selenium. The liquid 
at that temp, has a moderately 
high viscosity, and when cooled 
under ordinary conditions it fur¬ 
nishes the vitreous form, but if 
the cooling be very slow, the 
metallic form ajipears. The con¬ 
version of the vitreous to the 
m(‘tallic form was shown by 
H. V. Regnault to be attended 
by the evolution of much heat, 
80 that when the vitreous form 
is gradually heated, there is a 


sudden rise in temp, from about 96° to about 150 , when the mass becomes a mobih* 
fluid, but it hardens again in a few minutes. The product is metallic sehmiurn. This 
explains how J. J. Berzelius could say that the vitreous form becomc's semi-fluid 
at 100° and completely so a few degrees higher. R. Marc measured the difference of 
temp, between the bath and tlH‘ selenium with the bath at different tern})., and the 
results are plotted in Fig. 4. H. V. Regnault’s temp. 96° does not rejiresent a 
transition point. The change does not possess a measurable velocity below 90 '; 
W. Hittorf said that it may occur anywhere between 80° and 217° ; and 
C, F. Rammelsberg gave 90° as the limit of stability; and above 95° the change 
goes on rapidly. J. W. Hittorf said that the maximum velocity of the transformation 
occurs at about 125°. The idea of a transition temp, in the conversion of vitreous 
to metallic selenium was accepted by G. Tammann ; and H. le (^hatelier could say, 
“ selenium is only stable in the crystalline state above 60° and below 214°. Outside 
of these extreme limits of temp., the amorphous modification alone is stable,” 
probably owing to the following observation by O. Lehmann : 


Wlien molted iindor a cover glash, soleiiiuiri appoars as a clear rod trans])arcrit Jiquifi ; 
on further warming, the liquid gels darker and black points make their appearance here 
and there ; these incroase in size and aBSuine the asjKict of spliencal aggregates of the 
insoluble grey modification. . . . The crystals soon fill the whole field, and, on still further 
heating, the mass melts to a dark, almost opaque liquid. On cooling down slowly, the 
spherical crystals of the grey modification appear at first, and then, as they grow steadily 
smaller, the colour of the liquid becomes less intense, and we obtain finally the original clear 
red liquid. If the cooling is rapid, the crystals of the grey modification do not appear, 
but the liquid passes gradually from dark red to light rod. The same behaviour is shown on 
rapid warming ; here also the black crystals may appear momentarily and disappear 
again, but sometimes the transition is dire(‘t from the red condition into tlie more deejily 
coloured one. ^^he increased absorption of light on heating and tlie reverse change on 
cooling, point io a chemical change in the liquid such tliat it is to be regarded at higher 
temp, as partially a soln. of the grey modification. On attempting later io reproduce the 
above inversion it did not prove possible to dc so ; perhaps because of great(*r or less 
impurity of the selenium, perhaps because the (‘onditions were not favourable for the 
production of the grey (light-sensitive, less conducting) modification. 

A. P. Saunders could not verify this. He made a number of dilatometiic measure¬ 
ments with vitreous selenium at different temp., and in the presence of various liquids 
he found no evidence of any stable form other than metallic selenium with a sp. gr. 
4-8. The metallic form is stable throughout its range up to nearly 200°, whereas 
the vitreous form passed into the metallic form at any temp, ranging from 60° to 80° 
according to the liquid present; only one form of selenium can exist permanently 
at 200°. It ma kes no difference whether fused selenium be cooled to 200°, or whether 
vitreous selenium be rapidly heated to 200°, or again, whether it be allowed to go 
over at any lower temp, and then raised to that point- -the final sp. gr. at 2(K)^ 




SELENIUM 


707 


is always tho same ami lies aloiiji^ th(‘ sp. ^r. curve for m(‘tallic sel(*niuju. Suiiliglit 
causes no change of vol. in nn'talhc selenium eillier at ordinary t(nn]). or at higluT 
ones, up to 200''. It is not as a rule possible to raise the temp, of vitreous selenium 
above about 140*" without a sudden change into the met all ie form, but it may 
occasionally, by ra])id heating, be brought to 180“ or above bidore tlie change takts 
place. When mdallic selenium is kept at ordinary tern]), or placed in a bath heated 
to 40“, 50“, or t)0“, or any higher tem]>., below 220“, it shows no tendt ncy to go ove" 
into any oUht form. 

A. P. Saunders observed that when amor}>hou8 selenium is heated with various 
suhstanc(\s, th(‘ results can be broadly arranged in three groups: (i) Those vvdiich have 
little or no aetion- c.^f. water, hydroxylarniue hydrochloride, hydroxylaminej moa, 
ammonium sulphocvanate, picric acid, acetanilide, })otassium hydroxidt*, ammonium 
chloride, and })(»tassium ferrocyanide ; (li) 4’hose which transform it into n^d mono- 
(liiiic selenium-alcrihol, Ixuizcne, thioplnun*, toluene, benzonitrilc, l>ro])yl 
aldehyde, amyl nitrit(‘, ethyl aecdate, isobutyrie a(‘id, acetophenone, nitrotoluene, 
bromonit robenzene, dinitrobtmzmie (/u), dimethylaniline, iiitroso-/J-naphthoi, 
acetoiH', projiylcne bromide, ethyl iodide, mono'imdJiyl aniline, chloroform, jilnmyl 
h}’drazin(', bimzylamine, and diphenylrnethane ; and (iii) Those which transform 
it into imdalhc selenium- c.^. (piiuoline, anilin(‘, pyridim\ benzyl cyanide, benzimido- 
bntyl-esU'r, piperidine, tri(‘thylamim‘, hexametliyleneamine, and p-jS-anis- 
aldoximi'. Tlie substances which are most active in bringing about th(‘ change to 
tlu‘imdullie form will be seen to be ring compounds containing nitrogen in the ring ; 
th(*s(‘ without exception all show the same bidiaviour. All the sub,stances whicli 
(aiise this change are nitrogen compounds, but not by any means all nitrogen 
com pound,s are capable of causing the change; thus, while aniline acts rapidly in 
transforming amorphous sehmium into metallic, both mono- and di-methyl-aniline 
change it into the red crystalline form. This makes it appc'ar as if solubility alone 
is not sulhci(‘nt to a{Touiit for the differences in the behaviour of the liquids. 

11. Marc sup})os(‘d that metallic selenium really consists of two modifieations: one 
is a non-conductor of (‘lectricity, while tlie other is an electrical conductor. The 
former he called selenium-A, and the latter selenium-B. When the B-form is heated 
above 210“, it is transformed into the A-variety ; and when tlie A-form is cooled to 
—40“, it is convert(‘d into tlie B-form. The A-form is stable above 70“, and the 
B-fonn below 8“. At ordinary temp., the A-form passes slowly into the B-form, 
and this change is accelerated by white or red light, but ndarded by blue light. 
G. Briegleb s X-radiograrns, however, showed that B. Marc s conducting and 
non-conducting varieties are the same. According to K. Marc, th(‘. variedy 
produced by Jieating amorphous selenium forms gn‘y crystals; it is labile 
and is converted into a more stable form at a rate which, above 170°, can be 
ineasun'd by the develojunent of heat. The transition of the lalhle into the more 
stable form may also be followed by tlu* gradual increase of the electrical con¬ 
ductivity during the transition. The Iatt<*r form, however, does not appear to be 
the most stable variety of selenium. Wlum the labile form is quickly cooled, the 
conductivity rapidly incn'ases until at the ordinary temp, the value is 1000-2000 
times as great as initially ; on remaining at the ordinary temp., however, this variety 
of selenium decreases steadily in conductivity. The most stable form of selenium 
exists })robably betweim 217“ and 160°, whim a condition of equilibrium between 
two modifications is attained ; whether thosi* modifications are the forms described 
or two other forms is uncertain. Whilst ainorplious selimium in thin layers has a 
red tint, the labile crystallino form is grey wdth a faint red tint and the more stable 
crystalline form is bluish-grey. Whilst the amor])hous form is exceedingly brittle, 
the labile crystalline form is less so and the more stable crystalline form is malleable. 
Traces of impurities in selenium have a great influence in retarding its crystalliza¬ 
tion, Selenium-A and -B form equilibrium mixtur(\s such that in th(» dark the 
equilibrium mixture consists almost exclusively of A, and the equilibrium is dis¬ 
placed in the direction of B by raising the temp. Tin* transition has been observed 
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iiiicroscopically, th(* round granular (‘ry.stals of A first formed at 140'" (diunging tu 1 lie 
]uiig<‘r (Tvstals of B wlu^ri heat(‘d for some time at 200°. Further, B ajipears to ho 
ratluu' less soluble in carbon disulpliide than the other modification. The equili¬ 
brium mixture at the ordinary temp, is sensitive to light, but when heated at 200"" 
for some time (so that jjiiK licldly only B is present) and then rapidly cooled, this is 
no long(‘r the eas(‘ ; however, when ke])t at the ordinary temp., it becomes more 
and more sensitive as the (‘(piilibrium b(comes displaced in the direction of A, 
it is therefore considered thal light dis]>laces the (‘quilibrium from A to B, as does 
rise of temp. The <‘ffect in (piestion is r<‘ally ]>hotocheniical and not due to simul¬ 
taneous heatjng, and the sen&i(iv<‘iH‘Ss is the same in dry air, in carbon dioxide, and 
in a vacuum. Owing to the v(‘ry slight transparency of selenium, only an extremely 
tliiri layer is ailected by light, but th(‘re is soim* evidence that the particles thus 
allV‘ct(‘d diffuse slowly towards the interior, a fresh layer being thus exjKjsed. 
F. BtTger said that a (‘oni])arison of tlie electrical ('onductivity of selenium —^oide 
infra- quenclnal from different temj). favours the hypothesis of a compound Se^B. 
^^]lieh forms solid soln. wdth both comjxments. Hence, the f.p. curves and the 
i conductivity curves of the two forms arc illustrated 

' diagrammatically in Fig. 5, where the qinmching temp. 

^ inferred to the assumed proportions of Sca and 

^ I Seji, which ar(‘ supposed to be formed. According to 

^ ; nSsS- 1 H. li- Kruyt, metallic selenium which has not been 

^ 1 heat(‘d above 120° has a sp. gr. 4*5 to 4*6, while sublimed 

! ' j sehmium has a sp. gr. 4*80. The difference is not due 

- -I to the pr(‘senee of amorjdious selenium. After fusion, 

A 1 and crystallization at 125°, the sp. gr. is 4*77 ; the 

/j 1 variety of sp. gr. 4*80 also acquires a s]>. gr. 4*77 at 

/ / 125°. fJenee, the case of selenium-A and -K is one of 

c, r, /| dynamic allotropy Hcav^^Scb, where a high temp. 

I' / I j favours the denser form. The insolation of selenium 

j 1 / ])rodue(‘8 an increase in vol. showing that illumination 

I j ' favours the production of selenium-A. ^rin‘ changes 

1 ^_ ^ __ J in electrical conductivity (q>v.) are explaiiu'd on the 

assum])tion that the two forms yield solid soln. The 
h'lc T) Frci zin ^ and behaviour of Selenium coolcxl from 200’' is 

KloHri(‘aV ^"rniidal'i’iv^^^^ attributed to the combined action of light and heat 
('nrves of Sc loniuih altering the equilibrium, and changing the speed at 
puenelu'd fnau j:)iftcront which (‘quilibrium is attained. All phases of selenium 
J ciii])eratuu\s, supposed to contain sclenium-A and -B, whilst red, 

crystalline selenium is labile and may also occur in two modifications. C. Kies 
did not acce]jt H. It. Kruyt’s conclusions. H. Pelabon said that the electrical 

resistance of metallic selenium may vary from a few ohms to several million 

ohms, and lie assumes that it consists of two niodificatioiiB. The a-modificatiou 


Fk;. T). Frci'zinvjjonit, and 
J01o( Irical (Vmdiiclivjty 
(' n r V e s o f S (' 1n i u in 
Uuenelu'd fnau J^iftoront 
''J\7ii])eratums, 


has a \cry high resistance and is prepared by heating selenium at a temp, only 
just above its m.p. and then allowing it to cool slowly. The specific resistance of 
tliis modification diminishes at first ver} rapidly with rise in temp, and then more 
slow'ly. At 2t)0°, the resistance is about 70,0(j0 ohms, and at 218° the substance 
melts, the melting being accompanied by a sudden rise in resistance. The j8- 
motlification has a very small specific resistance. It is obtained by maintaining the 
moltcm s(4oiiium at a loinj). near its b.p. for some time and then allowing it to cool. 
The ^-modification is not stable at low' teiri])., and it is readily changed into the 
a-form by oscillations of its temj). between 15° and 200°. This hypothesis recalled 
the suggestion of C. F. RammelsbtTg that there are tw'o modifications of metallic 
selenium—one with a sp. gr. 4*5 he called koinigea, and the other with a sj). gr. 4*8, 
bldtlrtges. A. P. Saunders, however, could not verify this ; nor was E. Petersen 
able to distinguish two forms of metallic selenium. 

Tfu* close relationship bctwecui sulplmr and selenium has naturally stimulated 
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atieiupts to correlate the allotropic forms of those two eh‘in(‘.nts. J. J. Kerzt'lius 
compared red S(*l(‘nium with monoclinic sulphur, metallic srdenium with rliombic 
sulphur, and plastic sulphur, metallic selenium with rh<)m])K sul])liur, and plastic 
sulphur with vitreous selenium. M. Berthelot comj)ar(‘(l nsl monoclinic selenium 
with rhom})ic sulphur, and amorphous sulphur with metallic sricnium becaust* of 
th(*ir behaviour towards carbon disulphide and b(‘cause on eh‘ctroh'zing an a([. 
Boln. of hydrogen selenide, red selenium is deposited on t h<‘ anod(\ while an acp soln. 
of selenic acid under similar conditions gives uH^tollic ^(‘Irniiim on the cathodt‘ - 
vide sulphur. E. Mitscherlicli correlateii red selenium to rliombic suljihur, and 
metallic selenium to monoclinic sulphur. H. Rathke compand metallic s<'l(miiuu 
with rhombic siiljihur, amorphous red selenium with amorphous sulphur iiisolul)le 
in carbon disulphide, and red monoclinic selenium with mouoclinic sulphur, 
hi Petersen suggested that rhombic suljdmr corresponds witli m(‘iallie s(deniiim 
insoluble in carbon disulphide; monoclinic sulphur with monocliuic selenium; 
amorphous, inaolubh' sulphur with amorphous, r(‘<I s(deuitini ; and j»lastic sulphur 
wdth vitreous ai^leniurn. These guesses an* based on superfieial analogies, 
C. F. Rammelsberg sought to establisli a crystallogr.ipliic r«‘lations}iip between 
W. Muthmanii’s monoclinic siilphur-Il with tlu^ a-monoebriic sedemium. By suit¬ 
ably orienting the crystals he obtained for the* axial ratios of the former a: b :r 
--0-99 : 1 : 1-27, and fi -89'^ 15', and for the latter, 0*99 : 1 : IdK), and /8^-84° 14'. 
A. Bettendorif and (L vom Rath showed that the crystal forms of sulpliur and 
selenium as well as those of their compounds are very different. W. Muthmann 
said that the two elements are not isomorjihous, but it is possible that a-monoclinic 
selenium is isornorplious with W. Muthmann’s IV-sulphur, where the axial ratios 
are respectively a:b : c—1*6349 :1 : 1*G095, and^S 104° 2\ and 1*5925 : 1 : 1-5567, 
and j8—105° 29'. Mixed crystals with 68*5 per cent, of selenium and 31*5 per cent, 
of suljihur were obtained of this form from carbon disulphide soln. The ^-mono- 
clinic selenium does not correspond with any of the forms of sulphur, although if the 
axial ratios be alone consider(‘d, and those of monoclinic selenium be multiplied 
by two-f birds, then y-sulphur has the axial ratios a :h : c—0-06094 : 1 : 0-70944, 
andjS- -88° 13', and^-monoclinic sulphur 0*0611:1: 0*7658, and/S—86° 56'. Mixed 
crystals with 48 per cent, of selenium and 52 per cent.^of sulphur were obtained of 
this form from carbon disulphide soln. W. Muthmann also assumed that metallic 
selenium may correspond with the so-called black sulphur (q-v.). The tendency 
to crystallize in the metallic form increases in the series : 8, Se, Te, with increasing 
at. wt. This form of tellurium is the only one known ; with selenium this is th<* 
stable form at ordinary temp, and above 130° ; and this form with sulphur is very 
difficult to obtain. V. M. fToldschmidt discussed the crystal structure of selenium. 

According to Ij. Angel,2 if vitreous selenium melted at 220° is cooled rapidly 
under press, it is transformed into a new’ variety, violet-grey in appearance, formed 
of slender crystals, very sensitive photoelectrically, but very unstable. 
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§ 4. The Physical Properties of Selenium 

Tlie colour of scloniuni lias Inaui discussed in connection witli the allotropic 
stativs of the (‘Icincnt. By circulating a stream of sclcninin in carbon disuljihido, 
S. Kyropoulos • obtained crystals 2 jnin. longwliich wore niby-Tod by transmitted 
light attd luid a blue metalli<‘ heating by rcfiocted liglit. A. H. Pfund found that 
thin layers, obtained by cathodic spluttering, are greyish-brown in transmitted 
liglit, and lead-grey in reflected light. According to J. J, Berzelius, the vapour of 
selenium is a darker yellow than chlorine, and paler than sulphur vapour ; it con¬ 
denses in narrow vessels to drojis with a metallic bistre : in wide vessels, to red 
Jlowei'ft of selenium ; and in air, to a red cloud. W. Grippenberg said that when 
selenium is cooled between glass-plates, the surface appears smooth, but it is not 
so. Th(w are many small jiits due to crystals whose major axis is perpendicular 
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to the plate. Hence an electrode does not make perfect contact with such a 
selenium plate. L. P. Sieg found that spluttered films are crystalline. The red 
crystals of the monoclinic form were discussed by E. Mitscherlich. W. Muthmann 



Fto. (i.—Crystals of a-monoelinic Selenium. 


found that the crystals of a-inoiioclinic selenium have the axial ratios a :h : c 
—1*63495 : 1 : 1*6095, and ^=^104® 2', the measured crystals had the forms illus¬ 
trated by Fig. 6. The crystals of jS-monoclinic selenium have the axial ratios 


Fia. 7. —Crystals of ^-monoolinic Selenium. 

a:h : c—1*5916 : 1 : 1*1352, and ^ -- 93^^ 4'. Those which were measured had the 
forms illustrated by Fig. 7. The trigonal crystals of metallic selenium had the form 
illustrated by Fig. 8, and C. Kies said that the crystals are isomorphous with 
tellurium. M. K. Slattery found the axial ratios to be a : c 
-~l : 1*14. F. C. Brown obtained crystals of metallic selenium 
in rhornbfihedral or hexagonal shapes ; other crystals grew in 
clusters of spines or needles which were stiff and tough ; while 
other crystals consisted of flexible plates 0*01 mm. thick. They 
were obtained by distilling selenium at various temp., and under 
various press. The plates were obtained when the temp, was 
low. G. Pellini and G. Vio, and J. F. Norris and R. Mommers 
discussed the isomorphism of selenium and tellurium com¬ 
pounds ; J. W. Retgers, and W. E. Ringer, the isomorphism of 
sulphur and selenium; and the general subject, by E. 0. Schroder. 

A. J. Bradley said that the X-radiograms show that the crystals 
of trigonal selenium may be regarded as simple rhombohedral 
structures with interaxial angles of almost 90” in which each 
atom is slightly displaced towards two of the six adjacent ^’cr^stal of^^e 
atoms. The resulting structure is a threefold spiral compound tallir Seleniuin. 
of three interpenetrating simple triangular lattices—w^e the 
case with tellurium. M. K. Slattery, however, said that the crystals have a simple, 
triangular lattice with three atoms associated with each point of the lattice. The 
side a of the basal triangle is 4*34 A.; S. von Olshausen gave <z—4*379 A. The 
data were summarized by P. P. Ewald and C. Hermann. M. K. Slattery found 
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tlie axial ration a:v to b(' I : I-J 4 ; and th(‘ calculated density 4-84; S. von 
DInfiausen gave 4*838. 

Tlie vapour density of sclenmni was found by Ft. St. C. Deville and L. Troosi ^ 
to l) 4 ‘ 7*G7 at 860°; 6*37 at 1010 ; and 5*63 at 1420’ tlieoretical value for Se 2 
is o f) so Uiat it consists of rliatomic iiiolc(“ui(‘s at about 1400°. H. Biltz gave 5*54 
at 17,)0 to ]800 . From lin in\(‘stions of tin* va]). density of arsenic sclenide, 
F. SzarvHsy assumed that sonn* Soo-mob^cules are j)resnnt at 1 )(X)° 950 \ H. von 
Wart ('ll berg found tliat tlie vap. drnsity at 1850" agreed with a mol. wt. of 200 °, 
and at 2100 °, with a mol. wt. of 120 so that there is a perceptible dissociation : 
Se2r-^28e at about 2(X)0 . (1. Pnuiner and J. Brockinbller showed that the vap. 

densities agree witli th(‘ assutn])ti()n tliat up to about 9(XF, the mols. of selenium 
are chiefly Se^ and Se.^ wuth a small ])ro])ortion of monatomic selenium; at temp, 
lower than 550°, the molecules are ])robai>ly S<'^. \V. Vaubel made observations on 

this subject ; and he calculated from the }).p. of sc'lenium that the molecules of the 
liquid are triatomic, Se.j ; wdiih' E. Heekmann calculated from the effect on the 
f.p. of ])hosp!u>rus that the moleeiiles are octatoinic, Scg. E. Beckmann and 
P. Ceil) found that th(' effect of s»4eimiin on the f.]>. of sulj)hur monochloride agrees 
with the assumfdion that tlH‘ inolecuh's of selenium in that solvent are monatomic— 
the soln. is dark r(*d. E. Beekmann obtained from the f.p. of soln. of selenium in 
iodine, 8 (' to 8 eg, when'as in diphenyl and in anthraquinone, the mol. wt. is eq. to 
Sog ; and E. Beckman and i' F^latzmanu, in iodine in the pr(*sence of sul^^hur, as Se 2 . 
JH. Olivari from the effect on the f.]» of iodine obtained a mol. wt. SeqQ at 4°- -vide 
/a//*u, Hfdenium iodirles owing to tlie formation of iodides. E. Paterno thought 
F. Olivari s result valueless. K. Haijslian observed that an iodide is formed, and 
he obtaiiHsI rattier less than 1 he value for Se^--158*4 for the mol. wt. calculated from 
the etlcct of sehmium on tlie f.p. and the b.p. of iodine. For E. Beckmann and 
C . Platzmauu s o]).s<‘rvatioris with soln. of selenium in iodine, vide selenium iodide 
and in sulphur, ?vr/c s(‘lemum sul}>hid(‘. K. Auerbach's cryoscopic observations 
sh()W(‘d thal in pyrosulphurie acid, selenium dissolves as 8 e-mols. E. Beckmann 
found that in clilonne and bromine, the formation of halides prevents a determina- 
tioTi of the mol. wt. ni th(‘se solvents. With soln. of s(*]enium in mercuric chloride, 

. Olivari s observation on tho f.]). agreed with the mol. 8 e 3 and 804 increasing with 
iiicrensing rone. t() ()bs<*rvations were also made with mercuric bromide. 

Ihe f.]). of soliK in anthraquinone or phenanthraqninone agrees with 803 to 804 for 
dil. soln., and Scg in <*one, soln. K. Auerbach found that in soln. of ])yroauiphuric 
acid, selenium is present as diatomic molecules, but above 130°, as monatomic 
molecules- r,dr infra, oxysulphates. V. Kistiakowsky studied the mol. constitu¬ 
tion of Inpiids, and inferred that st4eniuTn is polymerized in the liquid and gaseous 
slates. 


„ ^ specific gravity of vitreous sidmnum ; 

P. von ScliatTgotseli, 4*276 to 4*286-mean 4*281 at 20°; (I F. Rammelsberg, 

4*310; G. Quincke, 4*20 ; M. Coste, 4*302 
4*278 at 074 °; E. IVtersen, 4*29 ; and A. P. Saunders, 
4*28. For the so-called red amorphous selenium, F. von Schaffgotsch gave 4*245 
to 4 27f)—mcian 4*259 at 20 ; and for a sample which had been heated under water 
at 50 until it had turned greyish-black, 4*250 to 4*277~-~mcan 4-264 
gave 4*27 to 4*34—mean 4*30; P. 1. Cholodny, 4*28 at 0°/4° ; 
B. Hathke, 4*26 to 4*28 ; and A. P. Saunders, 4*26 at 25°. For colloidal selenium. 

I’ Lg"* monoclinic selenium, 

E. Mitscherhch gave 4*16 to 4*509 at 15°, and after turning grey at 150° 4*7 

(\ F. Rammelsberg gave 4*51 ; E. Petersen, 4*46 ; P. I. Cholodny, 4*44 at 074° i 
and A. 1 . Saunders, 4*44 to 4*4< at 25°. For metallic selenium obtained from 

; E* Mitscherlich, 4*760 to 

4*788 at 15; C. J. Rammelsberg and A. P, Saunders, 4*8 at 15° ; and B. Petersen, 
4-78 ; and for metallic selenium obtained by heating the vitreous form F. von 
Hchafigotsch gave 4*796 to 4*805--mean 4*801 at 20°; A. BettendorfF and 
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A. VViillner, 4*797 at 20" ; F, Nt'iunann, 4-40 ; C. F. Kammelsber^, 4*5 ; E. Peterson, 
4*03; P. J. (3holo(iay, 1*78 at 0^4°; H. Rathke gav(* 4*80 to 4*81; ami 
A. P. Saunders, 4*8 at 25"^. M. Toepler found the vol. expansion on fusion is 0*018 
e.r. ])or gram. M. Coste gave 4*302 for the sp. gr. of sticks of fused sehmium at 17'A 
and after conversion into the metallic form, 4*356 ; hut the produet conlained 
cavities, and after repeated crushing and boiling in toluene, tlie sj». gr. was 4*80 ; 
and the long needles obtained by crystallization on cooling from 230 a soln of 
solenium in a cone. soln. of potassium hydroxide, 4*82. 11. R. Xriiyt gave 4*80 

for sublimed selenium, and 4*5 to 4*6 for grey crystalline selenium which liad not 
been heated above 120'^. Both forms have a sp. gr. 4*77 after being heated to 125"^ 
for some time. The specifically lighter variety is selenium-A, and the specifically 
heavier variety selenium-B, while 4*77 represents the sp. gr. of a saniple of both 
forms in dynamic equilibrium SoA^SeB. W. Spring gave for mei.allic st'lenium 
before and after compression at 600 atm. press. : 



0 ° 

20° 

4(r 

00° 

SO’ 

100 

Uncoin})reBSed , 

, 4*7.312 

4*7IT(i 

4-7010 

4*6826 

4*6623 

4*6396 

(yomprc.ssed . 

. 4*7994 

4*7869 

4*7609 

4*7526 

4*7351 

4*7167 


A. P. Saunders gave for the best representative values of the three forms c>f selenium : 
4*27 for vitreous and amorphous selenium ; 4*47 for red monoclinic selenium , and 
4*80 for metallic selenium. The corresponding atomic volumes are r(*spectively, 
18*55, 17*72, and 16*50. Some theoretical observations on this subject w(‘re made 
})y E. Donath and J. Mayrhofer, C. del Fresno, I. I. Saslawsky, and J. A. C^roshans. 
H. Schroder discussed the vol. relations of the sulphates, selenates, and chromates ; 
and F. Hund, those of the selenium ion. W. L. Bragg calculated for the atomic 
radius 1*17 A. ; L. S. Ransdell, 1*15 A. ; A. Ferrari, 2*25 A. ; W. F. de Jong and 
H, W. V. Willems, 1*13 A. ; E. N. Gapon, 1*28 A. ; and M. L. Huggins, 2*24 A. 
y. M. Goldschmidt, L. Pauling, E. T. Wherry, and H. G. Grimm made observa¬ 
tions on the ionic radius from which it follows that for sexivalent selenium, the 
effective at. radius is 0*42 A. : for neutral atoms, 1*13 to 1*17 ; and for bivalent 
negative atoms, 1*91 to 1*98 A. J. Geissler found the ionic vol. of Se"' to be 
3*293. J. R. Rydberg ^ gave 2*0 for the hardness of selenium on Mohs^ scale. 
(\ Schiifer gave 0*45 for Poisson^S ratio, that is, the ratio of the lateral contraction 
to the longitudinal extension when stretched longitudinally. L. P. Sieg and 
R. F. Miller measured the coeff. of rigidity of single crystals of selenium and 
found 0*64x101^ dynes per sq. cm.; and for Young’s modulus, 5*8x10^^ dynes 
per sq. cm. T. W. Richards gave for the average compressibility at 20^ between 
J(X) and 500 niegabara, 0*(XK)012'“-tellurium. I. A. Balinkin discussed the 
elastic stresses in a plate of selenium. G. Quincke’s measurements show that 
at 217^, the surface tension of selenium is 92*5 dynes per cm., and the specific 
cohesion a2=r4.41 sq. mm. 

H. Fizeau ^ found the linear coeff. of thermal eicpansion of vitreous selenium to 
be 0*043792. W. Spring gave for the cubical coeff. for metallic selenium which 
had been compressed by 6(X) atm. press., and uncompressed selenium : 

20 '’ 40 ° 60 ° 80 ‘ 100 ° 

Uncompressed. . 0*0al478 00al743 OO3I857 OOJOBl 

Oompressed , . 0*031307 O-OaJGSO OO3I644 O-O3I8O3 OO3IU5I 

This gives for the linear coeff. of metallic selenium 0*044927 at 20 ’; 0*045810 at 60" ; 
and 0*046604 at 100'^. H. G. Dorsey gave for vitreous selenium 0*04324 at “16(P ; 
-^-120^ 0*04335 ; - 80^ O O4369 ; ~-40°, 0*04404 ; 0*04439 at (P ; and 0*043792 at 
50°. W. Gripponberg found that the coeff. of expansion is greatest in the direction 
of the major axis of the crystals. H. F. Wiebe found that like sulphur, phosphorus, 
and mercury the relation Tj^c(0f,—d^)IAa=^2 for selenium, when A denotes the 
at. wt.; D, the sp, gr.; a, the coeff. of cubical expansion ; the m.p. ; df,, the 
b.p. ; and c, the sp. ht. 

J. J. Berzelius ^ found the thermal conductivity of vitreous selenium to be small. 
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According to A. 0. Schultz-Sellack, s(ilenium plates, 0*4 and 3*0 mrn. thick, allow 
the passage of respectively 50 and 16 per cent, of heat when exposed to lamplight 
at 100°, and 36 and 5 per cent, when exposed to the light of a gas-flame. H. V. Reg- 
nault observed that metallic selenium is a better thermal conductor than vitreous 
selenium. According to E. D. Sayce, the thermal conductivity of selenium in 
darkness varies over a wid(‘ range and is affected by the conditions which influence 
its electrieal conductivity, and in the same direction, but in general to a slighter 
extent. The thermal conductivity of vitn'ous selenium at 25° lies betweiui 0-000293 
and 0*(XX^)328. That of metallic selenium at 25° varies from 0*00070 to 0*00183. 
The value for the metallic form increased in general with the temp, of pn^paration, 
but diminishtHi witli age. The temp. coefT. is positive. M. Bellati and S. Lussana, 
and A. Pochettino and G. (\ Trabacebi found that the conductivity is increased by 
illumination. B. Nannei found that the thermal conductivity of metallic selenium 
is increased by the action of light, but to an extent apparently less than is shown with 
the electrical conductivity. This effect diminishes as the temp, rises. R. E. Martin 
observed that a sehmium cell which was not sensitive electrically was also not 
sensitive thermally. The red end of the s]>ectrum is more effective than the shorter 
wave-lengths. The results show that thermal and electrieal conductivities in 
juetals largely depend on the same factors. L. P. Sieg showed that whilst a given 
source of light increased the electrical conductivity nearly 300 per cent., the same 
light did not increase' th<‘ thermal conductivity in any appreciable manner. Con¬ 
sidering all possible sources of error, it must certainly have been under five per 
cent. 

H. V. Regnault ^ found the specific heat of selenium, free from sulphur, to be 
0*08349 to 0-08396- -mean 0*08371 -between 98° and 112° ; and later he gave 
0*1031 for vitreous selenium between —19° and 87° ; between —27° and 8°, 
0*07461 ; and between 20' and 7°, 0*07468. A. Bettendorf! and A Wiillncr 
ob8erv(‘d that the sp. ht. of vitreous selenium, obtained by dropjiing the 
molten (dement into cold water, was 0-0953 b(‘tween 20° and 38° ; 0*1104 
between 22° and 53° ; and 0*1147 between 20° and 62°. A. P. Saunders 
attributed these variations to the partial transformation of vitreous into metallic 
sel(‘nium ; although H. V. Regnault obtained no change in the thermal capacity 
wh('n vitreous selenium is changed into the metallic form ; and for metallic selenium 
with 2-25 p('r cent, of tellurium, he gave 0-07616 botwec'ii 20° and 98° ; 0*07323 
between --20° and 7°; and 0*07446 between —16° and 7°. F. Neumann gave 
0*0860 for the sp. ht. of metallic selenium ; and A. B(ittendorff and A. Wiillncr 
obtained 0-095 between 18° and 38 \ and 0-1 13 between 21° and 57° ; while they 
obtained 0-0840 between 22° and 62° for metallic selenium of sp. gr. 4*797 obtained 
by slowly cooling vitreous selenium ; and 0-08399 for mi'tallic selenium obtained 
by the spontaneous decomposition of alkali selenides in air. Accordingly, he con¬ 
cluded that these two forms of selenium arc the same. P. Mondain-Monval found the 
mean sp. ht. of metallic selenium to be 0*084 between IT/ and 217°, and 0*078 between 
15° and 75° ; of red crystalline selenium, 0*082 between 15° and 75° ; of vitreous 
selenium, 0*106 between 15° and 100° ; and of liquid selenium, 0*118 between 217° 
to 300°. J. Dewar gave 0*0271 to 0*0361 for the sp. ht.' of selenium between —196° 
and —253° ; 0-068 between 18° and —188° ; and 2-86 and 5*39 for the corresponding 
atomic heats; A. Rettendorfl's and A, Wiillner's value for the at. ht. is 6*65 for 
metallic selenium Ix'tween 22° and 62° ; and for vitreous selenium, 7*52 between 18° 
and 38°, and 8*95 between 21° and 57°. 

The action of heat on the difft'rent forms of selenium has been previously dis¬ 
cussed. Vitreous selenium, being an undenjooled liquid, has no definite meltillg 
point; it becomes 1(*S8 viscous as the temp, rises. E. Mitscherlich ® said that mono¬ 
clinic selenium melts when rapidly heated to 200° ; while A. P. Saunders inferred 
that the m.p. is between 170° and 180° ; and H. Coste, at 144°, when heated rapidly 
before it has tim(' to pass to the metallic form. Metallic selenium was found by 
W. Hittorf, G. Pellini, and H. N. Draper and R. »1. Moss to inelfc at 217° without 
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a preliminary softening ; and, added A. P. Saunders, all forms of selenium pass into 
the metallic form in the vicinity of 200°. H. Coste gave 219° for the m.p.; 
L. E. Dodd, 217-4°; W, R. Mott, 217°; and G. Pellini and R. Sacerdoti, 220°. 
E. Berger found the m.p. of selenium to be 220*2°, 0*5°. This is supposed to refer 
to a compound of the two allotropes—^Fig. 5. This transition temperature has been 
previously discussed. G. Tammann and W. Jellinghaus discussed the vol. changes 
in relation to the tern]), and press, of vitreous selenium, C. Zengelis found evidence 
that selenium volatilizes slightly at ordinary temp. E. Berger found that the 
A-form of metallic selenium melts at a lower temp, than the B-form. H. F. Wiebe 
studied the relations between the m.p., b.p., coefi. of expansion, sp. ht., and at. 
wt. of this family of elements ; and H. Carlsohn showed that the m.p. of selenium 
compounds does not conform to the addition rule. S. Datta observed that sub¬ 
limation occurs over 170°. G. Preuner and J. Brockmbller found for the vapour 
pressure^ p mm., 

imr 440^ 480" 500 ’ 020 " O 6 O" OSO" OSO" too* 710** 

p . . 3*0 11*0 21*0 42*0 313*0 550*0 700*0 760*0 865*0 970*0 

J. Jannek gave 0*02415 mni. at 200° and 0-03080 mm. at 230°. L. E. Dodd gave 
0*0(X)84 mm. at 193*6° ; 0*0048 mm. at 215*5° ; 0*(K)55 mm. at 217*4° ; 0*0059 mm. 
at 219*0° ; 0*0138 mm. at 238*0° ; and he represented the results over this range of 
temp, by an (‘quation of the form p—where T denotes the absolute temp. 

For temp, from 193*6° to 215*5°, log 16*692~~7644T 1, and from 221*0° to 238*2°, 

log p—10*733-4722r The results do not agree with an equation of the type 

log c log T. For the solid at the m.p., 1*050 bars or 

0*(XK1767 mm. per degree, and for the liquid dp/dT—0*573 bar or 0*000431 mrn. per 
degr(‘<*. J. J. Berzelius said that selenium boils below a red-heat, but others 
place the boiling point at a higher temp.; thus, E. Mitscherlich gave 700° ; C. Barus, 
687°-694° ; H, Felabon, 690° ; W. R. Mott, 688° ; T. Carnelley and W. C. Williams, 
between 676° and 683° ; H. le (^.hatelier, 638° ; L. Troost, between 664° and 666° 
at 760 mm.; and G. Preuner and J. Brockmoller gave 700° at 865° mm., 688° at 
760 min., and 680° at 700 mm. D. Berthelot said that for a press, p mm. of mercury 
in proximity to the normal press., 690°4 ^ Schuller found that 
selenium is readily sublimed when heated in vacuo ; and F. Krafft and co-workers 
distilled selenium at 380° in the vacuum of a cathode light; and at about 310° at 
60 mm. press. R. de Forcrand gave 14*595 Cals, for the heat of vaporization, 
at the b.p. and 4*595 Cals, per mol. for the heat o! fusion. P. Mondain-Monval 
gave 16*4 cals, per grain ; and W. Herz, 13*4 cals, per gram for the heat of fusion. 
J. Tate gave 29*4 cals, per gram at 35° for the heat of vaporization. L. E. Dodd 
calculated 83*9 cals, per gram for the heat of fusion at the m.p.; 135*5 cals, per gram 
for the heat of vaporization at the rn.p. to form diatomic mols.; and 219*4 cals, per 
gram for the heat of sublimation of the solid at the m.p. G. Preuner and 
J. Brockmoller calculated that the heat of dissociation : See->3Se2-55*96 Cals. 
P. M. Monval found the heat of transformation of vitreous to metallic selenium to be 
13*5 cal. per gram at 130° ; it increases with rise of temp, and at the m.p., 217°, 
it becomes identical with the latent heat of fusion 16*4 cals, per gram. The heat 
of transformation of red crystalline selenium to metallic selenium is 2*2 cals, per 
gram at 150° ; and of vitreous to liquid selenium, 16*4 cals, per gram. E. Kordes 
calculated Q cals./T=8*6 for the entropy of metallic selenium and 8*6 for Se4. 
G. N. Lewis-and co-workers gave 15*6 for the entropy of selenium at 25° ; and 
B. Bruzs, 18*9 for the entropy at the m.}>. W. Herz studied the subject. 

W. S. Gripenberg ® found that the refractive index of crystalline selenium is 
3*5 for sodium light--a value higher than that of any other element. Amorphous 
selenium has a refractive index from 1*16 to 1*27 times less than that of the crystal¬ 
line element. J. L. Sirks found the index of refraction of selenium for the ^-line to 
be 2*654 ; for the «-line, 2*692 ; for the R-line, 2*730 ; for the C-line, 2*787 ; for 
the c’-line, 2*857 ; and for the D-line, 2*98 ; and A. C. Becquerel gave 2*6550 for the 
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8. Kyr<jpoul()s gave for red, crystalline selenium, 2*8 parallel to the chief 
axis, and 2-3 ])erperi(licular to that axis. Observations were also made by W. M(‘ier, 
K, Porsterling and V. Freedericksz, A. H. Pfund, E. 0. Hulburt, C. H. Skinner, 
R. F. Miller, and L. P. Sieg. R. \V. Wood vide %nfra —found a maximum in the 
/tA-course wlien /x is 3*13. The light of an arc lamp was reflecti'd successively from 
six surfaces of selenium, and the image of the crater after the sixtli reflection, 
although faint, was without colour or ex(‘ess of ultra-violet light. P. M. Nicol gave, 


/P 0", 

A. 047(r~4170 r>890 5890 8100-21900 4400-4800 

Ttefractiv'e index . 2 H7-3-31) 2-75 3 00 3 02-2*59 2*74 3 04 

Kxlinetiou ooeO. . 0*45 0 90 O-77-1-07 1 18-0*90 1*05-1*27 

Hough measures on the near ultra-red gave for the index of refraction 2*6, and an 
(‘xtinction coefl. -<0*1. There was no indication of any relation between the optical 


properties and the tern]), of the transformation to the conducting A form, nor was 
there any variation with tlie duration of the ex[)Osiire to light, or with th(‘ age of 
the specimen. A. Krebs measured the index of refraction in the ultra-red ; and 
H. W. Edwards, the index for X-rays The reflecting power of selenium is shown 
by the dotted line, Fig. P). 'Pbere is no marked change in the reflecting })ower 
between A -4(X)/x/x to IOIKI/x/a, and at 6(K)p,^i th(‘rc is a small maximum. These 
results are in agreement with thos(* of P. G. Nutting who found a maximum at 
590^^ to 600/x^, and a slow dro]) in the lefleGing })Ower in the violet, and a rapid fall 
in the ultra-violet. K. Forsterling and V. Freedericksz observed that the reflecting 
power is con.stant between 289/x/x and 240/x/x, but variable with light of greater 
wave-lengths. W. W. Coblentz found reflecting power in the ultra-red to be 18-20 
]>er cent. R. W. W^ood found for the reflecting power, R ; the index of refraction, 
ji ; and the extinction coefficient, k, for light of wav(‘-length A. 

A . . , O-iOO/x 0-49CV 0*589^ 0*7a(V 

fi , , . 2*94 3*12 2*93 2*00 

k . , . 2*31 1*19 0*45 0 09 

R ... 44 35 25 20 j>orc.'nt. 

The reflecting power was also studied by L 1^. 8ieg ; the o])tical constants by 
L. D. Weld. A. C. Schultz-Sellack said the diathermady of Sidcninm is such that 
a ])laie 3 mm. thick cuts off 13 ]>er cent, of the heat rays (unitted by lampblack 
at KXP ; and 5 per cent, of the heat rays from a coal-gas flame. G. (^uihbertson 
and E. P, Metcalfe found th(‘ ind(‘X of refraction of the va})oiir to Ix' 1*(K)1570 for 
A r)46-0/x^; l*00ir)65foi A- r)89*3/xp ; and LCK)237() for A- 6.%-3/x/x. W. 8. Gripeii- 
berg found 3-50 for the imh'X of refra^dion of (Tystallim* selenium at A~ 589/x/x 
(orange-yellow). According to R. F Miller, when ])lane polarized light is reflected 
from the surface of an absorbing medium it becomes in general (dliptic'ally polarized, 
and if the form of the elliptical vibration is determined for some angle of incidence, 
the optical constants of the medium may be cahmlated. With the crystal axis 
parallel to the flame of incidence, the index of refraction is 3-4 to 4*4, and when 
perpendicular thereto, 2-3 to 3'1. E. Schmidt found the degree of polarization, 
TT, as a function of the angle of incidence, i/j, has a maximum at about iJj—Kf. 

if ... 20° 30° 40° 00° 70° 80° 80° 

TT . . . 0*070 0*190 0-.303 0*824 0*980 0-98G 0*505 

K. VV. Wood found that a prism (d selenium lias following values for fh(‘ index 
of refraction, /x, the absorption index, A*, and the percentage reflecting [)ower, ]{. 
for light of wav(‘dength A. 

A . . . 0-400/u 0*490/a 0*589 m 0*760m 

At . . . 2*94 3*12 2*93 2*60 

Af , . . 2-31 1*49 0*45 0*06 

i2 . . . 44 35 25 20 

J. L. 8irks found the disp6rsion of the ^4- to the C-rays to be 6*5 times as great as 
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with car])on diHulpbido. and (fxa 14 tiiiios as gr(‘at. T. Zoj)pt‘llari found tho 

atomic refraction of sohuduin in varioUvS compounds for tlu‘ Ha-, Hp-, lly, and 
tlie r>-lin(‘s. Tlie nvsults for the first and last of the scri(‘s are summarized iii 
Table 1. The values for selenoxene are calculated on the assumption that its 
formula is 


UH: C(VM^) 
^H:C(rH3) 


The results are takem to show that selenium in combination behaves very similarly 
to sulphur in respect to its refraction constants ; the diversity in behaviour of 
selenium in its various comjmunds is, however, much less strongly mark(‘d tlian is 
that of sulphur. i \ P. Smyth studi(‘d this subject, and J. E. (Jalthroj), the relation 


Tablk I.—Atomio Refkaotion ok Selenium. 


f/a-liue. 




1 

{ /t-fornnila 


/x-formiila 


Sb (oliMnent) .... 


! 30-3C 

11-77 


1 __ 

. 


' 19-70 

U)-93 

19-56 

10-94 

b02((J2^1{»)2 .... 


21-45 

i 11-73 

21-57 

11-82 

SeleiioxoDB .... 


18*81 

10-94 

J9-33 

1 IMS 

H2S0O4 41-SI 12 per ceiil. iiq. sol 11. 


15-85 

8-87 ! 

16-25 

I 9'22 

„ 27*3340 


16-64 

8-74 1 

! 15-85 

' 9-00 

H.2SBO, 22-4711 


15-67 

8-92 

15-95 

1 9-12 

„ 30-5030 

KSeCy 32-7722 


1 15-90 

9-91 

16-09 

9-19 


, 26-49 

15-34 

25-79 

i 15-30 

„ 43-5497 


25-00 

14-84 

25-30 

j 15-04 


between the at. vol. and the index of refraction. K. Spangenb(T|;2: studied the mol. 
refraction of th(‘ oxides, sulphides, sehmides and tellnrides. A. Bec(pnTel ^ave 
10*960 for the magnetic rotatory power of selenium for the ^-line ; and if 
/X—2*6550, u -l0*960/X'-^(p,2- i) i--0*255. M. A, Schirmann studital the polanza 
tion of light by subnii(TOseopic particles of selenium. 

As shown by C. R. Freseniusdo and others, selenium imparts a ])ale blue colora¬ 
tion to the flame of hydrogen ; and R. Bunsen observed that sideniiim and its com¬ 
pounds impart a cornflower blue colour to Bunsen’s flam(‘. A piece of cold ])orce- 
lain in tlie reducing flame acquires a brick-red dejmsit, and in tin; oxidizing flame 
a white deposit. J. Pliicker in 1861 made some observations on the spectrum of 
hydrogen selenide ; J. Pliicker and J. W. Hittorf and others proved that selenium 
may show a line spectrum or a band spectrum. When the vapour of selenium, 
boiling in a vacuum tube, is exposed to the jar-discharge, it furnishes a line spectrum. 
If an ordinary discharge be jiasaed through a vacuum tube, in which selenium is 
boiling, it furnishes a band spectrum. The band spectrum was obtained by G. Salet, 
R. Bottger, A. Mitscherlicb, and G. Werther from tlie flame of burning selenium ; 
and, according to E. Mulder, it can be obtained from the metalloid heat(*d in a 
hydrogen flame. Siiljihur under similar conditions gives a continuous sjiectrum, 
and, added E. Mulder, the spectrum of selenium becomes continuous when the 
vapour density is increased. The spark spectrum of selenium was studied by 
A. Ditte, R. Gapron, A. 8. Rao, G. Ciamician, J. Parry, E. Demar^ay, G. Salet, 
A. de Gramont, C. Runge and F. Paschen, F. Exncr and E. Haschek, R. Thalen, 
G. Berndt, L. and E. Bloch, A. Hagenbacli and H. Konen, J. Messerschmitt, 
E, Goldstein, etc. The line spectrum produced by sparking from a jar discharge* 
in a hot vacuum tube has lines at 6055 in the orange ; at 5306, 5272, 5251, 5226, 
5171, 5142, 5097, 5093, 4996, and 4979 in the green ; and at 4845, 4841, 4761, 
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4648, and 4604 in the blue. The arc spectrum of selenium was studied by J. Stark 
and R. Kiich, M. A. Catalan, M. Kimura, J. C. McLennan and co-workers, and 
J. Messcrschmitt; and the flame spectrum by P. Bottger, G. Werther, A. Mitscher- 
lich, E. Mulder, G. Salet, W. N. Harth^y, P. Lenard, J. Messerschmitt, and J. M. Ed(‘r 
and E. Valenta. The bands are sharp on the viol(‘t side, sliade off towards the red 
side of the spectrum. The bands are at 5871 in the orange-yellow ; 5751 in the 
yellow; 5621, 5491, 5371, 5271, 5166, 5031, and 4951 in the green; and 4851 
in the blue. D. Gernez observed tJie band spectrum of sel^mium is obtained as 
an absorption spectrum. At 700°, the vapour of selenium absorbs all the light 
with the exception of the red, but if the temp, is raised, the tint of the vapour 
brightens, and the different regions of the s})ectrum n'appear furrowed with grou])s 
of black bands in the blue and violet. The absorption spectrum was studiinl 
by J. N. Lockyer, R. W. Wood, B. Rosen, J. J. Dobbie and J. J. Fox, 
R. Mecke, T. P. Dale, F. F. Martens, P. Lenard, and W. W. Coblentz. 
M. Luckiesh studied the transmission spectrum of glasses coloured ytdlow to dee]) 
red by selenium, Fig. 9. According to F. van Assche, a thin layer of sehmium. 
obtained by compressing a drop of the fused substance between plates of glass 
at 250°, and allowing it to cool slowly under press., only transmits the rays 
between the spectral lines A and C. 'The amount of absorption increases with tin' 
thickness of the layer. Wlum a beam of white light is passed first througli a soln. 
of alum and then through a film of selenium, all the luminous rays are arr(‘st<ul, 
A thin film of selenium if h(‘ated to 250" is apparently opatpie to all luminous radia¬ 
tion, A. II. Pfund determined the absor])ti()n ])ower of crystallim' selenium for 



Fig. 9. —Spectral Traiisrnissioii oi 
Selenium-coloured Glass, 



Fig. 10.—The Absorption and KeHecting 
Power of Selenium for Light. 


light of wave-length 400/x/x to lOOOp/i, and his results are summarized in Fig. 10, 
and show that the absorption increases steadily from the ultra-red to the violet. 
There is no marked maximum or minimum in the absorption curve near 7(X)/ip. where 
the conductivity of selenium is a maximum. G. Briegleb found that the absorption 
spectrum of soln. in carbon disulphide indicates that there is a change in the mole¬ 
cular structure of selenium in dil and cone. soln. The following values were 
obtained for the value of the logarithm of the mol. extinction coeff., log i*, for wave¬ 
lengths, XiiifjLfi: 


63-5X 10-‘ 



422 

2-13 

37-25x10- * 



2-22 

15-6x10 * 


, 

2-27 

0-91x10 * 



2-29 

0-66x10 ♦ 



2-45 

0-462 xl0-‘ 


, 

2-45 


Wavo-lengtha in /J-fi 

434 417 

471*3 

2-11 

l-«9 

1-G7 

211 

2*01 

— 

21 () 

— 

— 

2179 

2*088 

1-81 

2-34(J 

— 

203 

2-4 

2-30 
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A. Cornu found that the absorption in the ultra-violet increases with increasing 
wave-length. Observations were also made by W. Meier. W. W. Coblentz found 
that with a film of selenium 2 days old the*re is a transmission of about 20 per cent, 
throughout the ultra-red spectrum down to Up, wJiereas with a fresh film fJuj 
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transinission rose to 80 per cent, for 10/bt. Like the metals, 8(‘leiiiuin is more opaque 
than sulphur, and unlike the non-inetala it shows no selective absorption. 

J. N. Lockyer and W. (1. RobcTts-Austen observed that in tin* o.vyhydrogen 
tlaiue, selenium furnishes a channellexi spectrum ; and J. Evershed, that a continuous 
emission spectrum can be obtained from heated selenium vapour. E. I’atcrno 
and A. Mazzucchelli also studied the spectrum from selenium in heated v<*Haels. 
The ultra-violet spectrum was studied by 6. Berndt, J. C. McLennan and eo-workers, 
F\ Exner and E. Haschek, P. Lacroute, and J. M. Eder and E. Vah*nta. The 
effect of temperature was studied by G. Ciamician ; the effc'ct of pressure, by 
G. Ciamician ; the effect of a maepietic fields by J. Pliicker, G. Berndt, and 
J. Chautard ; the self induction, by A. de Gramont; and the enluntced lines, ])y 

F. E. Baxandall. The speetruin of the cathode luminescence w^as studied by P. Jjevds ; 

the resonance spectrum, by B. Rosen, who gave y -397‘3?i 1 where a 

is 27423 for the exciting mercury line 4046. B. Schmidt also observed the series 
A“^—22312™362m 1-I*3m2 in the resonance spectrum. W. Steubing found tliot 
a magnetic field had no effect on the resonance and fiuon'scence spectra. V. Ehreu 
f(‘ucht also studied the subject. 

The compound line spectrum of sehmium gem^rally resombl(‘s the corresponding 
spectrum of sulphur. A. Fowler said that in the diffuse s(*ries of tripl(*ts, many of 
the brighter components are acconqianied by fainter lijH‘s or sat(‘llit(*s. TJu* first 
line of a triplet appears to have a satidlite on the more ndrangible sidi*, wliile the 
s(‘Cond has a satellite on the less refrangible suh*; and the third liin* in three of the 
triplets has a satellite nearly the same brightness as itself. The regularities in the 
series spectrum of sulphur have been discussed by A. Fowler, W. M. Hicks, 
J. C. McLennan and co-workcrs, G. Ciamician, R. A. Sawyer and J. Humphreys, 
C. Runge and F. Paschen, H. N. Russell, B. Dunz, D. K. Bhattacharjya, P. Patta” 
bhiramayya and A, S. Rao, T. L. de Bruin, and M. A. (''atalan 

Tlie high frequency spectrum, or the X-rav spectrum, in the /v-s(‘ri(‘H has been 
studied by W. Duane and K. F. Hu,^^- B. WaltcT, L. II. Martin, J. Schror, A. Leide, 

G, L. Pearson, W. Bothe and H. Franz, R. Edlen, B. C. Muherji'e and B. B. ^iay, 

8 . Bjorck, and M. Siegbahn and E. Fremaun, and they gave for a 2 a, 1-109; 
for a, a, l-lO-l ; and for 0*993. For the L-series, E. Hjalmar, A. Leide, 

D- (^oster, R. Thoroeus, J. Schror, W. Bothe and H. Franz, W. Bothe, 

B. C. Miiherjec and B. B. Ray, S. Bjorck, G. L. Pearson, and 1). Cost(*r and 
F. P. Mulder gave a, a, 8*9706 ; a^a", 8*9386 ; aiidfor^, j8, 8*7172, etc. ; 8. Bjorck, 
1). Coster and F. P. Mulder, studied tJie M-series ; and S. Bjorck, thi^ iV'Series. 

C. T. Chu studied the soft X-rays from selenium ; H. W. Edwards, tin* refi<‘ctioii 
of X-rays. 

N. Piltschikoff ^2 studied the Moser rays emitted by selenium. F. Diestelrneier, 
and W. Steubing found that oxygen and the vapours of suljdiiir, seh‘nium, and 
tellurium exhibit fluorescence^ and that the fluorescence moves from regions of short 
wave-length to regions of longer wave-length with increase of atomic weiglit. For 
oxygen, fluorescence* is exhibited below A2()00 A. ; for sulpliur, between A2r)00 A. 
and A3200 A. ; for selenium, from A3000 A. into the visible region, and for tellurium 
in the, most refrangible part of the visible region. Tlie fluores(*>ence s])ectra an* 
discontinuous, and show more or less f(‘eble groups of lines which hav(* the 
a})pearance of bands. The fluorescence is greatly weakened by mixing the vaj)ours 
with other gases or vapours. The fluorescence is only observable when the vaj)Ours 
are of low d(‘nsity compared with that of the sat. vapours, and the influence of t(‘mp. 
on the intensity of the effect would seem to show that centres of emission an* the 
diatomic molecules. The phenomenon is very sensitive to foreign substanc(‘s, and 
no fluorescence is observed in the presence of small quantities of impurities. Tin* 
fluorescence spectra consist of bands which are shaded off towards the red end of the 
spectrum. As the atomic weight increases, the ‘‘ centre of gravity ” of the exciting 
light shifts from tin* ultra-violet into tlu* visible region. In each case, changes an* 
found to occur in the fluorescence spectrum when the nature of the (‘xciting light is 
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changed. H. Koiion disciiHsed tliib subjoct. K Hobl observed no Huorescence 
occurs with selenium in ultra-violet light. J. C. McLennan and co-workers, the 
fluorescence of selenium vapour. B Kos(‘n studied the fluorescence spectrum ; 
and W. Kessel, the resonance spectrum. 

F. Ehrenheft showed that while suJiiiuir particles move in a direction opposite 

to that of the beam of light - negative jihotophoresis —selenium particles, under 
some conditions, d(‘pendent on the duration of heating in the preparation of the 
selenium, have a ])ositive photophoresis for they move in the direction of the beam 
of light; but I. Parankiweicz showed that with particles of selenium 8x10“® to 
60x10“® cm. in diameter, the negative fihotojihoresis is nearly 6 times as great as 
the force of the same light beam (ui sul])hur particles of the same mobility. The 
negative photophoresis is a maximum with ])articles of radius 15x10 ® cm. The 
negative photojilioresis is indejiendent of time, but the positive photophoresis is a 
function of time and is independent of the surrounding gas and of the press. The 
power of reaction of positive sideniiim on light decn^ases with time. The indej^end- 
ence of the ])hotophonc force on the press., the chemical nature of the surrounding 
gas, the decrease' of the })osi(ive redaction of selenium ])articles which is due to an 
internal change of the selenium, and, furtlier, the fact that particles of different 
materials, but of the same mobility, an* very differently acti'd on by light, all tend to 
confirm the coiudusion of F. Ehrenhalt tiiat the action is a direct one of the light on 
the material. M. Hake, and J. Mattauc h studied this subject. The mass absorption 
coefficient, A/Z>, foi the X-rays when /(, is the intensity of the beam of homogeneous 
radiation, the intensity 7 at a dejith x is and D is the density given by 

G. Barkla and C, A. Sadler for a selenium radiator, is 

C Mo A1 Fe Nl < ii Zu Ag Sn Ft Au 

\/D . 20 16 19 116 141 150 175 88 112 93 100 

The coeff. of absorptionp, for jS-rays was found by J. A. (Vowther to be for selenium, 

H. Muller observed that ex})osing sehuiium to intense a-rays liad no 
effect on the induced radioactivity ; and W, G. Guy could detect no evidence of 
radioactivity. J. E. Wagstaff gave 4 06 x 10^2 for the vibration frequency ; W. Herz 
gave 2*74xK)i2. A, D. Udd(>n found the ionization potential of the vapour to bo 
12*7 volts ; G, Piccardi gave 9*02 volts. E, Rupp studied the.absorption of elec¬ 
trons by selenium. 

P. A. von Bonsdorff found that s('leuium b(*comes electrified when it is rubbed 
in dry air; and P. E. Sliaw and (\ 8. Jex said that the triboelectricity is negative 
when selenium is rubbed with glass. J. J. Berzi'lius, and P. Riess said that the 
electrical conductivity of selenium- juobably the vitreous form---is so small that it 
is a non-conductor of electricity ; and G. J. Knox found that molten selenium is a 
conductor. J. W. Hittorf showed that the vitreous form of selenium is a good 
insulator, while the metallic form is a conductor ; the conductivity increases with 
a rise of tern]), until the m p. is reached, when the rt*sistance then suddenly increases. 
P. von Schrott found that red crystalline selenium, like the red amorphous powder, 
is a non-conductor of electricity. K. F. Herzfeld, and A. Gunther-Schulze discussed 
the metallic conductivity of selenium. The sp. electrical resistance of grey metallic 
sel('nium varie.s with the history of the preparation -temp., direction of heating, 
rate of cooling, the purity and dryness of the materials—as well as on the nature 
of the electrodes. Hence, there are some discrepancies in the published data. 
E. W. von Siemens gave for the sp. resistance, 376,000 ohms; F. Weidert, 
239,00(^ ohms ; and P. von Sehrott, 252,(XX) ohms for a sample obtained by heating 
vitreous selenium 5 hrs. at 195'", and 2 hrs. at 210^ 2J5'", while if crystallized by long 
standing in quinoline, powdered and pressed into cylinders the resistance was 
6 ’8x 10® ohms. If powdered selenium be compressed into cylinders, the resistance 
is always greater than when massive selenium is used. C. Kies said that ordinary 
selenium used in making cells has a resistance of 10,(XX) to 100,(XX) ohms, and that 
50,(XX) ohms may be taken as the best representative value. 8. Datta represented the 
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resistance, Ry at different temp., 0, by i? X 10^^~63’01 —0*86 - -0*002902. H. Pelabon 
gave log it!—8*506 — 0*00950 ohms between 390® and 6CK)® ; at 300®, the resistance 
decreases suddenly to a minimum, it then rises to a maximum and then diminishes. 
Thereafter, the resistance depends on the treatment. He attributed the enormous 
variations in the resistivity of grey selenium with heat treatment to the presence 
of variable proportions of a variety a-selenium which is very resistive, and j3-scler\ium 
which is very conductive. The sp. resistance of selenium cooled slowly from the 
molten state is several millions of ohms, at 15®, and it contains a high proportion 
of a-selenium. If the selenium, heated to near its b.p., is allowed to cool, it contains 
/3-selenium, and its resistance is only a few ohms. Warming a-s(‘lenium camses a 
rapid decrease in resistance until at 200® it is 7x10“^ ohms.; fusion at 2^8® 
is attended by a sharp increase in the resistance. 

E. Marc’s A- or metallic selenium is a non-conductor and the E-fonu is a con¬ 
ductor. If amorphous s(*lenium be heated from room temp, to about 00®, there is no 
sign of electrical conductivity; at about 60° the selenium acquires a small con¬ 
ductivity, and this increases with rise of temj). but it is still small at 90^^. If the 
specimen be now cooled to ordinary temp, it is as before a non-conductor. If heat('d 
above 90°, the selenium becomes grey, and its conductivity is greater than before, and 
it remains a conductor when cooled to ordinary temp. If the temp, is raised to 125®, 
the conductivity is much greater and it increases rapidly to a maximum at the m.p., 
217®. Between 217® ami 250®, the conductivity rises slowly with rise of temp. 
Selenium which has not been heated above 100®-170® has a marked electrical 


resistance at ordinary temp., and, like carbon, the temp. coeiT. of the resistance is 
negative for the resistance decreases with rise of temp. The small conductivity of 
the H-fonn of metallic selenium was attributed by R. Marc to the presence of a trace 
of selenium dioxide. M. (bste, P. von Schrott, K. Marc, A. Pocliettino and 
G. C. Trabacchi, et(‘., also studied this subject. 

When selenium is heated up to 180®-2(X)® it shows a ra]>id increase of 
conductivity with temperature ; and if the temp. b(‘ kept constant for a long time, 
the conductivity rises slowly to a maximum. TIk^ higher tlie constant temp., 
the more rapidly is this maximum attained ; thus, it requires 12-24 hrs. at 210°, 
and 3 days at 180®. If selenium which has attained its maximum conductivity at 
a temp, exceeding 200® be rapidly cooled to the temp, of the room, the e(>n- 
ductivity increases in a way which is characteristic of the metals ; this augment( mI 
conductivity, however, is not retained permanently, but it falls at first ra])idly ami 
then slowly to a minimum value. The time rt'quired for this chang(' depends on t Ik* 
process of heating, and on the purity of the preparation. Selenium when heated to 
200®~215® 80 as to attain its maximum conductivity, and then rapidly cooled, has 
a positive temp. ^oeff. like the metals; if cooled not so rapidly, there is only a 
moderate increase in the conductivity ; and if cooled slowly the conductivity shows 
first a maximum and then a minimum. The j)Osition of the maximum varies with 
the vekxuty of cooling. So also if the specimen has not attained its maximum 
conductivity, and is rapidly cooled, its conductivity 


varies with its history, and the conductivity-temp, 
curve shows a maximum and a minimum at dif¬ 
ferent temp. Thus P. von Schrott obtained the 
results illustrated by the curves in Fig. 11. Curve* I 
represents a sample heated for 5 lirs. at 210®--2]5®, 
and slowly cooled. The maximum occurs at 185®, 
and the minimum at 120®—the temp, coeff. between 
135® and 120® is positive and negative elsewhere. 
Curve 2 represents a specimen heated to 210®, and 
it has a maximum at 140°, a minimum at 100®, and 
a positive temp, coeff. between 140° and 100°, and 



Fio. 11.—The Electrical Resist¬ 
ance of Metallic Selenium. 


negative elsewhere. The sample represented by curve 3 was heated a short time at 
200®~215®, and it behaves like a metal between the maximum at 50® and the minimum 
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;)t ' ndc also 11. If sc'l'iuinn bo lioatod to 210'" tlio inaxirnuni on tho cool¬ 

ing <‘urvo is in a (lilleront position to iho maximum on tli(‘ boating curve. P. von 

Sclirott obtained tb(‘ n'suits indicated in Fig. 12. 
Tie* maximum oji the boating curve is at 13(1', and 
on the cooling curve at 9(1'. L. S. Mcl)ow(‘ll found 
tiiat the increase in resistance of selenium with 
d(‘crease of tern]), coulinues down to tbe temp, of 
lujuid air. vhm tb<’ <‘eU beconu's almost entirely 
non condiK'ting. Tbe (dTocts of pH‘'>'sur<\ and of tlie 
voltago of llie imfuessed viedroniohve force an' in¬ 
die a((‘d b('low. 

Idle ])n‘S(‘nc(‘of iiies— moisture, and metals 
bas a gn‘at influence on tlu‘ temp, coeff. of 
stdenium. If diie'd arnorpbous sedeuiiuin be warmed 
slowly to tbe m.p., tbe conductivity increases 
above' 90’ ; but with moist sel'iiium tbere occur 
with a rise of te'in]). lietwe'e'u llO’ and 130"’, and 



JT^ 2 / 0 ^ 

12.—Klf'rfrie*al Rosintunoe^ 


Km. 

on a Ri.siu^' 
Ten ij>e rat lire, 


an<l a P'alini^ 


regularly as tbe te'inrise's 
decrease's in tlu' conductivitv 

Th 


])benomeuia arc conneH'ted with tlu' loss of moisture. Moist 
liown by K. \V. von Sie'UH'Us, R. Marc, P. von Sebrott, and 
greate'i' (‘onduclivity of moist .selenium, ddie conductivity of 
(b'cre'ases \Nitli tb<‘ passage of a current at first ra])idly, then 
se'lenium attains its maximum conductivity witli cooling more 
H. Mare sbeiwe'd that tbe jiresemce of tbe noble metals-— 


2r)0^and 217’. 
selenium, as s 
(J. Ries, bas a 
moist se'le'uium 
slowly. Me list 
('asily tban elry selenium. 
es])eHua!ly silveu aces'Je'ratf's tbe 1 ransformation eif selenium into tbe metallic form 
The maximum a])p(‘ars more ejuiekly and sbarpe'r tbe' bigber tin' ])roportion of 
silver between 0*03 anel 1*4 per cent. Platinum also gave* gooel results ; coppe^r not 
as good ; and iron did not ael at all. S. Rid we'll was so imjire'sse'd wdth the' favour¬ 
able* e'1Te*ct of small aeblil ions of me*"al impurit ie's on t he conebie'tivity eif se'le'uium that 
be* attribute*el t be* pe'culiar action ed light on that e'le'iue'ut tei the* pre'se'nce* of se'lenide\s. 
H. Marc, W. vein rijanin, M. Spe'rlmg, anel L. \maduzzi anel M. Paeloa, bow^eve*r, 
found that in semie' e'ase's, tlie- se'usuivene'ss eif selenium tei light is eb'eTe'ased by 
irufiurities; anel L. Amaeluzzi and M. Jdidoa feuind that amor])be>us mixtures of 
sulphur anel 8S*99 anel 95*881 jie'r e-e'nt of se'le'uium havn* pbe)te>ele*ctric se*nsi])ilities 
ex])resse'd as the ratio of tbe* coueluctivitie*s in light and in darkness re'sjM'ctive'ly as 
1*20 tind 3*(l The* vS(*conel mixture* is fre*ely sensitive to variations of stremg light, 
tbe first is se’ure'e'Iy sensitive at all. d'be bystere'sis is different in tbe two mixtures. 
Isomorpbous mixtures of sulphur wdtb from 0887 to 10*081 at. ])er cent, of tedluriurn 
gave a sensitiveness curve whieb fell ra])id]y at first and then slowly as the pro¬ 
portion of tellurium increase's. 

E. W. von Siemens e-xamint'd tbe e*fTect of on tbe conductivity. He said 
that selenium prejiare'd by beating tbe amorfdious ebmient to KXP for many brs. 
conducts electricity electrolytically, ?.c. it is a better conductor at a bigli than at a 
low temp. ; but if heated for, say, 10 brs. at 2('10^- 210^ it then conducts like a metal 
in that the conductivity decreases when heated and increases when cooled. 
E. Weidert observTd that 0*5 to 2 lirs. boating suffices to show this effect. The 
second of these varieties is also obtained by slowly cooling molten selenium. 
E. W. von Siemens assumed what he regarded as a third variety of crystalline 
selenium to be stable at 200^ and transformed into the first variety at lower temp. 
The third variety was considered to be a better conductor than the other forms, and 
to be more sensitive to light. E. W. von Siemens assumed that the maximum 
and minimum points obtained with cooling selenium, e,g. Fig. 11, arc due to a gradual 
transformation of the second to the first variety, and that by rapid cooling below 0°, 
the transformation of metallic selenium is complete*. This, however, does not agree 
with P. von Sebrott’s or with Hi(*s’s observations. Tbe transition points were 
foiwul by V. Kies to assume an apjiroximately constant value after some days, and 
to be indepeiidi'nt of comparatively wude fiuctuations of tem]>. under 9(1°, Thus, 
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a prej>aration with a inaxinniin rosistanro at 23' n*taino<] the same value after 
15 years althougli the speeinieri was frequently eiu|)If)y(*(l in experimental work. 
The concluetivity curve of this sample is illiis 
traied by Eig. 13, and it shows two maxima and 
two minima. (\ Kies found that a specimen of 
selenium heated 6 v(t 200 \ and then ra])idly cooled, 
suffered a marked change in its reaction during 
the first ten days- vtrh' Fig. 14, but even after 20 
dayvS it had not attain<*d a constant value although 
subseqinmt changes wen' small. J. JmO'rbacher 
also observed that the selenium may take thn‘(‘ 
weeks before its resistance' attains an apjiroxi- 
mately constant value, although months after¬ 
wards irregularities may ajqiear. IL Marc o])Serv(‘(l that lh<* pn'seiu'e' of the 
noble metals shortens the time n'qnired for tie* ('lenient to assmm* ('(pnlihrium 
and attain a ('onstant state* -r q. in the prese'iiee of 0*01 to O-t ])er cent, of silver, 
the' resistance* of selenium assumt's the constant state in a few hrs. M. t'oste 
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found that immcdiale'ly after the (*onve‘rsion of vitre'ous to im'tallie* se'le'mum, the 
resistance' of a rod 00 ^ 1 ^ 0-5 mm. was 44,000 ohms , (>0,000 ohms afte'r one* hr., 
03,500 ohms afle'r two hrs., 78,000 after twe'nty-four hrs ; and cemstant at 80,000 
ohms, after forty eigljf hrs E. Berge'r found that wlie'Ji se'hunum is (jinmche'd 
from ditTe*r(*nt temp., the* resistance with and without tlu* addition of silver reaches 
a minimum when tlie selemmm is quenched from about 215' - Fig. 15. This is 
taken to mean tliat the minimum represents the formation of a compound of 
allotropes A and B to form eScAu, and that wh(*n epienched below this temp., the 
A-form predominates, and above tliis temp., the B-form. The re*snlts were : 

Queneliing temp. . . . 195° 204° 209° 214° 217° 219’ 

ieJohrns So alone . . . 2130 1870 1800 1790 1820 2780 

R ohms- -Se and silver. , 26'•O 2300 2030 2540 3010 

R. Marc heated a specimen of selenium from 2tU to 201° in jurnjis of 30^" and kt*pt the 
element at each temp, until the resistance was approximately constant; similarly 
on cooling from 201° to 19°. The results are represented by the dotted lines in 
Fig. 15. In each case, there is a maximum in the curve* at about 1(X)° ; and both 
curves have the same general form, but the conductivities on the heating curve 
are less than on the cooling curve. On the heating curve the re'sults are low if 
equilibrium has not been attained and conversely on the cooling curve*. The 
differences in the values on the heating and cooling curves re]>resent hysteresis 
phenomena ; and if a longer time were allowed, so that equilibrium can be attained, 
it is supposed that both curves would coalesce into the continuous curve of Fig. 15. 
Hence R. Marc assumed that selenium exists in two forms, which exist together in 
solid soln., and that there is a state of equilibrium between the two forms so that at 
each change temp, equilibrium is displaced in favour of another state, and that time 
is nee'ded for the two forms to assume that state characteristic of the given temp.— 
vide sKpta. These results (‘xplain the discrepan(*ie*s between the me*a.snrements of 
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(lifftTt-iit obscryers for the electrical conductivity of selenium, this depends on the 
idckIc of preparation, ajul previous history' of the eleinentr—temp, at which it has 
been heated, the duration of the heating, the spo(‘(l of cooling, and that degree of 
[>nriiv of the sfdtminm. 

8 . Bid well said that wlum the teni]). is a few degrees higher than the average 
tfunp. of air, a inaxiinnin resistane<‘ is olitained, and if th(‘ heating be continued, the 
n'sistanee begins to d(‘erease. Tliis was not (‘onfirined by S. Datta, who found that 
with east ‘^oleriiuni annea]f*d at ! 2 tHr and subsequently at 170 until the maximum 
oondnet iv it V was attained and protected from light, the resistanee is intimately 
eonneet(‘d with th<‘ time tak(*n in producing the variation in temp. Not only does 
it de])f‘nd on the rate of heating or cooling, as the case may be, but the future 
behaviour of the sehmium (h'pimds very much upon the period during which it is 
kept at a fixed tem]>. bedore being subjected to a variation in temp. If selenium 
aftf‘r being anneahsl is brought down to room temp, and maintained at that temp, 
for a considerable tinn*, ami then subj(‘cted to a change in temp,, the change in 
resistance is much h‘ss tlian when th<‘ selenium is immediately before brought down 
from a sfum'what liigln^r tmnp , or, in other words, the shape of the resistance temp, 
ciirv'^i* is less ste(‘j> wlnui the teiuj). is (‘hanged aft(T a long period of constant temp. 
And this occurs not at room t(‘mj). a 1 oiu‘, but at all temp, np to about 120 . It 
s(‘(*ms as if, after long being maintained at a constant tmnp., the selenium is sluggish 
in clianging its ]>hysical ])roperti< s connect(‘d with a variation in timip. The 
following det(‘rnnnations of the resistanee, 10 ^ ohms, were made by changing 
the tenq), of tlie sehmiiun so slowly as to eliminate discontinuities due to resistance 
lag : 

0® (15® 20® 10 60* 7S 100* 120" 160® 170" 

6(i() 59 1 49 1 34-6 23-8 15-4 8-0 3*5 1-7 2 0 

Th(‘ nxsuUh can be represented by the ciirvi^ R (65*01 -l-0*86^-l 0 * 002902 ) 105^ 
for 0 bet wemi 0 ’ and 170 . Then* is no sign of any increased rixsistanee below 17(b’ ; 
and abova* this trnnp. the (‘h'rnent begins to sublinu'. This ])r(*vented nn‘asurements 
Ixung niad(‘ at a higher tmnp. although the results all show an increase in the 
nvsistu nee. The eonstanls of the equation depend on the annealing and past history 
of the ehunent. A change of colour a(x*oinpanics the eliange in resistance (m warm¬ 
ing crystals of selenium produced by sublimation. If a transformation into 
allotrojiic forms occurs, as seems probable, this takes place at all temp, and 
th(^ various modilieations are in dynamic eipnlibrium, the quantity of each variety 
(l(‘]>endiiig on t he temp. The degree of stability of each mollification depends on the 
time during which it is maintained at one temp. H. Pc'labon found that the 
(doetrical conductivity of liquid sel(»iiiuin rises rapidly with temp, up to the b.p., 
690”. Oil cooling it again, the conductivity decreases with the same velocity. The 
slow cooling of selenium first nielt(‘d and then heated at 690° results in the pro¬ 
duction at th(’ ordinary temp, of a grey selenium, the conductivity of which is not 
constant for a giN^ui tenq)., but can be diminished at will by slight heating and 
cooling. This ionn of sideniuin does not undergo reversible transformations, its 
]jroperties varyitig with the states through which it passes vide supra, allotropes 
of selenium. K. J. Dideruh found the sp. resistance of crystals of selenium 
decrease with inen'asing temp, with a slighi increase betwinm 0 ” and 50”. K, de Laer 
Kronig studied tin* (‘fleet of electronic bombardment on tlie eonduetivity. 

In 187«3, W. Smith (iiscov(ired what has proved to be a most remarkable }irop(Tty 
of selenium ; it is sensitive* to the action of light. IJe said : 

BeiiiK (JesirouH of obtaining a more suitable high resistance for use at the Shore Station 
in conneetii'n with my system of testing and signalling during the submersion of long 
snbmaiine eables. 1 was induced to experiment with bars of selenium, a known metal of 
verv high n^sistance. I obtained several bars varying in length from 5 to 10 centimetres, 
and of a dianu'tor of 1 to 1^ millimetres. Each bar was hermetically wealed in a glass tube, 
and a pUitinuni wire jnojected from each end for the puriiose of connection. The early 
ex}>erirnontH did not place the selenium in a very favourable light, for the purpose required, 
for although the resistance was all that could be desired sorre of the bars giving 



SBLKNIUM 


72r) 

1,400 megohms absolute -y(^t there was a great discrepancy in tlio tchts, and s(ddoni did 
difToront operators obtain the sanie result. While investigating the cause of such grofit 
differences in the resistance of the bars, it was found that tlK> resistance alteretl materially 
according to the intensity of liglit to which it was subjected. When the bars werf fixed 
in a box with a sliding cover, so as to ex<‘lu(le all light, their n^sistance was at its highest, 
and remained very constant, fulHlhng all tlie conditions necesKary to my requirements, 
but immediately the cover of the box was removed, the conductivity increased from 15 to 
100 per cent, according to tlie intensity of the light falling on the bar. Merely intercepting 
the light by passing the liand before an ordinary gas burner pla<*ed several feet from the bar 
increased the resistance from 15 to 20 per cent. If the light 1x5 intercept(^d by rocksalt or 
by glass of various colours, the n^sistance varies acc‘ording to the amount of light passing 
through the glass. To ensure that temp, was in no way affecting the expia-imerits, one of 
the bars was placed in a trough of water so that there was about an inch of water for the' liglit 
to pass through, but the results wcm’c the same; and when a strong light from the igninon 
of a narrow band of magnesium w’as held about nine inches abov’^e the water the resistarn e 
immediately fell more than two-thirds, returning to its normal condition iminediat<dy 
the light was extiiiguished. 

The lowering of the electrinal resistonee of Beleniiini by exposure to liglii vvns 
confirnied by M. Sale, the Karl of liosse, W, (T Adams, etc. The effect is prodiu'cd 
by lamp or candle liglit filtered through a ])late of sodium chloride or coloured glass 
to cut off the heat rays. S. Datta, indeed, showed that nut more that 0*01 of the 
effect produced by liglit can be attributed the lieai jiroduced by light, lb (Indden 
and R. Pohl attributed the })hotoconductivity primarily to the liberation of ehs tious 
inside the crystals by absorbed light, while secondary eflecis are ])ro(lu(‘c(I liy tin* 
positive charges left behind in the crystals. Two kinds of crystals wi‘re observ(*d ; 
(i) those in which the primary ionization takes place in the pure crystal material 
selenium, cinnabar, zinc blende, diamond, sulphur, etc., and (ii) tliose in which 
the ionization is located in impurities of irregularities in the crystal structure— 
e.g. coloured quartz, and alkali iodides. The cryvstals of the first class liave all a 
refractive index greater than 2, and all crystals wdth the index greater than 2 
exhibited photocond uc ti vi ty. 

The unit of dlummation is the /ikv -plural /crr.v- wiiich is intensify of light at a 

distance of one metre from a standard candle ; and the so-called foot-cundli which is the* 
intensity of light at a distance of one foot from a standard candle. The relation botwocm 
these two units is represented by the formula : luces- 10-75 foot-candles. The illumination 
values are calculated from ; luces c andle power dividcxJ by the square of the distimcH' 
in metres ; or foot-candles™candle iiower divided by the square of the distanc^e in feet. 

In the ordinary selonium cell, the variation of the electric resistance of tlie 
element when exposed to light is measured on & suitable galvanometer. The term 
“ cell,’* therefore, is not used in the same sense as is usually understood, and 
G. W. White preferred the term selenium bridge, and L. H. Orum^ selenium unit. In 
the construction of selenium cells, the resistance of the selenium is so high that it is 
advisable to arrange the selenium so that only a short length need he traversed by the 
current; and that a large sectional area of selenium be used in order that as much 
current as possible may pass through the selenium ; further, since only the exposed 
portion of the selenium suffers a change of resistance with illumination, a compara¬ 
tively large surface with respect to its vol. should be exposed to the light -this 
means that thin layers of selenium must be used. The preparation of thin films 
of selenium was described by M. Reinganum, A. H. Pfund, W S. Gripenberg, and 
G. von Salviati, In 1876, E. W. von Siemens constructed the first selenium cell; It 
consisted of two platinum wires wound in a flat double spiral, and attached to a sheet 
of mica ; the sheet and wires were then coated witli molten selenium, exjiosed to a 
temp, of 200° for some hours, aiid slowly cooled. This process of long heating and 
slow cooling is called annealing. Selenium of a high degree of fmrity is emjiloyed, 
but when alloyed with 0-01 to 0*1 per cent, of silver R. Marc showed that the 
recovery of the cell may be hastened as indicated above. V. C-hiarini said that red 
selenium is more sensitive t»o changes of light than is the case with black selenium. 
E. Ruhmer prepared what he called soft cells in which the selenium is coarse-grained, 
and obtained by annealing at 200° followed by slow cooling ; and hard a d in whicli 
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thf‘ sclwiiiini is fiiif-grained, and ()l)tained by annealing at a somewhat lower temp, 
followed hy rapid cooling. Hard cells have a greater resistance than soft ones, and 
suffer a relatively smaller cliange in resistance with illuniination. The soft cells 
are v(*ry sensitive to feehle illumination, but their resistance with strong illumination 
is smaller than with hard cells. 'Diis is illustrated below. A longer time is required 
by a hard cell than by a soft cell to assume its equilibrium resistance value on expo¬ 
sure to light; and the recovery of its resistance on cutting off the light is faster with 
hard cells than with soft cells. The of a selenium cell is the ratio of its 

resistance in the dark to its resistance when exposed to the given source of illumina¬ 
tion. The illumination jiroduced by bright sunlight at noon on a winter’s day 
approximates 20,000 luces, so that the serisihilities of the soft and hard cells indicated 
below are resjiectively 120,000/1500-80, and lOO, 000/6(X)0—16*6. E. Riihmer 
has constructed cells with a sensibility exceeding 2(X). Numerous different forms of 
selenium cell liave since been devised with the idea of decreasing the resistance and 
increasing the ex]>osed area of the selenium as much as possible. 

Most seleiinirii ( (‘Us van b'' div idod into two groujjs according as tho light falls vertically 
or paralk'i to the <br(‘ttiou of tli(‘ eltH-tric current in tho selt'nium. I'he relative merits of 
the two forms w<‘r\‘ discussed b;v M. .S|)erlirig, C. W. WJiite, A. M. '^ryndall and (1. W. White, 
(k Hies, and VV. S. (Jript‘uh(*rg. (VlJs of the first type, made from wire or ribbon, were 
doHCTibed by S. lii(iwcll, K. W. von )Sicrnena, K. Mercadier, A. (1. Bell, A. F Weinbold, 
O. von Bronk an<l Jtulimer, \'. K, Zworykin, K. Marc-, K. Kuhmor, R. Hart, etc. Cells 
of the first type made by ruling or engraving lines across a thin layer of, say, silver, or, say, 
glass on carbon, and tilling up t bo gap witli selenium were made by G. von Salviati, K. K. Lie- 
sc'gang, B. (ilatzel, K. K, pk)urnier d’Albe, C. Hies, F. Prosser, W, 8. Gripenborg, O. Linder 
and B. J. Heploglo, A. Kigbi, A. C. Longdc^ri, J. W. Giltay, etc. Cells of^thesecond type were 
made by A. M. Tyndall and (L W. Wliite, W. 8. (fripenberg, G. Dragonetti, C. E. Fritts, 
A. Kiglii, W. von UJjariin, H. Kuclionmeister, J. Neale, K. E. Martin, H. Thirring, J. L. Baird, 
K. Hart, etc. A. (), Kankme, and Fhdccr found that some cells with direct current 
show apj)n*ciablo and persistent polarization eft’oets whicii disappear when the cells are 
operated by alternating currents and the c#*lls th<»n show an enhanced liglit sensitivity. 
A. Mi<*kwitz used Uie solcmiim c(‘ll as a colorimeter. 


The increase in the electrical conductivity which occurs where selenium is exposed 
to light is such that with cells of low resistance the conductivity increases rapidly at 

first, and then more and more slowly— A, Fig. 16 ; 

I while with cells of high resistance or high sensitiveness, 

the conductivity rises to a maximum value and then 

_ falls off more and more slowly— B, Fig. 16. In both 

cases there is an increase in conductivity immediately 
^ after exposure to light. C. Ries mentioned a case 

V. wliere the conductivitv of the cell fell off so much that 

I ^ 

<1 \ that shown in darkness. He attributed this anoma- 

lous result to the presence of moisture. F. C. Brown, 
however, jirepared cells which had a low resistance, 

-and a sensitiveness never above 20 per cent., and 

-- which decreased their conductivity immediately after 

„ . exposure to liglit- ~C\ Fig. 16. These cells were said 

'Klo<-trioaf CondurtiviV Ivjht-rmgative cells in contrast with the 

Exposure to Jdght. * po.^Uire mis whose conductivity always increased when 

exposed to light. 0. Weigel inferred that the light- 
sensitivenes.s of selenium is due to the contained water reducing the resistance, 
although this does not agree with hi.s observation that the light-sensitiveness in 
vacuo is greater than it is in free air, and with C. Ries’s observation that the 


Tme 

Fio. l(i.—Types of Change of 
Kleeirieal Condur'tivity on 
Exposure to Jdght. 


light-sensitiveness of dry preparations of selenium is decreased by moisture. This 
is in harmony with the exi)eriment of P. von Schrott, and A. Pochettino and 
tJ. 0. Trabacchi. Ob.servations on thi.s subject were also made by F. C. Brown, 
and L. B. Crum. C. Ries conchide<l tliat the so-called light-negative pro 2 )erty of 
selenium is not a sjiecitic ])roj)erty of the element, but is a secondary efiect 



SELENIUM 


727 


produced by rnoisturo or other imparities. W, Fleehsig studied tlie elTect witli 
crystals of seleuiiifri. 

The oii’ect of light of dillVrent uilrtmti/ on the resistance of selenium expressed 
in R ohms, witli an a[)[)lied e.in.f. of 10 volts, witli light of intensity, I luet's, is illus¬ 
trated by the following observations by E. Hausmann with E. RuhmeFs soft 
cylindrical and hard fiat cells respectively : 

Soft /|. 0 1 2 4 1(» 250 1,000 20,400 

(Vll J20,000 42,000 32,000 25,000 15,000 0,000 5,000 3,050 1,500 

Karel / ) . 0 4,00 .S,00 22,2 200 555 0 SOO 5,000 20,000 

(W1 100,000 75,000 ()(),000 51,000 35,000 2(>,000 23,000 14,000 0,000 

Observations were made by 0. Ries, V. R. Barton, A. Korn and B. Glatzel, C. Carpini, 
M. Sperling, W. Janichen, R. J. Piersol, etc. C. Carpini found that the curve 
varies according as the light intensity is being raised or lowered. V. 1\ Barton 
measured the change of electrical resistance ])roduced by light between 4300 A. 
and 93(X)A., and observed a maximum decrease at 7000 A. The Earl ol Rosse, 
W. (i. Adams, and G. Berndt assumed that the resistance, R ohms, is universally 
proportional to the square root of the light intensity, 7 luces, so that R ~al ^ 
wliere a is a constant. This equation does not give good results even as a rough 
ap})roximation for intense* illuminations, ]>iit it is valid for light of moderate 
intensity. A. H. TTund found this relation a]>]>lies for the sy>ectrum from tlie 
violet to the yellow, and P. J. Nicholson found that it holds from 23()^/x to 
9()()/x/x, M W, von Siemens, and E. A. llopius assumed that the resistance is 
inversely pro[K)rtioiial to the cubic root of the intensity of light so tiuit R~al~\ 
where a is a constant. The results with this eepiation are moderately acx*urate, 
and give rough approximations, but for more intense illumination the index 
has to be chang(‘(i again. A. H. Pfund, and E. Ruhmer found that the resistance 
can be represented by R—al P, where a and ^ are constants which can be 
valuated from two observations R^ and witli corresponding values of /j and 
/o, when log R^ -log R^- /3(log / 2 -~log ij). For the selenium em])loyed by 
A. H. Pfund, tlie so-called iUumit}atmn constant 0'510 for light of wave-length 
A* 450/Aja ; {)*712 for A ()9G/x/x ; and P 1 for A—Tli/x/c to 83()/x/x. E. Ruhmer 
found that ^ ranged from 0*25 to 042. N. A. Hesehus gave the relation 7—1), 
where a and h are constants, and m denotes the relative eliange in the resistance such 
that 7i!iijjht=^7j!(]ark(^?^H-1) 'L For the selenium employed by N. A. Hesehus, a-=5, and 
h- 2. E. Presser gave R where a and b are constant, and x is a measure 

of the softness of the cell, and lies between 1-0 iind 1*5 being nearer unity the harder 
the cell. G. Athanasiadis gave I~K{K —where a and h are constants and K 
represents the conductivity of selenium, 77“i 10^, so that 7^~ a-f-(a2 f 47// ~^)~’i2 x J0'‘'\ 
M. Sperling gave K- -a log (1-f 67), where a and 6 are constants depending on the 
wave-length of the light. G. M, Miiichin gave an expression which reduces to 
log (7?(j/7^) ~-(7/7i)'‘ log (7?()/7^i), where 7^ is the intensity of the light which alters 
the initial resistance 7^o of the cell in darkness to 7?^; 7 is the intensity of the light 
which alters 7?o to 72; and n is a constant— Rq is known, the ratio R^jRi can be 
measured for an illumination of intensity, 7i, and the resistance R can then be 
calculated for an illumination 7. The expressions of N. A. Hesehus, E. Ruhmer, 
G. Athanasiadis, M. Sperling, and G. M. Minchin give very fair results. P. von 
Schrott, M. Sperling, C. Ries, and F. C. Brown and J. Stebbins have shown that the 
sensitiveness to light of a cell made from well-crystallized selenium with a negative 
temp, coeff. of the resistance decreases when heated from room temperature up 
towards the m.p. The decrease is at first rapid and then slows down until in the 
neighbourhood of 200^ it almost vanishes. A. Pochettino observed that the 
sensitiveness to light is very great at temp, below 0^, and he found a maximum 
efTeot at —40°, and at the temp, of liquid air the sensitiveness is about a quarter of 
its value at room temp. C. Ries doubted if the maximum at —40° is really an 
effect of the light; he believed that the sensitiveness to light, E per cent.—whore 
7i'==100{72dark"~ 7i?iight)/72dark—changes with the temp, in the same way as the electric 
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resistance, and a maximum in the resistance curve corresponds with a maximum 
in tin* st'usitivenoss to light. Tliis is ])roved by the observations of R. Marc, illus¬ 
trated by Eig. 17. L. S. McDowell found 
I " LHyi ' 1 i ] ^ J action of heat and light in pro- 

f I I j 1 ^ duciiig a change in the conductivity of 

/2\ -t / i ^ \ l i L selenium is identical. The change in 

b 1 / i / VC-nnnr) ! conductivity due to excitation by light 

\T\ [/ __ fei 4^. i - ^ ^ same intensity takes place more 

S A I ^000 ^ slowly at low temp, than at ordinary 

I I ' ^ j ^_- N. -1 'I temp., but the final cliange produced by 

„ I - _ 1 \9 000 sat. is enormously greater. B. Glatzel 

^ [ i_^__1 found that the sensitiveness and resist- 

4\ — 1 _ ]_ L 1 J „ i __ l _ 1 \^000 ance increased continuously as the temp, 

-i?? -/^ 0 /o 20 3(f ^ fell from (j" to-70". P. von Schrott ob- 

Fig. 17.“ The Effect of TcmfH'mture on served irregularities when incompletely 

llio hJo(‘tri(al Itesi'^ianio and SenniliNo ... , . i j 

no..8 to L.gl.t of Seloin.nn. crystallized selenium was employed ; and 

he obtained the results summarized in 
Fig. 20 ])y tlie use of white, red, and green light. E. O. Dieterich measured tin' 
elTect of teinperalnrv on cells in which no maximum occurs in the red, and found 
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Fig. 17.“The Effect of TcnifH'ratun* on 
llio EJet'trKal Kesi'^ianeo and SenniliNo 
no.sa to Ljglit of Sc'tannin. 



Figs. 18 and 19. -I'ho Fffen t of Teniporaturo on the Electrical Conductivities 
of SeicniiJtn Exposed to Light of Different Wave-lengths. 


tliat the sensibility in the blue end decreases markedly with rise of temp., while it 
is scarcely affected in the red end- Fig. 20. The resistance at 33" is 223,500 



ohms; at 61°, 334,000 ohms; at 81*5°, 181,000 
ohms; and at 132°, 195,000 ohms. In another 
type of cell with a maximum in the red, the 
maximum is displaced towards the red with rise 
of temp.—Fig. 20. D. S. Elliot found that at 
the temp, of liquid air, the maximum shifted 
towards the shorter wave-length. 


Fig. 20. — 'J'ho Effect of Tempera- Light of different ivave-levigth, or colour 
t^uro on the Senmtivoness of affects differently the resistance of selenium. 

Cro^rLiVic observations of the resistance— 

expressed in terms of the deflections of the gal¬ 
vanometer-are plotted in Fig. 21. The results show that while the blue and 


infra-red regions have but little effect, light of wave-length 700/x/x produces 
a considerable change in the resistance. P. J. Nicholson extended these obser¬ 


vations with the ultra-violet and found, as did A. H. Pfund, a maximum for 
lOOfifi, Fig. 21 ; a minimum iu the vicinity of GOOpfi, and a maximum at about 
bipfjLfjL, Observations have also been made by M. Sale, W. G. Adams, E. W. von 
Siemens, G. Berndt, L. A. Forsmann, B. Gudden and R. Pohl, V. P. Barton, 
M. Sperling, F. C. Brown and co-workers, M. Abonnenc, A. Conm, E. O. Dietrich/ 
A, Pochettino, P. J. Nicholson, R, Marc, and D. S. Elliot. A. Mickwitz studied the 
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use of the selenium cell as a colorimeter. According to F. C, Brown, the sensitiveness 
of selenium to light rays of different colour depends on the mode of crystallization of 
the selenium, on the intensity of the light, on the duration of the exposure, on the 
previous illumination and the temp. In general, the selenium contains many kinds 
of crystals of different sensitiveness. Grey crystalline selenium has no characteristic 
curve for colour sensitiveness; and in a selenium cell there are probably many 
kinds of crystals with different sensibilities, fn nearly all available spectra red light 
possesses more energy than the other colours ; and while red light is most effective 



Fm. 21.--Tlie Fffwt of J.ight of Different 
Wave-length on tlie hnectrical (Jon- 
duofcivity of Selenium. 



Fjo. 22. — The Effect of Light of 
Different Wave-length on the 
Elet^trical Conductivity of Se¬ 
lenium. 


in lowering the resistance of selenium, that element is perhaps most sensitive to blue 
light, meaning that blue light is more effective in its action than is red light possessing 
the same energy. The law of the light action is the same for all kinds of light though 
the amount of action differs from colour to colour. Selenium, however, is not 
markedly selective towards any particular colour provided all possess the same 
energy. Red light from terrestrial sources has more energy than other colours, 
but as the source of illumination gets hotter, the maximum of energy shifts from the 
red end of the spectrum towards the violet. 

J. E. H. Gordon, H. N. Draper and R. J. Moss, P. von Schrott, C. Ries, etc., have 
shown what an important influence the mode of preparation of the selenium has on 
its electrical conductivity. R. Marc, and A. Pochettino found that the sensitiveness 
of selenium for red liglit is increased by previous exposure to white or blue light, but 
the sensitiveness for blue light is not afiected by a previous exposure to red light, 
P, J. Nicholson found that when the cell is subjected to a steady beam of red light, 
its conductivity is increased 2*5 times, and the red maximum is almost entirely cut 
out; when subjected to a beam of green light, the conductivity is increased to 
about 3 times, and the red maximum and the infra-red sensibilities are slightly 
reduced. P. J. Nicholson found that with a limited exposure of 12*5 seconds, the 
region in which jS is the expression R^aj^ is nearly 0*5 extends into the ultra-violet 
as far as 230 /a/x. When the time of illumination was reduced to 10 seconds, a notice¬ 
able increase in the value of j8 followed, with a small shift of the region in which 
jS becomes 1 towards shorter wave-lengths. With the longer illuminations (15 and 
20 seconds) the contrary was the result. Finally, with exposure until a steady state 
was reached, it was found that )3 was approximately constant and equal to 0*5 
throughout the entire spectrum. There appeared, however, to be an appreciable 
minimum in the value of )3 about the region 600jLt/x, for here the value found in many 
sets of readings was about 0*4. F. C. Brown and J. Stebbins found that the resist¬ 
ance, JR, of grey crystalline selenium is depressed 0*05 to 0*3 per cent, per atm. by 
pressures p, between 1 and 460 kgrms. per sq. cm.: 

p . . 1 69 102 250 333 405 453 496 

H . . 113,500 106,900 99,900 74,600 64,300 56,000 51,700 44,600 ohms 
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The decrease in the resistance of selenium by ]>ress. between 0 and 600 abm. 
is approximately a. linear function of th(‘, press.; and it is a function of the initial 
resistance whether the initial resistance be conditioned by press, or temp. The 
press. eHect is due to the selenium itself, and not due to a change in the contact 
resistance between the electrodes and tJie selenium, or between parts of the selenium 
itself. F. Monten found a 0*5 to 2 per cent, jier atm. decrease at 3000 atm. While 
F. C. Brown and J. Stebbins found little or no hysteresis at 450 atm., F. Monten 
found that the resistance returned to its original value only slowly after the selenium 
had been subjected to a high compression. F. V. Brown and J. Stebbins observed 
only a small decrease in the sensitiveness of selenium to light at different presws. 
Thus, the f>ercentage change of resistance due to light with and without the applica¬ 
tion of press, was in one case 6*92 and 5*77 respectively, in another, 7*70 and 7*11 ; 
and in a third, 9-70 and 8*89. F. 0. Brown found that with single crystals of sele¬ 
nium, the conductivity in the dark increases about 120 times for an increase of press, 
of 180 atm., and in light the effect is greater. He succeeded in increasing the 
conductivity of one crystal about a million times by press., and under these con¬ 
ditions the selenium was not sensitive to light. The hvstcrises was only slight. Tiic 
(ffiange of conductivity produced by light with press, up to 180 atm. is directly 
proportional to the conductivity in the dark, so that with a green illumination the 
I)ercentage increas(' in conductivity is constant. The press, effect makes it easier 
for the light to change the conductivity, but the press, does not act except at the 
point of application. A. Wendt studusl this subject. F. C. Brown found that the 
change produced by temile iifresses is not so great as for compressive forces. 

1^. C. Brown and L. P. 8ieg found that the effect with a hexagonal crystal pre¬ 
pared by heating vitreous selenium for a couple of weeks at about 200^ and with a 

crystal j)ropared by heating vitreous selenium in 
^ 0 VT ' vacuo at 170°, is summarized by Fig. 23. E. 0. Dietrich 
.| also found that with a high crystallizing temp., selenium 

^ ^ maximum at 5(X)/u/x,; and when crystallized at a 

I ^ temp., the maximum was at 700/x/x. F, 0. Brown 

^ summarized his conclusions: Light of all })ortions of 

v^iaible spectrum alters the conductivity of crystals of 

Fio. 23 _FfT f selenium of the two systems. When the light is 

Light of Different recovery is very rapid. If the entire crystal is 

Wave-length on the dluminated equilibrium is reached in less than 0*2 second. 
Conductivity of 8t>- The maximum sensibility for given energy is in the ultra- 
eniuni Ciyslalw. violet. The crystals are in an equilibrium such that a 

^ rpi prcss, of 180 atmospheres will increase the conductivity a 
nundredluld. Ihe specific conductivity increases with the applied voltage. The 
transmitted almost undiminished throughout the crystal. The 
crvsfflr **Tl,r outside-the region of the mechanical stress in the 

the electnVal ^ electric potential is not transmitted beyond the region of 

field Thp . I J** ♦’ nianifest itself except in the direction of the electrical 

Snd\,cSL i, 11 proportional to the 

where the ^ ^creased sensibility takes place only at the place 

lifrht action^fts w n increase of sensibility holds for the transmitted 

actiL at rdtrln! K The velocity of transmission of the 

are doublv reWtin J greater than two cm. per sec. The crystals of selenium 
optic properties wil? L consequently it would be anticipated that the electro- 
S If the acHon !f 1”" U ^ illumination is along different 

striLnre tL ^ Were only on the atoms, irrespective of tL crystal 

crystal are illuminaLd ^ different sides of the 

crystal "e dlunnnated provided that the reflecting power is constant. F. C. Brown 

fa k ^ observed that when the illumination is directed on either of the larire 

wave fenShTcr^ «<'«8ibility began to increase rapidly ft 

wave-length 0-6(ip, and held a broad maximum with a mfan position at 0-7p. ^At 


J!^d/n/c — 

J 

^00 SOOuu 


Wave-length on the 
Conductivity of 8t>- 
leuiuni Cry si a 1 h. 
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A- ()‘8f)/i there was a very large sensibility. By ilhiniinating either of the short 
edges of the crystal the sensibility had just started to rise at A —()*74/x, the position 
where with side illumination the maximum occurred. In this instance the maximum 
was very sharp and located at 0*79p,. In the infra-red beyond wave-length 0’82/x 
this edge of the crystal was more sensitive relatively to the minimum than was the 
flat surface at its maximum. When either of the longer edges was illuminated as 
shown by arrow 3, the maximum was at 0*76/Lt. R. J. Pierso) measured the relation 
between the light intensity and the photoelectric current. F. C. Brown and L. P. Sieg 
investigated the elTect of varying the angle of incidence on the lamellar crystal of 



Fig. 24. The Dircitivo Effert of Light on 
the Light Sensitivity of Selenium (/rystal. 



Fig 25. —The Efiect of Polarized Light at 
Differtml Angles on the Liglit Sensitivity 
of Selenium. 


selenium. For angles of about 60^, Fig. 25, there was a decided change in the 
character of the sensibility curves, but for larger or smaller angles the form of the 
curve was not changed. With light polarized in the plane of incidence and then 
at right angles to this ])lane, there w^as no change in the character of the sensibility 
curve, but at about this angle the effect of light polarized in opposite planes was 
(juite different. When the electric vector of the light is perpendicular to the plane 
of incidence, the sensibility curve was similar to that shown in Fig. 24 ; but when 
the electric vector was parallel to the planes of incidence, the maximum was broader 
and higher. J. C. Pomeroy examined the elfect on the transverse conductivity of 
single crystals. 

W- 6. Adams first showed that the resistance of selenium depends on the 
impressed electromoHve force, for he observed that with e.m.f. of 7, 42, and 49 volts, 
the observed resistances of selenium were respectively 
5400, 4600, and 4400 ohms, so that wdth an increasing 
voltage the resistance diminishes. Hence, a complete 
statement of the change in resistance in selenium exposed 
to light should include the magnitude of the impressed 
e.m.f. employed in measuring the resistance. F. Kampf, 

J. Luterbacher, C. Ries, and L. S. McDowell confirmed 
this observation. F. Kohler, R. Furstenau, H. Greinacher, 

J. J, T. Chabot, L. A. Forssman, R. Sabine, and S. Bidwell, 
studied this subject. J. Luterbacher’s observations on the 
conductivity of selenium with a direct and an alternating 
current are illustrated by Fig. 26. E. E. Fournier 
d’Albe represented the relation between the resistance, R, 
and the voltage, E, by (Ri—R)IRi~a log E, where a is a 
constant varying between 0*1 and 0*5 according to the 
kind of cell used; and Rj, the resistance when the voltage is unity. J. Luter- 
bacher found that the observed effect is not due to the development of heat; 
and C. Ries showed that it is not t{ie result of polarization. C. Ries examined 
the efiect of temp, on the voltage effect. If the observations are made when 
the resistance has attained a constant value the effect is but small up to about 
90“, and after that there is an abrupt change. F. C. Brown investigateci the effect 
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Fig. 26. —The Effect of 
Impressed Electromo¬ 
tive Force on the Re¬ 
sistance of Selenium. 
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of press, on the voltage effect—at a low press, raismg the voltage from 1-4 to 143 
i)roduced a 416 percentage increase in the conductivity, and at a high press, on y 
i 33 percentage increase. C. Rie.s. and A. Pochettino observed that an increase 
in the voltage of the current decrea.ses the sensitiveness of selenium o lig • 

R. Glatsel, and F. C. Brown observed no marked difference, due, according to C. Kies, 
to the employment of small differences in the impressed e.m.f. or to the use of varie¬ 
ties of selenium which show but a small voltage effect. F. Kampf found that the 
sensitiveness of selenium to light, with voltages below 20 , is constant, and rapidly 
decreases with voltages between 20 and 100 ; and with still higher voltages, the 
results are anomalous. G. W. White observed that a peater change of conductivity 
occurs in a selenium block when the ray of incident light is in the direction of flow 
of the current than when it is at right angles to the current. r i + 

The conductivity of the selenium cell varies with the intensity of the light so 
that if the cell be exposed to intermittent flashes of light of constant intensity a 

zigzag curve is obtained, Fig. 27, and the 
dotted lines show that the maximum con¬ 
ductivity in light and the minimum con¬ 
ductivity in darkness soon attain constant 
values. * With niany short flashes, the 
variation of conductivity is ])roportiona] 
to the intensity of the illumination and the 
time interval. The increase in the electrical 
conductivity of selenium resulting from 
illumination is not instantaneous, and the 
recovery of the original resistance after exposure is, as shown by S. Kalischer, much 
slower. This phenomenon—the Nachwirkung of selenium—is seriously called 
inertia, fatigue^ lag, or hysteresis. When a cell is illuminated, the greatest decrease 
in resistance occurs during the first second, but the action is not generally completed 
until the elapse of 5 or 10 minutes ; similarly, the recovery of the original resistance 
on darkening the cell is not an instantaneous effect, but depends on the duration and 
intensity of the ])revious exposure. Some cells require to be kept several hrs. in 
darkness before the original resistance is recovered, other cells require 2 or 3 days. 
Working with E. Ruhmer's hard cell, with a resistance, R, in the dark of 100,000 
ohms, E. Hausmann found that on sudden illumination : 



Pkj. 27. - A'ariations on the (./Wductivhy 
f)f Selenium with Iii<(‘rmit<ent Jllumi- 
nation. 


Time 

. 1 2 

3 

60 

120 

240 

300 sees. 

R . 
and on 

. 62,600 42,000 

sudden darkening : 

39,000 

36,600 

36,700 

33,000 

32,000 ohms 

Time 

. 0 6 

60 

120 

300 

600 

1500 secs. 

R . 

. 32,000 46,000 

52,600 

56,600 

60,000 

66,000 

70,000 ohms 


The results are plotted in Fig. 28. 
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M. Bellati and R. Romanese, and 0. Majoraiia 
found that with intermittent illumination, the 
resistance of selenium is independent of the 
frequency of the alternations of darkness and 
light per second ; but B. Glatzel observed that 
the resistance alters if the ratio of the periods 
of illumination, ii, and of darkness, < 3 , changes. 
With continuous illumination, the maximum 
conductivity is attained more rapidly with 
strong than with feeble illumination, and this 
the more, the softer the selenium cell. The 
recovery of the original conductivity when an 
illuminated cell is darkened occupies a longer 
time the greater the intensity of the illumina¬ 
tion, and the longer the exposure. B. Glatzel 
found that the time required for the recovery after an illumination with 1100 luces 
was 3 times that required for an illumination of 50 luces; and that the time 
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Fig. 28.“ The Effect of Illumination 
and Darkening on the Resistance 
of Selenium, 
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rt^quired for recovery with a large light energy is proportionally smaller than for 

a small light energy. According to L, S. McDowell, the form of recovery curve 

depends on the magnitude of the change of conductivity, and /^r—r- r 7 -t -i 

not on the time required for the change. T. Torda obtained // 

the recovery curves shown in Fig. 29 after illuminations J 1 

occupying respectively 2*5 secs., 10 secs., and 20 secs. Ac- 'g ^ 

cording to A. Nisco, the difference between the conductivity 

values in light and in darkness soon assumes a constant ^ ^ 

value, and the difference between the highest and lowest I 4fi 

values depends on the strength of the illumination. C. Ries | 4 j/t ~ 

made observations on this subject. When light falls on S 4- f j" - 

selenium, the conductivity of only the surface layer is raised, /l/s 

but gradually a ])art of the light is absorbed lower down and jv7 

thus the conductivity of the selenium below the exposed P"ia. 29. —Recovery of 

surface is'augmented. Hence the tliickness of the selenium the Resistance of Tl- 

exposed to light has an influence on the lag. According Selenium 

to K. Marc, A. Korn, B. Ulatzel, N, A. Hesehus, and ^^“rkoned. 

W. H. Gripenberg, the lag increases proportionally with the thickness of the exposed 
selenium. F. C. Brown found that with selenium 0*11 mm. thick, the light 
penetrates about 0*014 mm., but all the selenium is conducting and bght-sensitive. 
The effect of filing or sand-blasting is to increase the conductivity. R. Marc 
calculated that the light penetrates to a depth of 0*00008 mm., and W. 8. Gripen¬ 
berg said that light penetrates 0*05 mm. almost completely. G. W. White concluded 
that the highest resistance is at the selenium contacts, and that the greatest change 
by illumination is at the electrodes. F. 0. Brown found that with single crystals 
the action of the light spreads by some sympathetic mechanism throughout the body 
of the crystal; that the action of light is not at the contacts ; that under the 
influence of press, only the part of the crystal which is under press, is affected ; and 
that und(»r the influence of electrical forces, only the part of the crystal directly 
under the forces is affected. Hence light has to do with a nieclianism essentially 
different from electrical or mechanical stresses. 


0 5 W /S 20 25 30 35 
Tiime joavra's 

Fia. 29.—Recovery of 
the Resistance of Il¬ 
luminated Selenium 
when Darkened. 


The 'prc-Ulurninaiion of selenium reduces the lag, so that with intermittent 
illumination the lag finally assumes a constant value, Fig. 30. This subject was 
investigated by B. Glatzel, C. Ries, and P. J. Nicholson. E. Merritt showed that 
the recovery of selenium after illumination is slower for shorter exposures ; and 
is more rapid for lower illuminations. He emphasized the resemblance in the 
behaviour of selenium, as indicated by the change in conductivity, and the behaviour 
of a phosphorescent substance, as indicated by the intensity of the phosphorescence. 
E. Hausmann also showed that while the recovery is slower for excitation by the 
ultra-red than it is for red-light, and slower for red-light than for green-light, the 
relative times of recovery after exposure to different wave-lengths varies with 
individual cells. In general, the lag increases with the wave-length of the light 
being greater for red-light than for blue-light. A. H. Pfund, and L. S. McDowell 
found that the maximum sensitiveness is more rapidly attained in blue-light than in 
red-light; P. J. Nicholson that the lag in the ultra-red is very marked ; and 
B. Glatzel, that the lag in the greenish-yellow part of the spectrum is less than in 
red, but for the same effect on the conductivity, the lag is independent of the wave¬ 
length of the light. The presence of impurities affects the lag. A. Kom obtained 
the smallest lag by using pure selenium and platinum electrodes, while selenium 
contaminated with selenides showed considerable lag. B. Glatzel said that a greater 
lag is obtained with copper electrodes than with platinum electrodes —but the use 
of different preparations of selenium make the conclusion ambiguous. As indicated 
above, R. Marc noted that the presence of certain metal salts in the selenium 
hastened the attainment of equilibrium in light and so abbreviated the lag. 
B. Glatzel, limiting himself to currents with a comparatively small e.m.f.—10-20 
volts observed that the voltage of the impressed electromotive force had no effect 
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on the hysteresis of selenium, but C. Ries showed that increasing the voltage 
lessened the sensitiveness and also the lag, and that the decrease in the lag is pro¬ 
portionally greater than the decrease in the 
eso y ^ sensitiveness to light. This is illustrated by 

_ ^ ' Moon studied 

^ ^-, the photoelectromotive force. L. 8. Mc- 

^ ^ ^ IDowell found that the lag is markedly greater 

\JSO / — ! j at a low tem'i>erature than at a high temp. 

- I .. - }] Glatzel also observed that the lowering of 

I ..A;—---p—— the temp, from 0*^ to —70° resulted in an 

5 __ [ f.- —:: — increased sensitiveness and a greater lag. 

^ A Sperling found that the maximum con- 

^ I ! i [ diictivity was attained in 3*5 seconds with a 

0 / 2~ 3 4 6 6 specimen of selenium at —20°, and at 170° 

M/nuces 0*0136 second. The lag was diminished 

Fig. 30.-- rho Etfeot of the Impressed ^ temj)., and vanishes at 170°. 

Electromotive hor(*e on the 8ensi rr. ... / onno 

tiveness aucl Lag of aolonium. The sensitiveness at 200 was zero. 

In order to account for the remarkable 


^//O \^f)Lts I -f 




0/23466 

Afjnutes 

'iG. 30.—'Pho EtTect of the Impressed 
Electromotive Force on the Sensi 
tiveness and Lag of Selenium. 


effect of light on the I'lectrical conductivity of selenium, J. Moser supposed that 
the light generates heat which imjiroved the contact between the selenium and 
the electrodes ; M. Sale suggested that the additional conductivity is due to ether 
waves penetrating between the atoms of selenium so as to increase the conductivity 
of the whole substauce—but this does not explain the effects of hysteresis. 
8 . Bidwell attributed the action to the formation of selenides by the material of 
the electrodes, but this does not explain the effect with carbon electrodes which 
form no selenides and give equally good results. 0. Weigel’s assumption that the 
decreased resistance of selenium in light is an effect of the adsorbed w^ater, as 
indicated above, w'as disproved bv (' Ries. The work of (\ Berndt, A. H. l^fund, 
W. von Uljanin, B. Marc, C. Ries, M. Sperling, L. Amaduzzi and M. Padoa, 

A. Bochettino, G. V. Barnard, R. J. Piersol, etc., makes it higlily profiable that the 
sensilivevejis of selenium to light is a t> pen fie property of the selenium if self. 

The aflotropic hypothesis rests on the assumption }>roposed by E. W. von Siemens, 
that there are two forms of metallic selenium, one of which is a good conductor, 
and the other an inferior one. Ordinarily these are in a state of equilibrium, but 
illumination displaces the e<piiJibrium in favour of the variety with the high con¬ 
ductivity, while in the dark this state is reversed and the normal resistance is 
eventually restored— ride supra, the allotropic forma of selenium. This hypothesis 
was favoured by G. Berndt, A. H. Pfund, R. Marc, M. Sperling, A. Pochettino, 

B. Glatzel, H. R. Kruyt, E. Berger, H. Pelahon, and W. Biltz. F. C. Brown 
assumed that three modifications of selenium are involved. The A-form is sup¬ 
posed to be a non-conductor, the R-form a metallic conductor, and the C-form has 
a conductivity negligibly sipall in comparison with that of the R-form. Illumina¬ 
tion transforms some A into R, and R into C. F. C. Brown later abandoned this 


hypothesis in favour of the electronic hypothesis. I. A. Kasarnowsky said that the 
potential of selenium becomes more positive on illumination, so that the difference 
between illuminated and non-illuminated selenium cannot be ascribed to the 


formation of a new allotropic modification, and the cause of the photosensibility is 
not a reversible photochemical reaction. 

D. Reichinstein ascribed the light effect to polarization. He said that directly 
a current of voltage Eq passes through the selenium cell a back e.m.f. or polarization 
current of E volts is evoked so that the observed effect is Eq—E volts. E is very 
large, but in light it is diminished, apparently reducing the resistance of the cell. 
This hypothesis was criticized by H. Greinacher. H. Greinacher observed a certain 
analogy between the decrease in the resistance of selenium produced by an alter¬ 
nating current and by light. He attributed the differences to the different fre¬ 
quencies, that of light being 5x and that of the currents used by him being 
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3 x 10'^. He therefore asHumed that the li^ht Kensitiveneys of selenium is a special 
case of a j^eneral pro])erty when the ele(‘tri(*al resistance is sensitive to eledronuf(poetic 
osciUatwt^s of certain frequencies. In the case of 8eleniu?n, an increased con¬ 
ductivity is due to the separation of electrons by electromagnetic oscillations ; this 
increase renders more electrons available for carrying the current. The analogy 
betw^een the ettects ])roduced by light and by the alt/ernating current was criticized 
by C. Kies, A decrease in the resistance of selenium under the inflinuice of electric 
oscillations was also observed by V. Agostini, and G. Berndt. 

In the co-called Becquerel effect, discovered by A. i\ Becquerel in 1S39, if one 
of the two electrod(*s dipping in an electrolyte be illuminated, the electrode potential 
is altered, atui an electric current is produced. The photoelectri(‘ curnmt flows in 
the direction of th(‘ light rays, and in a selenium cell it is assumed that negative 
electrons jiass from the illuminated layer of selenium to the electrode l)y a 
plienomenon analogous to the Becquerel effect. The photoelectric current was 
found by (\ Kies to be yiroduced by the same rays of light as those which augment 
the co.iduclivitv. 1). Kordes sujqiosed selenium to be a mixture of good con¬ 
ductivity matrix and bad conductivity crystals, and that light jirodueed a potential 
between them so that the selenium is in the same state as the glass of a Leyden jar. 
This })ro(lu(‘es an e.m.f. which is the cause of the augmented conductivity of an 
illuminated selenium cell. The phenomenon was studied by B. L, Hanson, who 
found (i) for the sam(‘ illumination, the e.m.f. is independent of the current through 
the cell; (ii) over wide ranges, the e.m.f. is directly proportional to the intensity 
of illumination : (lii) for the same intensity of illumination, the e.m.f. is a 
maximum in the region A 490. 

F. Himstedt assumed that the light rays jirovoke the fluorescence or |)hosphor- 
escence of selenium and that the element under the action of its owm rays, so to 
s 2 )eak, changes its resistance. The j)hosphorescence could not be proved experi¬ 
mentally, but N. A, Hesehus, and K. Merritt observed a similarity betw'een the eflect 
of light on the conductivity of selenium, and on the intensity of the phos[)hor- 
(‘scence of zinc sulphide. N. A. Davis and J. J. T. Ohabot observed that selenium 
which has been illuminated can emit rays cafiable of affecting a phoU)gra})hic 
plate. 

N. A. Hesehus supposed that the light yuoduced a j)artial dissociation of 
selenium molecules, and that the conductivity is favoured by the resulting ioniza- 
ti(ytK P. von Schrott also said that selenium in darkness has no free ions, and that 
it is ionized by light so that the free ions favour the conductivity ; in darkness the 
ions recombine to form molecules. L. Amaduzzi supywsed that the increase of 
conductivity in light was yjroduced by a discharge from particle to particle, as in 
Hallivaciis effect (q.v.) ; but this y)henomenon is most favoured by ultra-violet 
light, whereas the conductivity is most sensitive to the visible red. A. H. Pfund 
considered that light absorbed by selenium sets up resonance within the atom, and 
this, in time, gives rise to an expulsion of electrons— this increasing the number of 
electrons available for carryjng the current, and hence increasing the conductivity. 

In the modern theory of dectrom, metallic conduction consists in the transfer 
of electrons through the metal, w hile in liquid conduction, ions or grouj)s of ions are 
transferred under the guidance of positively charged electrons or protons, in the 
direction imj)osed by the electric field of force. In semi-conductors, both processes 
occur, but since in selenium there is little evidence of the actual transfer of selenium 
by the current, the conductivity of that element in light is attributed, a.s in metallic 
conduction, to free electrons. In good conductors there are supposed to be nearly 
as many free electrons as there are atoms, while in poor conductors like selenium 
there are far more atoms than electrons. E. E. Fournier d’Albe said that we are 
not likely to be far wrong in estimating that normally a selenium tablet an inch 
square will contain about a million free electrons among its billion selenium atoms, 
but when intensely illuminated, it may contain ten or hundred times as many 
electrons as in the dark. How light expels the electron is not known. If the 
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electronj?! of the atom are revolving in their orbits about the nucleus, under the 
gravitational attraction of its positive charge, an alteration of the electrical 
field may distort a circular or elliptical orbit into a parabola or hyperbola, and so 
result in the ejection of an electron. The theory was discussed by A. M. MacMahon. 

The work required to ionize an atom, i,e. to make an electron leave an atom, 
with which it is bound, is about erg; and this work is supplied by the energy 
of light; and E. E. Fournier d’Albe estimated that there is sufficient energy in the 
light of a candle, 3 ft. away, to completely ionize 400 billion atoms per second, and 
all the atoms in the tablet of selenium an inch square and the selenium would acquire 
the conductivity of copper. As indicated above, Fig. 28, the conductivity of 
selenium rises rapidly for a second or two when light falls on the element; the 
conductivity then increases more and more slowly until finally it reaches a constant 
value. There is therefore an influence op]:>osing the separation of electrons from 
the atoms. The roving electrons, however, meet atoms which have lost their 
electrons and the electrons return to the atoms. The greater the proportion of 
electrons, the greater the proportion of positively charged atoms, and the more 
likely is combination to occur. E. E. Fournier d’Albe showed that the decrease 
in the number of ions, produced by the action of light on selenium, is proportional 
to the number of ions already present;—double the number of ions of one kind; 
and the chances of recombination in a given time would be double; and double 
the number of both kinds, and the chances of recombination would be doubled 
again, quadrupled. When the light is cut off from selenium the conductivity 
falls off rapidly, though not so rayudly as it rose, Fig. 31, and eventually returns 
to its normal value. This means, in the language of the electron theory, that the 
electrons at first very numerous have many chances of uniting with the unmated 
atoms, but as time goes on, the electrons occupy a longer and longer time to find 
their destined companions. When light waves fall on selenium, they penetrate 
only a small distance, and the number of electrons liberated will be proportional 
to the intensity of the light, but the rate of recombination of the electrons is the 
same whether the selemum is illuminated or not, for it is determined by the ])ro- 
portion of ions present, being proportional to the square of the number of ions 
present. It therefore increases rapidly as ionization proceeds. In a short time, 
when the selemum has attained its maximum conductivity, the number of ions 
formed by light is equal to the number which recombine in the same time. The 
energy of the light ^^1 then be proportional to the square of the number of ions 
formed ; that is, the current produced by light will be proportional to the square 
root of the illumination. E. E. Fournier d’Albe found this rule applicable for 
fight 80 faint as to be equivalent to the light from a single star ; and he added that 
if any one were to strike a match on the moon, it would be possible, by means of 
selenium, to discover the fact on earth, without the aid of a telescope, and in one 
second of time. According to the quantum theory, no ionization can occur if the 
available energy is less than one quantum, 5*2 x 10“^^ erg, but the eye is so sensitive 
that E. E, Fournier d’Albe estimated that it ran detect amounts of light as small 
as 4(X) quanta falling on the retina j)er second. 

u d’.^bo roproHeniecl tlio rocovory curve for selenium after illumination 

^ ^ 1 ' where a is a constant; the number of electrons set free by light ; 

and iV| the number of electrons at the tini(5 f; and the action of li|i;;'ht, dNfdi— — aiV®, 
where C is proportional to the intensity of the incident light. When integrated for 

iV, there follows iV~(67u)^ tanh an equation which represents the action on 

selenium m the given circumstances. 

The electron theory has been also discussed by C. Ries, F. C. Brown, W. Spath, 
F. Kampf, and others. ^ Some of these theories— e.g. the theory of electrons—do 
not exclude the allotropic hypothesis. They may supplement one another. W. del 
Regno, however, said that the effect is purely electronic, and is not due to any 
chemical transformation of one allotropic form into another ; and I. A. Kasarnowsky 
showed that the potential of selenium always becomes more positive on illiimina'* 
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tion, and it is hence inferred that the photosensibility is not a reversible photo¬ 
chemical reaction between two allotropic forms of selenium. 

C. Ries found that some selenium preparations are strongly hygroscopic, and 
when damp, show a strong polarization current when used with a continuous current. 
When a specimen is dried it shows scarcely a trace of poI{irizatir>n, but on exposure 
to the atmosphere, it again shows polarization. Cells made by crystallization 
from iieated selenium do not sliow polarization elTects, and they possess a higher 
sp. resistance than when moist seleiuum is used. A moist selenium cell, when 
illuminated, thus behaves like an electrolytic cell. A. O. Kankine and J. W. Avery 
found that the polarization or secoiulary e.m.f. disjdayed by selenium cells, and the 
abnormal effect of illumination on the corresponding secondary currents, are 
probably due to an invisible water-film in parallel with the selenium because the 
polarization disajipears almost completely with prolonged drying. S. Kasarnowsky 
gave •—0*77 volt for the normal potential of metal. W. (1. Adams and 

ii. E. Day ol>served a cuiTent, resembling in sonie resy>ects the polarization current, 
with selenium between two jdatinum electrodes, and A. Pochettino named it a 
secondary current. It is mjt due to moisture. Unlike the polarization current, 
the effect is more marked the greater the resistance of the cell; and unlike the 
|)olarization current, it is most marked in cells whose conductivity increases in light. 
The e.m.f. of the secondary current is pro])ortional to the e.m.f. of the primary 
current, and to the sq. root o^the time. It is strongest with iron or zinc electrodes, 
and it is not a thermoelectric phenomenon. Some selenium preparations show 
unipolar conduction, and they can be employed as rectifiers of alternating currents. 
A. 11. Pfund, V. Kies, and R. Furstenau observed no sign of polarization or 
scx'ondary current, or of unipolar conduction with thoroughly dried selenium cells. 
(). Weigel said that uniyiolar conduction is not a specific property of selenium, but 
IS I'onditional by the ])rescnce of moisture in the pores of selenium en vuisse. The 
rect'fying action of selenium cells was studied by H. Greinacber and (\ W. Miller, 
A. lh)cliettino, and (\ Ries. II. Greinacber ein[)hasized the analogy between the 
effect of the amperage of the alternating current on the change in resistance, and 
the intensity of the illumination ogi the resistance. R. Fi.^stenau showed that the 
selenium cells used by H. G-reinacher were anomalous, and G. Ries showed that the 
analogy is not cha raid eristic of schmium. K. de L. Kronig found that the increase 
in conductivity, 5A', with current, O, and voltage, F, due to electronic bombard¬ 
ment, is in acconl with 8K/K (I b98’5A’r)^ 1-1 derived from the electronic 
theory. 

C. Agostini, (T lierndt, and L, S. McDowell found that electrical oscillations 
lessen the resistance and increase the sensibility of the selenium cell ; but 
E, F. Perreau, and A. Massiui obtained only negative results. ]j. Amaduzzi 
observed a change in the resistance of selenium when it is exposed in a strong 
magnetic field, and assumed that selenium shows a negative HalFs effect. 
A. D. Udden found that the ionizing potential of selenium vapour is 12-7 volts; 
and if this value be substituted for V in the equation t;™ !>//>, the limiting fre¬ 
quency of tlie spectrum of selenium vapours is about 980 A. E. F. Perreau, and 
J. W. Giltay found tliat the resistance of selenium is lowered by ex]>osure to X-rays 
much in th(‘ saine^way as it is by illumination ; and G. Athariasiadis represented 
the relation between the conductivity. A', and Die intensity, /, of the X-rays by 
! /(A a)!), where a and h are constants. Observations were also made by 
R. Fiirstiman, F. Himstedi, R. iVlaver, and M. Meyer. Ji. Kiistner studied the 
sensitiveness of the selenium cell to X-rays of different wavi'-lengths. L. Bloch 
found that wliile tlie resistance of sehmium w'as 30,100 ohms in darknes.s, and 
900 ohms ill different daylight, it reached 8(K) ohms when protected by black paper 
and exposed to radium ruys. The resistance recovered ver}^ slowly when removed 
from the influence of these rays. F. (’. Brown and J Btebbins found that under 
the influence of fS-rays, the resi.stance of selenium decreased 30 per eent., and that 
the recovery from the exposiu'e occupies 5 times longer than for a light exposure 
vof.. X. 3 n 
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of short duration. A. M. McMahon also studied the action of X-rays, and gamma 
rays on the electrical conductivity of single crystals. K. de Kronig studied 
the effect of electronic bombardment on the conductivity of selenium. W. del 
Regno found a marked variation in the resistance of a cell expos<*d to mesothorium 
radiation near-by ; but when the distance is increased, the sensitiveness diminishes 
so that the sensitiveness of the cell varies with the distance between the cell and the 
mesothorium, and with the duration of the excitation. If the excitation is not too 
intense, a relatively short time sulhces for tlr‘ cell to recover conditions of sensitive¬ 
ness almost identical with those preceding the excitation With alternate equal 
periods of excitation and rest, the cell exhibits, after the first few cycles, an almost 
constant variation in the resistance,'so that a single excitation is insulScient to 
indicate the time taken by the selenium to recover its original sensitiveness after 
excitation, 

E. Obach, F. Himstedt, and F. Bouola and G. Cavino found that tlie resistance 
of selenium was lowered by exposure to phosphorescent light from barium carbonate, 
etc. E. van Aube! exposed a })icec of selenium, of resistance 496,000 ohms, at a 
distance of about 3 cms. from the surface of hydrogen dioxide for three or four 
minutes, and the resistance decreased to 324,000 ohms. When similarly exposed 
for fifteen minutes to turpentine, tiie resistance diminished from 461,000 ohms to 
38G,0(J0 ohms. As light, radium rays, and X-rays produce a similar diminution 
of the resistance of selenium, the experiments seem to show that hydrogen dioxide 
and turpentine emit rays. The resistance of selenium was also diminished by 
('xposure to ozone, and by caoutehoue or camphor which had been exposed to ozone. 
A. H. Grifliths found that whiui a piece of selenium was exposed at a distance of 
5 cms. from an alcoholic soln. of the pigment from geranium petals for about 15 
minutes, its electrical resistance fell from 462,000 ohms to 320,000 ohms. KSirniiar 
results were obtained wRh other vegetable and animal j)igments. 0. Dony- 
Henault also studied the effect of hydrogen dioxide on the resistance of selenium ; 
and C. Ries show^ed that man}' of the results attributed to different agents are 
really effects of moisture. J J. T. (3uibot said that a selenium cell sent out 
radiations capable of elTecting a photographic plate, but G. Berndt could not 
confirm this. 


There are two types of galvanic selenium cells— electrolytic, and solid. R. Sabine 
first made the electrolytic cell by coating a metal plate with selenium on one side, 
^ ^ , varnishing it on the other side, and placing 

-—^—-opposite another plate in an electrolyte. 

^ PV G. M. Minchin improved this kind of cell by 

^ \ coating the flat end of an aluminium wire with 

^ selenium, enclosed it in a glass tube open at 

ends, and immersed it in a soln. of 
^ , I cenanthol opposite a platinum wire. When 

^ 1 electrode is illuminated, a photoelectric 

^ current is developed in the direction of the 

-- ——- path of the light rays, and flows in the elec- 

trolyte from the darkened to the illuminated 
lllununating electrode. Hence, the illuminated electrode 
8eleniuin^c\4l!^ ^ oct roly tic becomes more electronegative. In the ordi¬ 

nary selenium cell, the effect is due to a 
change in the conductivity of the selenium, here a definite electromotive force is 
developed. With a steady illumination, the effect is not usually constant, but 
decreases at first rapidly, and then slowly, so that finally the e.ra.f, attains the 
value it had in darkness. The polarization and other properties of these cells were 
studied by C. Ries, M. Eeinganura, B. Glatzel, and H, Pelabon. V. P. Barton 
observed the maximum at about 5700 A. The effect is positive, and proportional 
to the intensity to the power of two-thirds, 

Solid galvanic cells are olitained by melting a thin layer of selenium between 
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two glass plates each covered with a thin film of platinum—platinum mirror—in 
contact with the selenium. I'lie selenium may he crystallized or vitreous. 
W. G. Adams and R. R. Day first prepared tiiest* <‘ells, and observed that when the 
selenium is illuminated an c.m.f. is developed. These cells were studied by 
S. Kalischer, C. E. Eritts, W. von Uljanin, i\ Ries, A. Righi, J. W. (’lark, and 
A. Pochettino. VV. von Uljanin obtained from such a cell m sunlight a current of 
0-12 volt and i-Gx 10 “^ amp. 

M. le Blanc found that when used in the form of a tliin film on a platinum 
wire as cathode in a soln. of potassium hydroxide, selenium passes into soln. as 
polyselenide, where n may be 4*4. In O-IA-KOH, selenium, according to 

E. Muller and R. Nowakowsky, passes into soln. with a valency of 0*67-0*75 ; and 

the potential at which soln. begins is 0*804 volt against the 0*liV“Calomel electrode. 
According to E. Muller, no cathode deposition potential could be observed for 
selenium from selenious acid, although selenium was seen to be deposited at about 
0*05 volt, but the first selenium de]30sited appears to act as an insulating diapiiragm 
and prevents furtlier de[)osition ; when the voltage is raised so that hydrogen is 
liberated, the selenium heaves the electrode in flakes. On adding copjier sulphate 
to the sulphuric acid soln, of selenious acid, the selenium and copper are deposited 
together in a conducting form at volt, so that all the selenium may be 

deposited at this potential. Selenium cannot be electrolytically deposited from 
selenic acid on platinum either at 20 ° or 80°. A. Jilek and J. Lukas studied the 
electrodeposition of selenium; and A. Rosenheim and M. Pritze, some complex 
selenium anions. R. Berger said that the electrode potential of selenium in a 
0*3 per cent. soln. of sodium selenide is —0*05 volt, and is independent of tlie 
})revious history of the selenium. A. Glinther-Bchulze studied the cathodic* 
spluttering of selenium. F. Heinrich found the electromotive force of the cell 
So I il/-H 2 S 03 and a normal electrode at 18° was +0*461 after one minute and 
4 0*442 after 20 hrs.; and after the addition of a little potassium iodide and 
sulphuric acid, 0*389 volt after one minute and 0*424 volt after 46 hrs. The e.m.f. 
of the cell Be | il/-H 2 Se 03 , Af-H 2 S 04 with a normal electrode is —0*451 volt 
after one minute and —0*471 after an hour; Se j J/-H 2 Se 03 , J/-KOH, — 0*020 volt 
after 2 minutes, and — 0*012 volt after 18 hrs.; Se 1 4 /-Na 28 e 03 , . 4 f-H 2 B 04 , 
— 0*322 volt after one minute, and —0*426 volt after 3| hrs.; and with 
0 - 1 M-H 2 B 04 , —0*322 volt after a minute, and —0*258 volt after 2J hrs. the cell 
Se I M-H 2 Se 04 and a normal electrode, had an e.m.f. of —0*510 volt after one minute, 
ancl —0*4756 after 18J hrs,; Se | Af-H 2 Se 04 , M-H 2 SO 4 and a normal electrode, 
—0*583 volt after 2 minutes, and -0*513 volt after 48 hrs. ; Se j 3 /-H 2 Se 04 , 
M-NaOH, and a normal electrode, —3*363 volt after 2 minutes, and —0*471 
after 28 hrs.; Se | M-Na 2 Se 04 , M-H 2 SO 4 and a normal electrode —0*297 volt after 
one minute and —0*372 volt after one hour; and with 0 ' 1 M-H 2804 , —0*346 volt 
after one minute, and —0*384 after 24 hrs. The potential at which selenium 
separates from selenious acid— reduction potential —is about + 0*2 volt at 18°, 
with selenic acid, 0*15-0*18 volt; and for the reduction of SeO '4 to SeO '3 
—0*412 volt. H. F. Schott and co-workers found the reduction potential of black 
selenium to be —0*740 volt. J. A. Kasarnowsky found that in the electrolysis of a 
0*0012iV*soln. of potassium polyselenide, the selenium electrode had a potential 
of 0*404 volt at 0*4 hr., and this rose to a maximum of 0*429 volt after 17 lire., 
and then fell to 0*398 volt after 42*3 hrs. M. le Blanc gave S, Se, Te, As, and Sb 
for the order in which electrodes of the elements are affected. E. H. Kennard 
and E. Moon studied the effect of illumination on the contact potential of selenium. 

F. W. Bergstrom gave for the electronegative series in liquid ammonia: Pb, Bi, 
Sn, Sb, As, P, Te, Se, S, and I. S. R. Carter and co-workers found that the system 
Se 02 ~Be in cone, sulphuric acid gives a reproducible oxidation potential which is 
not affected by light. Ten-fold changes in cone, produce a change of 0*022-4)*028 
volt. It is assumed that selenium tetrachloride is formed as an intermediate step, 
and yields Se*"*-ions. 
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A. L. Hughes found that selenium exhibits the photoelectric effect giving oft 
photoelectrons when illuminated by the light from a mercury lamj). The 
phenomenon was studied by G. C. Schmidt, F. C. Brown, G. Zoltan, R. L. Hanson, 
ai>d C. Ries. A. L. Hughes said that selenium becomes a conductor when 
illuminated by visible light and yet the ]>hotoelectric eftect sets in only when the 
wave-length is less than A—2200 B.; V. P. Barton gave 2260 A. This is in agree¬ 
ment with the fact that the escape of jihotoelectrons from the surface of many 
non-metallic substances requires light of shorter wave-length than is necessary to 
produce the increased conductivity : meaning that the long wave-length limit 
for the conductivity cfi'ect is farther to\\ards the red than the photoelectric eftect. 
C. Carpini found tlie yihotoelectric eftect to be 0*247-0-32 at 8°, and 0*07 at 96°, 
making the temp, coeft. 0*(X)25. At the temp, of liquid air, the i)hotoelectric effect 
is very slight, but it can be detected. W. del Regno could detect no difference 
in the photoelectric emission m the dark and under the influence of light, and 
inferred that free electrons played no part in the phenomenon. R. Bar made 
estirnutes of the elementary quantum from measurements on the sub-microscopic 
j)articles of selenium, hi. Hamer found that the })hotoelectric eftect occurs witli 
light of wave-length over 2050 A. B. Gudden and R. Pohl, R. M. Holmes end 
N. L. Walbridge, and K. Scharf studied this subject. W. E. Tisdale examined 
the effect of gases on the photoelectric properti(‘s. W. Gerlach observed that 
with thin j>lates of selenium, the negative radiometer eftect becomes [lositivi* if the 
rod and ultra-violet rays, for which the substance* is transparent, are cut oft. 
(V E. 8. Phillips found that the electrical r<*sistan('e of selenium is rajiully (lecr(‘ased 
by (‘xposure to cathode rays ; and the eftect is not due* to the j)roduction of X-rays. 

A. Matthiessen observed that selenium had tlie extraordinarily liigli value of 
805 microvolts for its thermoelectric force against]>Iatinum at 20°; and W. G. Adams 
and R. E. Day said that the position of selenium in the thermoelectric series depends 
on its annealing time and temp. In any ease, 8. Hid well showed that if moisture 
be (excluded, the current always flows from the platinum to the selenium ; and 
R. Blondlot showed that the current flows in the selenium circuit, from the hot to 
the cold junction. F. Weidert gave 1129 microvolts for the thermoelectric force of 
metallic selenium against ])latinura. R. M. Holmes and A. B. Rooney gave 
E 1'Id-f O*CXX)170- for the thermal e.m.f. in millivolts between 0° and 180^, of 
selenium and copper, A. Righi observed that the thermoelectric force of selenium 
between lead electrodes is 0*506 microvolt, and the thermoelectric force increases 
linearly with temp, up to the m.p. F, Weidert gave 1130 microvolts for the 
thermoelectric force of lead and metallic selenium ; while H. Pelabon observed 
that selenium forms,good thermocouples with antimony alloys and with tin alloys. 
F. Weidert observed that the thermoelectric force decreases 3-4 per cent, when 
it is illuminated. R. M. Holmes observed that illumination causes a decrease of 
about 5 per cent, in the thermoelectric power of selenium, corresponding with a 
five-fold increase in conductivity. The effect is explained by assuming that a 
decrease in the potential energies of electrons in the interatomic space causes an 
increase in the mean free path of conducting electrons. A large thermal e.m.f. is 
developed in a circuit formed entirely of selenium homogeneous in every respect 
except that a region of temp, gradient of one sign is illuminated, whilst that of 
the other sign is in darkness ; the illuminated selenium is positive at the cold 
junction ; D. Todosco studied the eftect of light on the thermoelectric current. 
E. H Hall studied the Tlioinson eftect; and W. Ogawa, the rectifying action on 
i he elec tric c urrent. 

According to P. A. BonsdorflV^-^ T. 8e<*beck, and P. Riess, selenium becomes 
electrically negative when rubbed in dry air. E. T. Wherry said that crystals of 
selenium are poor radio-detectors; and I. Stransky discussed* the rectifying 
action of the selenides; and E. Merritt studied the effect of light on selenium 
rectifiers. O. U. Vonwiiler gave 6* 13 for the dielectric constant of vitreous selenium 
with A * 00 ; and W. Schmidt, 6*60 for A 75. W. Spiith found the change* in the 
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dielectric capacity of selenium with illumination runs parallel with the change in 
conductivity. S. Kyropoulos gave 7-39 at 21*7°. G. L. Addenbrook studied the 
relation between the dielectric constant and the other ])hysical properties of 
selenium. K. Honda found the magnetic susceptibility of selenium to bo 
—()*32 X 10“® mass units at 18°, and P. Curie —0*31 X10”® at 20° 415°; K. Honda, 
and T. Sone gave —0*304x10 and M. Owen, —0*32Xl0~® for fused selenium. 
J. Konigsberger gave - 0*50x10”® vol. units for red selenium, and —l*3xl(r® for 
vitreous selenium. 8, Meyer gave —0*001x10“® for the atomic magnetism. 
P. Pascal gave - 235xl0"7 for the atomic susceptibility ; and S. 8. Bhatnagar 
and C. L. Dhawan, 25*4x10“®. F. Ehrenhaft and E. Wasser studied the magnetic 
susceptibility of selenium ; and A. Dauvillier, the dimagnetism and atomic structure 
of selenium. C. W. Heaj»s found that the magnetic susceptibility is not affected 
by insolation. 
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§ 6. The Chemical Properties of Selenium 

iSeleniuin behaves very like sii]]>har in many of its reactions, but the com¬ 
pounds formed with selenium are less stable than those formed with sulphur. 8oln. 
of the alkali seleiiides, for instance, are decomposed by air with the separation of 
selenium ; selenic acid is decom^iosed by hydrochloric acid with the separation of 
selenium--sulphuric acid under similar conditions is stable. Selenium dioxide 
acts as an oxidizing agent on ferrous, chromous, and stannous salts—sulphur 
dioxide, on the other hand, reduces ferric to ferrous salts, etc. A. von Bartel 
attributed the marked diflerence between the stability of several sulphur com¬ 
pounds and that of the corresponding selenium derivatives to the preference which 
selenium exhibits for existing as a quadrivalent element, whereas sulphur exists 
rather as a bi- or sexa-valent element, selenium should therefore not be classed 
with sulphur, but rather with tellurium which it more closely resembles. 

W. Ramsay and J. N. (^ollieA and W. T. Cooke observed no evidence of com¬ 
bination between heated selenium and heliam ; and W. T. Cooke, none with argon. 
Selenium unites directly with hydrogen under the influence of heat, forming hydrogen 
selenide. A. Ditte said that above and below the range 250°-520"', the selenide is 
disassociated —%nde infra, hydrogen selenide. According to J. Papish, when 
selenium dioxide is introduced into the hydrogen-air flame, it produces a deep blue 
lumines(*ence in the inner zone, pale blue in the middle zone, and green in the 
outer zone. There is a deposition of selenium in the inner and middle zones, but 
no deposition in the outer zone. Hydrogen selenide produces a very faint blue 
luminescence in tlie inner zone, deep blue in the middle zone, and green in the outer 
zone. There is a deposition of selenium in the inner zone, but no deposition else¬ 
where. Selenium produces a luminescence coloured blue, violet, and green in the 
inner, middle, and outer zones respectively; in this case and in all following 
cases, the element is deposited in the inner and middle zones, but there is no 
deposition in the outer zone. H. B. Weiser and A. Garrison observed the flame 
reaction of selenium ; selenic salt produces a blue luminescence, which is the 
most characteristic in flames containing selenium. It is probable that this 
luminescence is duo chiefly to the reaction from selenic ion to non-ionized selenic 
salt, A red luminescence may occur in flames containing selenium, and it is usually 
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less intense than the blue luniinescenee. The reel coloration is due in part to the 
colour of tlie vapour, in ])art to a purely thermal luminescence, and in part to some 
stage of the chemical reaction from the vapour of the element to the quadrivalent 
ion. A green tip in the flames in air charged with a selenium compound is not a 
luminescence, but is due to the green colour of the vapour of the dioxide, which 
fjppears greener by reflecting the blue luminescence just below. Selenium was 
found by J. J. Berzeliii.s, and by F. Krafft and 0. Steiner to have a smaller affinity 
than sulphur for oxygen. J. J. Berzelius said that when gently heated in air* it 
sublimes without change, and when more strongly heated— e.g. by contact with 
flame—it burns with a reddish-blue flame ; and it burns in oxygen with a flame 
which is white beloAV, and bluish-green above, and it is converted, at least partially, 
into selenium dioxide and trioxide. It remains unaltered by oxygen in the cold. 

A. Mailfert observed that ozone, in the presence of moisture, converts selenium into 

selenic, not selenious, acid. C. F. Cross and A. Iliggen found selenium exerts an 
inaf)preciable action on water at lflO\ H. 0. Schultz's soluble form is colloidal 
selenium {q.v.). ,1. Jannek found that selenium is completely insoluble in water. 

i\ Kies has distnissed the action of moisture in reducing the conductivity of 
illuminated selenium— stipra. L. J. Thenard, and H. Fonzes-Diacon found 
that hydrogen dioxide dissolves finely divided selenium, forming selenic acid. The 
action of hydrogen dioxide in modifying the conductivity of selenium, previously 
indicated, was discussed by E. van Aubel, and 0. Dony-Henault. 

TI. Moissan observed that selenium unites directly with fluorine in the cold 
giv ing oiT white fumes, and finally the selenium takes fire,forming a white, crystalline 
fluoride (y r.). ,1. J. Berzelius found that when chlorine is passed over selenium, 

the solid melts with the evolution of heat, forming a brown liquid, selenium mono- 
chloride, ^^hich then forms a white solid, selenium tetrachloride (q^v.). O. and 
C. A. Silherrad found that in addition to acting catalytically as a chlorine carrier 
in the chlorination of toluene by sulphuryl chloride, selenium also acts similarly 
in the direct chlorination of toluene by chlorine both in the jiresence and alisence of 
light. Just as with sul[)huryl chloride, it accelerates substitution in the nucleus 
and decreases it in the side-chain. According to G. S. Serullas, selenium and 
bromine are miscible in various proportions ; bromine rapidly combines wdth 
powTlered selenium, and the reaction is attended by a hissing noise, and the evolution 
of heat. The mixture solidifies to a brownish-red mass of the monobromide 
{q.v.). J. B. Trommsdorfl said that wdien selenium is heated with an eq. ]>ro- 
})ortion of iodine, the mixture forms a dark grey mass from which alcohol extracts 
all the iodine. P. Ouyot said that a soln. of selenium in carbon disulphide reacts 
with iodine, forming selenium moniodide. W. Eugelhardt observed that colloidal 
selenium reacts slowly with a soln. of iodine and potassium iodide. According to 
J. J. Berzelius, and A. C. Schultz-Sellack, selenium is not attacked by hydrochloric 
acid. According to S. K. Carter and co-workers, red amorphous selenium does 
not dissolve appreciably in cone, hydrochloric acid during 3 days’ contact at 20 *^, 
even though the liquid be in contact with air. If selenium dioxide be present, 
the selenium dissolves. Tlio solubility of selenium in 0 *lJf-Se 02 and 11-6A^-HC1 
is 1-35 grms. per litre (within 5 per cent.). The solubility of selenium falls off 
rapidly with diminishing cone, of acid, and, on dilution of sat. soln. with water, 
the red amorphous selenium is precipitated. P. Hautofeuille said that hydriodic 
acid acts on s(‘]enium as it does on sulphur; when the two arc heated in a sealed 
tube, hydrogen sehmide and iodine are formed, and on cooling the reaction is reversed 
—selenium and hydrogen iodide are reproduced. L. Kolia studied the reaction : 
2HI+Se^^H2Se+l2. 

Selenium unites with sulphur, forming sulphides ( 7 .^’.). J. J. Berzelius, and 

B. Kathke said that the two elements may be fused together in all proportions. 
H. Moissan and P. Lebeau found that when heated, selenium decomposes sulphur 
hexafluoride ; and, according to F. Kraflt and 0. Steiner, sulphur monochloride. 
The latter reaction, said M. Berthelot, is in agreement with the thermal data: 
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2Sea,^orphous + Cl2-Se2Cl2+22-15 Cals.; and 2 Seri.o.abic fCU-Se^Cl, f 17-66 Cals. 
V. I^enher and H. B. North observed that thionyl chloride has but little action on 
selenium at ordinary temp., but when heated, the reaction is symbolized : 
2 SOri 2 +Se-—SeCl 4 +S 02 +S ; the element is rapidly attacked by sulphoryl 
chloride with the evolution of heat and the formation of sulphur dioxide and 
selenium tetrachloride : 2 S 02 Cl 2 +Se-^SeCl 4 + 2 S 02 . W. Prandtl and P. Borinsky 
found that with an excess of pyrosolphuryl chloride at 120°-140°, a mixed oxytetra- 
chloride is formed. L, A. Tschupjaeff and W. G. Chlopin found that selenium forms 
sodium selenide when treated with sodium hyposulphite, sulphur under similar 
conditions is only slip^htly attacked. C. Sandonnini found that when selenium 
^acts on potassium or ammonium hydrosulphite, the total reaction may be expressed 
by the equation: 4 MHS 03 -> 2 M 2 S 04 ~f S 02 +^+ 2 H 20 . This probably takes 
place in the three stages, ( 1 ) M 2803 +Be~>M 2 S 8 e 03 , ( 2 ) MoSBeO.^ 4 -M 2 BO 3 
+ 2 H 2 S 03 ->M 2 B 04 +M 2 S 306 4 - 86 + 21120 , and (3) M 28306 ->M 2804+802 4-8. Thus, 
the true catalytic action of the selenium would cease when only one-half of the 
total sulphuric acid is formed. It is found that, when reprecipitation of the 
selenium occurs, the quaiitity of sul])huric acid does not correspond with one-half 
the final amount, and that the final amount is in excess of that indicated by those 
equations. These divergences may be attributable to the facts that the end of th(^ 
initial phAse cannot be gauged exactly, that the reactions become superposed, and 
that the excess of sulphur dioxide undergoes partial oxidation. The quantity of 
sulphur which separates and that of sulphur dioxide not participating in the reaction 
do not, indeed, correspond exactly with those calculable from the above reactions. 
It is possible also that secondary reactions lead to the formation first of seleno- 
thionate and thiosulphate, and afterwards of other polythionates, and that the 
formation and subsequent decomposition of these comjiounds give rise to the 
divergencies mentioned above. B. Rathke and H. Zscbiesch(‘ found that selenium 
is insoluble in a soln. of barium sulphite, but 100 })arts of potassium sulphite in 
aq. soln. dissolve 28*95 parts of selenium ; and 1(X) f)arts of magnesium sulphite in 
aq. soln. 32-35 parts. H. Uelsmann found that red selenium dissolves in a soln. of 
ammonium sulphite. ¥. Krafft and 0. Steiner, however, found that when selenium 
dioxide is heated in a sealed tube with sulphur at 110 °, sulphur dioxide is formed, 
R. Weber found that selenium dissolves in liquid sulphur trioxide, forming 80803 ; 
and G. Magnus said that all the forms of selenium yield green soln. with sulphuric 
acid—^wfc ivfra, A. C. Scliultz-Sellack also observed the solubility of selenium in 
forming sulphuric acid. Selenium dissolved in sulphuric acid is precipitated by the 
addition of water, and N, W. Fischer said that when the soln. is boiled, sulphur 
dioxide is evolved, and selenious acid is formed. A. Hilger added that a very 
cone. soln. of selenium does not evolve sulphur dioxide, but does so after the 
addition of more acid. R. H. Adie observed that when sulphuric acid and selenium 
are heated together sulj)hur dioxide, but no hydrogen sulphide, appears at 170°. 
According to R. Auerbach, the metalloid selenium dissolves in pyrosulphuric acid 
as diatomic moleciile.s ; and at 130°, it changes into the metallic form and is then 
present as monatomic molecules, and the green soln. becomes yellow. By the 
addition of water to soln. of 803 in pyrosulphuric acid, with consequent increase in 
the particle size, at 20 ° the colour passes from green through yellow and red to violet, 
and the metalloid is then i)recipitated, whilst above 130° the colour change is from 
yellow, through red, to blue and the metallic form is dej)osited. If, however, the 
yellow metallic soln. is coagulated at the ordinary temp., the first result is the 
re-formation of the 803 molecules accompanied by the change from yellow to green, 
i.e. in opposition to the colour-dispersity rule. After this, the colour changes 
proceed in the normal manner, and finally the metalloid is precipitated. M. G. Levi 
and co-workers found tliat a soln. f*f potESSlum persulphfttc dissolves selenium. 
W. Prandtl and P, Borin.sky ref)re.senied the reaction with pyrosulphuryl chloride I 
1 - 28205(42 SO 3 SCCI 4 I 28 O 2 1 8 O 3 . 8 . Littmaun studied the action of selenium 
in the manufacture of sulphuric acid (q.v.), E. Moles found that the electrical 
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conductivity of sulphuric acid is not affected by selenium, and that its eflect on tlu; 
f.p. agrees with the formation of a polymeric form of SeSO^.. K. Auerbach studied 
soln. of selenium in pyrosulphuric acid--r?V/c infra, oxysulpliates. 1. Pouget 
found that selenium is soluble in sf)ln. of tlie alkali sulpbidos. H. Pela))on, and 
A. Ditte found that molteji selenium absorbs mucli hydrogen selenide, and on (-(xaing 
gives it off witli “ spitting/’ If some selenium, lieated in hydrogen in a sealed tube, 
is j.)Owdered under water, and the latter is ra}>idly filtered and then ex})osed to the 
air, it becomes red, owing to the se[)aration of selenium by the action of the oxygen 
of the air on the dissolved hydrogen selenide. lb Rathke found that vitreous or 
metallic selenium is very soluble in solonium inonochlorid6» and R. Schneider found 
tliat selenium monobromide dissolves 22 per cent, of selenium. 

According to F. Wohler, selenium combines indirectly with nitrogen to form h 
nitride, NSe, studied by R. E 8 f)cnsehied, and A. Verrieuil. According to 
J. J. Berzelius, and A. C. Scliultz-Sellaek, selenium is easily oxidized to selenium 
dioxide by nitric acid, and by aqua regia. F. Palit and N. R. Jlliar said that 
Id ])er cent, nitric acid has no action on selenium, and that 26 per cent, acid exerts 
but a slight action in 3 hrs. J. J. Berzelius found that neither gaseous ammoma 
iH)r the aq. soln. has any action on selenium, luit G. Calcagni said tliat an aq. soln. 
of ammonia, SJ>. gr. 0-888, slowly dissolves a very small proportion of selenium. 
E. C. Franklin and C. A. Kraus reVorted that vitreous selenium is soluble in liquid 
ammonia at 25^ but G. Gore, and (/ Hugot found that it is insoluble between 
-30"^ and ] 0 ‘\ and 0. Hugot attributes E. i\ Franklin and G. A. Kraus s result to 
the use of impure selenium and incompletely dried ammonia, b. W. Bergstrom 
showed that selenium, at —Sd'" or at ordinary temp., reacts with potassium amide, 
forming a white precipitate which contains an explosive substance ; if the selenium 
he in excess, liighly coloured polyselenides are then formed and a soluble, non- 
ex[)losive potassium seletioamide. For the reducing action of hydroxylamiuc salts 
and of hydrazine salts, vide supra. J. Meyer observed that both crystalline and 
amorjihous selenium are soluble to a considerable extent in a cone. soln. of hydrazine 
hydrate. Selenium and phosphorus are miscible in all proportions in the fused 
state, and selenicles are formed (^/.r.). According to F. W. Bergstrom, selenium lu 
liquid ammonia soln. slowly attacks arsenic. 9. J. Berzelius found that molten 
selenium dissolves arsenic, forming a selenide (q.v.) ; similarly with antimony ; and, 
according to F. Rossler, with bismuth. F. Jones found that selenium has no action 
on arsine in the dark and at 100 '^, but a reaction occurs in sunlight; stibine slowly 
reacts with selenium in the dark at ordinary temp, or at 100 ^, and a reaction readily 

occurs in sunlight. • i / \ • ^ i 

The union of selenium with carbon, forming carbon selenides (q.v.f is enecti'd 
indirectly, e.g. A. von Bartal obtained a selenide, CgSe^Br.^, by heating selenium 
with carbon tetrabromide, but H. V. A. Briscoe and co-workers could not verify 
this*—only the mono- and tetrabromides, and a mixture of carbon and selenium 
was formed. H. V. A. Briscoe and J, B. Peel discussed the action of selemum 
on acetylene which results in the formation of selenophen, C 4 H 4 SC. A. Besson 
found that carbonyl chloride at 230® forms selenium chloride. According to 
E. Mitsclierlich, 100 parte of carbon disulphide dissolve 0-5 part of vitreous selemum 
at 46-6®, and 0-016 part at 0 ®. 0. F, Rammelsberg obtained results ranging from 

()*0267 to 0*0727 part of selenium ])er 100 parts of solvent at 20 , and 
E. Mitseherlich said that wlien vitreous selenium has been some weeks in contact 
with (uirbon disulphide, it forms <TVstalline, r<xl selenium wbicli is less easily dis¬ 
solved by that mcn.struum than before. A similar result w^as pbtain(‘d by 
R. Schneider an<l A. 1^. Saiind(Ts. The latter stated that the action of light 
increases the solubility of selenium. FI. Petersen added that vitreous selenium 
which lias not been pre-hcatod or annealed is completely soluble in carbon disul- 
])hide at ordinary temp., but if it has been warmed, or treated with warm carbon 
disulphide, [lart becomes insolubh*. E. Mitsclierlich showed that red, monoelinic 
s<‘Ienium is eomph'ti'ly soluble in carbon disulphide, forming a red soln. M. Goste 
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said that metallic selenium is slightly solii})lo in carbon disiiltjhide, ])iit 
A. J\ Saunders found that it is com])IeleIy insoluble in that wSolvent ; observations 
to the contrary indicated that tJie st'lenium had not been all traiisfoiined into 
the metallic variety. E. Petersen found tliat the highest degree of purity ln‘ 
could prepare still contained about oih‘ per cent, of soluble selenium. R. Marc 
gave for the solubility of his ^l-rnetallic si'hmium parts p(^r 100 parts of solvent, 
and after being kept for 2 days at 190'" 2 (K)\ 2*0 parts of the resulting /i-foriii 
dissolved in 100 parts of boiling solvent. W. E. Ringer found that selenium 
dissolves in carbon disulphide only to the extent of one part per 1000 , but with 
sul])hur-selenium mixtures selenium can be dissolved up to the extent of one part 
per 100 . B. Rathke found that carbon diselenide dissolves vitreous selenium, and 
so does ethyl sulphide and ethyl selenide, but the metallic selenium is insoluble in 
ethyl sulphide, and in carbon tetrachloride. According to C. Cliabrie, selenium 
reacts with zinc ethide, forming the selenium analogue of zinc mercaptan, 
tl. W. Retgers found that lOO jiarts of methylene iodide dissolve P 3 parts of 
vitreous or of metallic selenium at 12 ^. ]\1. Coste found that metallic selenium is 

slightly soluble in toluene, nitrobenzene, quinoline, and aniline ; A. P. Saunders 
observed its solubility in hot quinoline, ethyl benzonate, aniline and naphthalene ; 
and, added E. Beckmann and W. Gabel, quinoline reacts with selenium giving oil 
hydrogen. C. Chabrie observed no leaction between benzene and selenium in the 
presence of aluminium chloride. As indicated m connection with the allotroj)ic 
forms of selenium, vitreous selenium dissolves in benzene, isobutyric acid, aceto¬ 
phenone, acetone, chloroform, thiophene, toluene, benzonitrile, ethyl acetate, 
and alcohol, forming red crystals ; and in quinoline, aniline, pyridine, etc., forming 
metallic selenium. E. C. hrankljn and C. A. Kraus found that selenium dissolves 
m a soln. of potassium cyanide, forming potassium selenoeyanate. I. Williams 
studied the action of selenium on rubber. J. Dean, and H.^Stolte studied some 
organic compounds of selenium. A. Mailhe and M. Murat, K. van der Grinten, 
A. Cousen and W. E. 8 . Turner, S. Sugie, and IJ. Wayts and G. Gosyns studied the 
^tion of selenium on organic magnesium comiioiinds ; and K. W. Rosenmund and 
H. Harms, on bromohenzoic acid. F. W. Bergstrom found that selenium in liquid 
ammonia soln. readily reacts with the cyanides of many metals, forming seleno- 
cyanides. 

Ihe coloration of glass with selenium has been discussed by F. Kraze, 
P. Fenaroli, K. Fuw^a, K. van der Grinten, and E. Zschimmer. P. Fenaroli attri¬ 
buted the colour produced by sulphur to the presence of polysulphides, but in con¬ 
sequence of the more pronounced electro-positive character of selenium and 
tellurium, Jjhese elements have less tendency to form corresponding polyselenides 
and polytellurides, and glasses may readily be obtained in which the colour is due 
to elementary selenium or tellurium in colloidal form. The range of colour in 
presence of these elements is very much greater than in glasses coloured bv sulphur, 
and the variations of colour are attributable to variations in the degree of "dispersity 
of the selenium and tellurium. Glasses which contain dispersed selenium in 
the form of polyselenides have a chestnut-brown colour; those which contain 
colloid^ selenium vary from yellow to reddish-violet. The action of selenium on 
the metals is discussed in connection with the respective selenides—v^e also 
hydrogen selenide for the action of mercury and its vapour. F. W. Bergstrom 
found that selenium m liquid ammonia sola, slowly attacks copper, magnesium, and 
zinc. P. Guyot ^id that a soln, of selenium in carbon disulphide precipitates a 
certain number of the metals from alkaline soln. as selenides, but, excepting silver 
salts It does not precipitate acid or neutral salt soln. F. GarelU and A. Angeletti 
could not confirm this statement. G. Calcagni found that powdered selkum 
dmolves readily m a cold soln. of 66 per cent, sodium or potassium hydroxide. 
The reactions which occur are complex. Selenides are first formed, and these pass 
into polyselenides and selenites. Possibly a compound analogous to thiosulphate 
IS produced by the action of atm. oxygen on the selenides, and a small part of the 
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selenium may be present as such in the soln. The l)r()wn solin are gradually de¬ 
colorized by oxygen and carbon dioxide from the air. M. Costo also found metallic 
selenium dissolves in potash-lye. R. 1). Hall and V. Jjenhcr found that selenium 
is not an active reducing agent; it reduces soln. of gold salts only \vhen boiled ; 
and with silver salts, silver selenide is formed which acU as a reducing agent towards 
gold chloride soln. P. Senderens found that powdered selenium acts more readily 
than sulphur on a boiling aq. soln. of silver nitrate, for the reduction with selenium 
is almost complete ; tlu‘ ])rcci[>itation of tin* silver by tellurium is always complete, 
and if the tellurium is in excess, tin' nitric acid whicli is formed is decompos<‘d 
with production of nitrogen peroxide even in dil. soln. Silver nitrat(‘ in sola, 
is completely, although slowly, reduced by selenium and tellurium at the ordinary 
t(‘mp. ; cupric nitrate is not affected umhu- the same conditions, but is }>artially 
reduced by tellurium on heating. F. (lar<‘lli and A. Angeletti said that the silvc^r 
may be precipitated complet(‘ly if an excess of sehmium be employed, and the soln. 
be boiled. From a neutral soln. containing silver, h‘ad, and mercurous or mercuric 
nitrate, the silver may be j)reci})itatcd completely in this way, the ajnount of 
sehmium added being boih'd for fifteen minutes and filtered when cold. The ])re- 
(‘i])itate is iieated with nitric acid and the vsilviT estitnated as chloride. A. (Litbier 
and co-workers, and E. Kessler studied the purjile-coloured substance 2 )rodue(‘d 
by tlu; (hqiosition of selenium on stannic hydroxide, analogous to puriile of Cassius 

- -scJeniam-tiifi 'purple. H. Lessheim and eo-workers diseussed tlie co-ordination 
number of selenium in its conijilex salts. 

Some reactions of analytical interest. —Selenium forms selenious and selenic 
muds; the former is [iroduced by the action of nitric acid on selenium, or by dis¬ 
solving the dioxide in water, and the latter, by fusing selenium with a mixture of 
alkali carbonate and nitrate, and tieating the resulting alkali S(.‘Ienate with acid. 
With hydrochloric acid, selcnic acid behaves like a ]jeroxide giving off chlorine 
when boiled, and is at the same time reduced to selenious acid: ]l 2 Se 04 + 2 HCl 

- H 20 +Cl 2 +H 2 Se 03 . Selenious acid or an alkali selenite, in aq. soln. or in dil. 
hydrochloric acid soln., when treated with hydrogen sulphide, giv(‘s a leuioa-yellow 
precipitate of selenium and sulphur: H 2 Se 03 -|- 2 H 2 S~ 3 H 20 ~| Se f2S, and the 
precipitate is soluble in ammonium sulphide. Hydrogen sulphide does not give 
a precipitate with selenic acid, unless the soln. be boiled with hydrochloric acid so 
as to reduce the selenic to selenious acid. Selenic acid is not reduced by sulphur 
dioxide, but this agent, as well as other reducing agents, gives a red or black pre¬ 
cipitate of selenium with a soln. of selenious acid in dil. hydrochloric acid. The 
reaction was examined by E. Keller,^ C. Alexi, etc. A. Jouve said that one part of 
selenium in 10,000 parts of soln. can be detected by this means. H. Rose regarded 
the presence of hydrochloric acid as an essential factor in the complete reduction 
of selenium salts— vide Figs. 1 and 2. H. Rose, C. Alexi, and A. Gutbier found 
the reduction is effected by phosphorous acid ; A. Gutbier and E. Rohn, hypo- 
phosphorous acid ; J. Meyer and J. Jaunek, s^um hyposulphite, which enables 
one part of selenium in 20,000 parts of soln. to be detected ; A. Grak and J. Pret^n, 
stannous chloride; E. Keller, ferrous sulphate ; A. Jouve, acetylene, which enables 
one part of selenium in 100,000 parts of soln. to be detected ; F. Stolha, glucose ; 
L. Kastner, magnesium or aluminium ; H. Reinsch, copper; A. W. Pierce, 
F. A. Gooch and W. G. Reynolds, C. Alexi, and W. Muthmann and J. Schafer, 
potassium iodide and hydrochloric acid—J. F. Norris and H. Fay, and P. Klason 
and H. Mellquist based a volumetric process on tliis reaction; J. Meyer and 
W. von Garn detected 0*002 per cent, of selenium dioxide by its means; and 
P. Jannasch and M. Miiller, C. Alexi, G. Pellini and co-workers, J. Jannek, and 
A. Gutbier and co-workers, hydrazine salts, and hydroxylamine salts. Neutral 
soln. of selenites give a white precipitate with barium chloride, which is soluble in 
dil. acids ; with selenates, a white precipitate insoluble in dil. acids is formed, and 
it dissolves with the evolution of chlorine when boiled with hydrochloric acid. 
A. Hilger and E. von Gerichten found that selenious acid gives with magnesia 
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mixture a colourless precipitate of ma^ijncsium selenite insoluble in acids. With 
selenious acid, copper sulphate solri. ^dves a greenish-blue precipitate, but no 
precipitation occurs with seJenic acid. (L Deniges found that soln. of selenic acid 
or selenatcs mixed with a soln. ot U> grnis. of mercUTOUS nitrate, 10 c.c. of nitric 
acid of sp. gr. 1*39, and 100 c c. of water, give a crystalline precipitate, and sclenicnis 
acid and sclenites give a precipitate witfi nccdic-like crystals. E. Schmidt detected 
0*(XX)5 per cent, of selenious acid in sulphuric acid by adding 0*01 grm. of codeine 
phosphate to lo c.c. of soln., wlien a distinct green colour is produced in a minute 
and a bluish-green (‘oloration in 15 minutes of selenious acid is present. When 
the dilution of the selenious acid is as low as 0‘0(X)1 per cent, the colour reactions 
can be observ^ed with sufficient sharpness against a white surface, and in com- 
{)arison with a soln. of about 0*01 grin, of rodeine jdiosphate in 10 c.c. of j)urc 
sulphuric acid. The process is not applicable when the sulphuric acid contains 
iron (for example, 1 dro]) of ferric chlorulc in 10 c.c. of sulphuric acid), but it is not 
influenced }>y siil[>hurous acid, and is (ndy retarded, not vutifitcd, by the prcsenc(‘ 
of tcllurous acid. A M)lj)liiiric acid soln. of indigo js decolorized by schujic acid. 
When sehmitirn (jr one of jt.s compounds is nu'ltcd with potassium cyanide in a 
stream of hydrogen, potassium s(‘leiiocyanide is formed which docs :u)t ]>recipitat(' 
selenium when exposed to air, but does when Ixuled with hydrochloric acid. 
A. 0. Vournasos^ obtained Sf‘lenium Jiydride by heating selenium with SOdium 
iormate to 400"". For the biological test. vUlc infra. The efTect of selenitim ou the 
tests for arsenic was discussed by (). Rosenheim. 

The physiological action of selenium. —The peculiar smell of burning selenium 
was attributed l»y J. .1. Herzelius to the formation selenium monoxide; atid 
by E. Sacc, and V. Lenh(‘r to the presence of traces of moisture, forming hydrogen 
selcidde. According to R. Rnthke, the characteristic radish-like odour of selenium 
when heated on charcoal before the ])lowpipe is due to carbon diselenide and not 
to a selenium suboxide. F. C’zapek and J. Wei! found that tlie element selenium 
is not poisonou.s. I. (). Woodruil and W. J. (3ies said f liat when the element is taken 
in by the mouth, it is discharged per rectum an<l does no harm. F. C'zapek and 
J. Weil could not demonstrate any direct toxic action of selenium com[)oimds on 
cells, but they act poisonously ou the animal body as a whole, and seicnites more so 
than selenates. F, Rieclien deseribed a fatal case of poisoning by sodium selenite 
in coffee. The symptons resembled those of arsenical poisoning. F. 0. Chabrie 
and Jj. Lapicque, F. Czapek and J. Weil, 0. 0. Jones, I. 0. Woodrull and W. J. Dies, 
and F. Leliniunn were unable to demonstrate any direct toxic action of selenium 
on the cells of the animal organism, but concluded tiiat selenium compounds act 
poisonously on the animal body as a whole. The poisonous nature of tlie selenium 
compounds was placed beyond doubt by F. W. Tuiiniclift’e and 0. Rosenheim. 
F. Czapek and J. Weil suggested that the selenates are reduced to selenite? in the 
body. The effect of selenium is likened to that of arsenic and antimony, for it acts 
by weakening the heart, lowering the blood pressure, and paralyzing the central 
nervous system. I. 0. Woodruff and W. J. Gies also emphasized the analogy of 
the effects produced by selenium and arsenic. Four mgrms. of the selenite or seleiiatc 
j)er kg. m. of body weight in dogs, kill in a few minutes. The introduction of soluble 
suits is quickly followed by its elimination in the breath, and urine. C. 0. Jones 
added that in the body, selenato is reduced to selenite ; a small quantity is excreted 
in the urine, and the remainder is carried to the spleen and liver, where it is reduced 
by dextrose to selenium ; when dextrose furnished from the glycogen is becoming 
exhausted, fat is called on. There is a retention of chlorides, a disuppearance of 
hydrochloric acid, and a great relish for sodium chloride. This is interpreted as 
meaning that the salt raises the sugar in the blood to satisfy the selenite, and so 
protect the cells from toxic effects. Bodium selenite does not produce haemolysis 
outside the body, but does so after hypodermic injection ; it is reduced to selenium 
in the i)ortal circulation, chiefly in the spleen and liver. Only a proportion of the 
red corpuscles arc luemolyzed, suggesting that tliose from tlie portal system were 
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mixed in the general circulation with thoae wliich ar (3 unaffected. (Jlycogcn and 
sugar disappear in a remarkable manner after the injection. A. 11. Koffo and 
S. M Neuschloss found that selenium compounds augment the separation of normal 
cells in adult white rats, and diminish that of normal cells of new-born animals, 
(unbiyos, and of carriers of neojdasms. 

IL Gosio observed that selcnites are attacked by micro-organisms, forming a red 
.substance, probably selenium. The subject v/as discussed by G Joachimoglu 
and co-workers. In addition to the Thiohacillns thioxidnns, J. G. Liprnan and 
S. A. Waksrnan ob.served that other bacteria can derive their energy from the 
oxidation of selenium to selenic acid. F. Lehmann found that a high cone, 
of selenium is lethal to trypanosomes, but after one hour's exposure, the cone. 1: DCKK) 
for selenites and 1 : 100 for selcnates is not lethal. A. Nemec and V. Kas found 
that sodium selenate exerts a favourable influence on the growth of dry mycelium 
in the Penicillium roqueforti connect(‘(l wifli the cheese industry, but with the Fniwf!- 
lium candnhim a toxic effect occurs when the .selenate is increased beyond a certain 
limiting cone. E. Keyssner was unable to prove that selenium exerts any curative 
effect on cancer. The effect on plants was studied by A. Nemec and V. Kas, 
and B. Turina ; and as a w('ed-kilI(T, as well as a fungicide or a bacteri(‘idc for ])lant 
diseases by F. M. Jjougee and B. S. Hopkins, and N. M. Stover and B. S. }ioj)kin.s. 
According to A. Maa.ssen and co-wwkers, in the living organism, the seh'iiates are 
rediKSMl to selenites and selenium, and in tlie case of animals, the selenium is coii- 
verted into selenium ethid(‘, and in the cas(‘ of }>actoria, into selenium methide. 
0 . Kosenheim found that the so-called biological test for arsenic (q.v.) is applicable 
also to selenium com])ounds which are decomposed by Prnwdhum hrevicaule giving 
a v(Ty disagreeable odour r<\sembling to some extent skatol or merca])tan. T}i(‘ 
test IS very sensitive, 0*01 mgrm. of 8 (denium in 1 c.c. of liquid is easily demon¬ 
strated by a vigorous growth of tlie mould. Elemental selenium, unlike arsenic, 

IS not attacki'd by tlu' mould. J. Htoklasa found that both sclenit(‘S and selcnates 
(‘>:(‘rt a inaikedly injurious action on the g(umination of seeds. S(d(‘nates ar(‘ 
miieh less toxic than selenites, and at a great dilution even exert a favour¬ 
able inflinmce. Thus, sodium selenate at a cone, of 5xl0~^^ up to 1 ()~"> gram- 
atoms of selenium j)er litre produces a stimulating effect on the growth of mai/e, 
but at iiigher cone, it is toxic. B. Turina interred that 8 (‘lenium does not enter 
the mature plant system in appreciable <piantities }>y way of the root-hairs, but 
that the root-cap plays the important 7ole of ])(>int of entry and filtration. 

The atomic weight and valency oi selenium. —Selenium resembles sulphur very 
closely in its typical compounds. It may be hi-, quadri-, or sexivahmt. It is 
bivalent in gaseous hydrogen selenide, H 2 S, and in organic and inorganic selenides 
ty])ified by (CH 3 ) 2 Se, and K 2 Se ; and Be(( 2 ^ 5)2 Tneasured by Y. Tanaka and 
Y. Nagai. It is quadrivalent in a number of selenomium compounds - 
cq. ((\ 2 H 5 );ySeI, and ((k 2 Hr,) 3 Se(OH), prepared by L. Pieverling ; ^ m 
(CH 3 ) 2 Cl 2 , and (G 0 U 5 .OH 2 ) 2 SeCl 2 , prepared by C. Ij. Jackson; in ( 02 H 5 ) 2 SeCl 2 , 
and ( 02115 ) 38001 , prepared by B. Ratbko; in (OH 2 COCH 3 ) 28 eOl 2 , and 
( 0 H 20 O 04 H 5 ) 2 Se 0 l 2 , prepared by A. Michaclis and F. Kunckell; in selenium 
dioxide, SeOo, and in selenions acid, SeO(OH )2 which, unlike sulphurous acid, is 
a true dihydrozyl-compound showing no signs of tautomerism; and it is also 
quadrivalent in SeO(O 02 H 5 ) obtained by A. Michaelis and B. Landmaiin. Selenium 
is sexivalent in the gaseous hexafluoride, SeF^, prepared by E. B. K. Prideaux, and 
probably also in selenic acid, H 2 Se 04 , and in the selenates which are isomorphous 
with the sulphates, W. J. Pope and A. Neville prejiared optically active selenium 
compounds, e.q. 

<-H3^ Br 

discu.ssed by M. Scb(»ltz, R. F. Goldstein, W. J. B. Honley and S. 8 ug(hm, etc. 
M. Padoa, W. K. Gaythwaite and co-workers, O. K. Edwards and co-workers, and 
VOL. X. 00 
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G. T. M.irf'a.n aiul K. H, Burslal), diM'iisscd tlic valency of scleiiiuin. Acconling 
to T. M. Jjowry, tlie arguments with resiiccf to tlie tetrahedral configuration of 
suljilmr (‘OiHjiounHK apply also to .s(‘loniuiii. 

I'Ik' atomic wci^^ht of self^nintu was first i]<*lDrmin(Hl by*!. J. BiTZ(‘lius’' by sat. 
KKJ parts of Sf'lcniuni with chlorine. He fonml that this ^ave J7D jiarts of chloride, 
lienee, with chlorine 'f5*4584, Se : 4(4 HW): 170, the at. wt. of selenium is 79*24. 
.1. H. A. Durnas also used this method, and iroin his results obtained the ratio 
HX): J78. Th(' \aliies with selenium tetrachloride are rather hi^di, presumably 
because of a slight contamination with selenium oxychloride. E. Mitscherlich 
analyzed some alkali selenatos, but the rovsults are not suitable for computing the 
at. wt. F. Sacc tried reducing barium seleiiite and weighing the resulting barium 
sulphate and selenium, but obtained discordant results ; and similarly also with lead 
and .silver selenites. He obtained better results by (*.onverting barium selenite into 
the sulphate, and from the ratio BaSeO^ : BaSO^ -KX): 88*137 obtained the at. wt. 
78*587 (Ha, 137*363). F. Sacc converted .selenium into the dioxide by means of 
nitric acid, but obtained poor re.sults. J. Meyer obtained better results by con¬ 
verting selenium into the dioxide in a current of nitrogen peroxide and oxygen at 
215"', and he obtained 79*135 for the at. wt. from the ratio Se : Se02, and J. Jannek 
and J. Meyer obtained 79*141 by this process, J. Meyer also reduced the dioxide 
to selenium as a control, and F. Sacc reduced the dioxide to selenium with ammonium 
hydrosulphite, and obtained a ratio Se02 : Se-100 : 71*080 ; there follows the 
at. wt. 78*6. A. Schrotter similarly obtained 78*6: and G. Ekman and 

O. Pettersson, 79*08. 0. L. Erdmann and R. F. Marchand analyzed mercuric 

selenide, and from the ratio llgSe : Hg-^ 1(X): 71*7327 there follows the at. wt. 
78*883. (t. Ekman and 0. Pettersson also ignited silver selenite, and from the ratio 

Ag2Se()3 : 2Ag -1(K): 62-1KXJ2 there follows for the at. wt. 79*259. The silver was 
probably contaminated with traces of selenium. V. Lenher transformed silver 
selenite into the chloride, and from the ratio Ag2Se03: 2AgCl -110: 83*558, tliere 
follows the at. wt. 79*328. lie also ri'diiced silver bromoselcnate to selenium by 
means of hydroxylamine hydrochloride, and obtained the ratio (NH4)2SeBr: Se 
=1(X): 13*3224, which furnishes the at, wt. 79*248. 0. Steiner analyzed phenyl- 
fltdenide, and from the ratio ((^cJl5)2Se : 12002“^ ICX): 226*536, there follows the 
at. wt. 78*97. 3. Meyer electrolyzed a soln. of silver selenite in one of potassium 
cyanide, and obtained 62*9193 per cent, of silver which yields the at. wt. 79*155. 

P. Bruylants and A. Bytebier calculated from the density and compressibility of 
hydrogen selenide the at. wt. 79*18; later determinations by P. Bruylants and 
J. Dondeyne gave 79*37, and by P. Bruylants and co-workers, 79*23. F. W. Clarke 
calculated for the best representative value 79*176 ; and the International Table 
for 1926 gives 79*2. 

The atomic number of selenium is 34. F. W. Aston found that selenium consists 
of six iaotages with at. wts. respectively 82,80, 78,77,76, and 74. K. Rutherford and 
J. Chadwick, and H, Miiller observed no evidence of atomic disinfegration when 
selenium is Immbarded by a-rays, but H. Pettersson and G. Kirsch observed some 
evidence of atomic disruption. The subject was discussed by G. I. Pokrowsky. 
A. L. Foley studied the action of ultra-violet light, and of X-rays on selenium 
confined in sealed glass tubes when the spectra are periodically examined. The 
results were indefinite. N. Bohr represent*ed the electrcmic s tr ucture (2) (4, 4) 
(6, 6, 6) (4, 2). The subject was discussed by M. L. Huggins, W. Kistiakowsky, 
C. P. Smyth, H. Collins, H. G. Grimm and A. Sommerfcld, S. Meyer, and C. D. Niven. 

The 0008 ol selenium.— Selenium is used in preparing a scarlet-red colour for 
glass, glazes, and enamels. 7 S. C, Lind ® described diethyl selenide as an anti¬ 
knock agent for petrol. A. D. Little, and E. G. Crocker discussed the use of selenium 
in the production of flame-proof, insulated, electric wires, paper, etc. C. Dickons 
used colloidal R^4enium as a germicide, inseclichh*, fungicide, and for ]»r(‘fiervation 
of wood ; and F. M. Lougee and B. 8. Hopkins recommended using selenium com- 
liounds in place of sulphides. There are some applications based on its remarkable 
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Bensitivouoss to li^lit wln^roby light can be convertrd into electrical energy. In 
conjunction with a relay, the selenium C(‘1I can he einj)loyed for starting and 
stopping a motor, ringing a hell, lighting lumps, firing cannons, etc., at a distance. 
Selenium c('lls have l)(‘en used in the j>rotection of safes, so that they giv<' an alarm 
when exposed to the light from a burglar’s lantern. They have ])een used for the 
lighting of buoys using compr(‘ssed gas. When the sun rises in the morning, tin' 
resistance of the cell is lowered, and tliis operates a switch wliicli causes the gas 
to be turned off; as night aj)}>roa(*hes, the resistance of the c(‘ll increases am) th<' 
gas is turned on again. The light of a distant lighthouse or railway signal can be 
focussed upon the c<'I] and so indicate either the lighting u]) or extinction of lamps. 
Attempts have been made to steer aerial torpe<lo boats automatically from the 
ground and so attack, say Zeppelin air-ships in mid-air. The selenium cell has 
been employed in the construction of photometers whose readings are not vitiated 
by the personal error characteristic of ordinary ]>hotonH'tors. Th(’ selenium cell 
has been used in stellar photometry ; and in the study of tlie solar eclipse. Efforts 
have also been directed towards the employment of the selenium C('ll for dis¬ 
criminating differences of colour, but not yet successfully, although there is a ])atent 
for a contrivance for sorting coloured objects, like cigars or imroasted coffee beans, 
automatically by tlie colour. The selenium cell has boon employed in the trans¬ 
mission of speech over 15 miles. The photograinophone is an arrangement fur th(5 
reproduction of speech, and music. Words spoken into the transmitter supor])ose 
the current variations in the telephone circuit on the current flowing in the arc- 
light and cause a corresponding variation in the light. When the developed film is 
arranged so that the rays from an arc-light jmss through the film and intermittently 
impinge on a selenium cell, the variations in the resistance of the cell connected 
with a t(‘l('phone receiver reproduce the sounds originally spoken into the trans¬ 
mitter. Tliis is a talking kinematographic film. The selenium cell has also been 
applied to the transmission of photograjihs over existing telephone or telegraph 
wires -telepliotography, ])ic1ure telegraphy, and in television. There are instru¬ 
ments also for converting light into sounfl through the medium of an electric current, 
and ap])]i(*d--o})tophone, phonojitikon, photophone, etc.—so as to enable the 
blind to read printed books, newspapers, typewritten documents, etc. 

The varied applicatiouB are diBcussed in Hpeeial works *0. Rios, Dm Sde.n, Munchen, 
1918 ; K. Fournier d’Albe, The Moon Element, London, 1914 ; E. Huhinor, Das iSrlcn 
nnd seine Bedentimgfitr die EleJetrotechnik,'Dorlm, 1902; h. Scient, Amcr. Monthly, 

1. 28, 157, 253, 1920 ; Chim. Jml„ 2. 73, 245, 1919 ; W. Spath, Natvnmsa., 10. 14. 1922 ; 
H. Thirring, Zeit. tech, Phya., 3. 118, 1922; V. Lenhor, Joum, hui. Eng. Chem., 12. 597, 
1920; Trans. Amer. Inst. Min. Met. Eng., 69. 1035, 1923 ; Anon., (Jhem. Tiadv .lourn.y 
76. 635, 1925; E. E. F. d’Albe, Saent. A nur. Suppl., 83. 307,1917 ; M, F. Doty lias t oinpiled 
Selenium—A List of References, 1817-1915, New York, 1927, 


Refkrbnoks. 

^ H. Foiizes-Diacon, Contribution d VHude des aiUniures metuUiques, lOOj , 

E. Mitschorlieh, Sitzber. Akad. Wien, 409, 1855 ; Journ. prakf. Chew., (1), 66. 257, 1S55 ; i\Kig 
Ann., 98. 547, 1856; Ann. Chim, Phys., (3), 46. 301, J856; Lord Rayleigh and W. U,unj>4<v. 
PhiL Trans., 186. A, 231, 1895 ; Chem. News, 71. 57, 1895 ; Proc. Roy. Soe., 57. 2S2, 189.'); 
VV. Ramsay and J. N. Collie, ib., 60. 53, 1896; W. T, Cooke, ih., 77. A, 148, 1906 ; Znf yhys. 
Chem., 65. 537, 1906 ; C. F, Cross and A. Higgin, Journ. Chem. Soc., 35. 249, 1879 ; J. J. Ber¬ 
zelius, Ar^ui. Handl. Stockholm, 39- 13, 1818 ; Afhand. Fia. Kemi Min., 6. 42, 1818 ; Sehirngger's 
Journ., 23. 309, 430, 1818; 34, 7a 1822; Pogg. Ann., 7. 242, 1826; 8. 423, 1826; Ltebig^a 
Ann., 49. 253, 1844 ; Ann. Chim. Phys., (2), 9. 160, 226, 337, 1818 ; (1), 20. 34, 113, 225, 1822 ; 
Ann. Mines, (J), 4. 301, 1819 ; Atm. Phil, (1), 13. 401, 1819 ; (1), 14. 97, 257,*420, 1819 ; (1), 15. 
16, 1819; (2), 4. 284, 343, 1822; D. Btciner, Beitrdge zur Kenntnis der SchwefelSelen-Tellur- 
Cruppp, JHeidellxu’g, 1900 : KrafTt and O. Steiner, Her., 34. 5(i0, 1901 ; O. and (\ A. Silljerrud, 

Journ. Chew. Soc., 127. 2449, 1925; A. Mailfert, Compt. Ke^ul., 94. 118fJ, 1882; P. Ciiyot, 
(\nnpt. Rend., 72. 685, 1871 ; H. Pelahon, ib., 116. 1292, 1893; P. Senderens, ?/>., 104. 175, 
1887 : M. (Vj.ste, ib., 49. (>74, 1909 ; A. Ilesson, ib., 122. 140, 1896 ; E. van Aubel, ih., 136. 929, 
1189, 1903; Phys. Zeit., 4. 807, 808, 1903; C. Rios, Das Helen, Munchen, 1918; O. Dony- 
Henault, Bull. Assoc. Belg. Chim., 17. 79, 365, 1903 ; 22. 224, J9U8; F. Kosslor,Zefh anorg, Chem., 



756 


INOKCiANKJ AND THEORETICAL CHEMISTRY 



I8S5; 36. r»14, 1003; Journ, prali, Chn,., (J). 95. J, \ 

(7irm., CJ), 5. 720, Hutragc zttr Knuttnn^^ Sfhn.% Hallo, ^ 

11, >:,s( lii(‘s. ho, Jonnu pmkf. (lum„ (\). 92. J15. I8(U ; H. O. Hchult/, (2), 32. . 90, 18h.> ; 

M. l^orMiolot. Th(rw<u)nmu\ Paris, 2. i.HT, 140, 1807; (P (ioro, Proc. liny 20. •*4'' 

21. 140, 1873 ; (I. Mivjnun, Poqg. Ann., 10. 491, 1827; N. W. Fisckr, Ak, 12. 153, 1828; 16. 
121, J829; \i. VVobor, ih., 156. 517, 1875; K. Srlimador, <6., 128. 327, 1800; A. voii b^Hal, 
(Inni. Zfg., 30. 870, 1900; 31. :M7, 1907 ; P. Hautofoiulle, Bnll. kSoc. (linn., (2), 7. 198, 180/; 
H. WaytM and (P Cosyns, //>., (.3), 29. 089, lOO.'t; A. Mailho and M. jMiirat, ib., (4,7. ^88, 1JIO ; 
A. \VTU(‘uil, A>.. (2), 38. 648, 1882 ; K. VVohl<T, lAA>iq\^ Ann., 109. 37.5, 1859 ; K. F«pon.schied, 
Vf'bcr dan StidsiofMcn , (*ot<ini^en, 18.i9 ; LifMig's Ann., 113. 101, 1800; 

116, 122, 1800; A. Hihrer, ?V>., 171. 211. 1874; F. Jone.s. iVoc. (7irm. *Sor., 23. 104, 1907; 

V. Leidu'r and 11. li. North, Jonrn. Ainrr. (7itnn. Soc., 29, 33, 1907 ; H-. Jh Hall and V. lA'nlior, 

ih., 24. 918, 1902 ; 8. Same, Jonrn. Japan. Per. J.s.sor., 2.10, 1921 ; W. Prandtl and P. Bonnsky, 
Zeil. anorq. (Jam., 62. 237, 1909; P. Borinsky, Ihlnr die Ehiwirknng oon Schwefeltrioxyd 'und 
dr>'<s( N (Jilnr.^nbstif uf inn'iproilnlJen auj Sehin fei, Seb n vnd 'I'ellur, Miinchcn, 1909; C. C. lalit 
and N. U. Dhar, Jonrn. 7V/ys‘. (Jhmi., 30. 1125, 1920 ; S. Littrnann, Zeit. an^rw. Chem.,19, 1039, 
1081, 1900 ■ S. B. IVirter, J. A. V. Butler, and F. Janios, Jonrn. Ckem. Sor., 129. 930, 1920 ; 
(). and (). A. Sillx'rrad, ih., 127. 2119, 1925; L. A. TnehugaefT and W. O. Chlopin, Bor., 47 
12<>9, 1914; Jonrn. Rnas. Rhys. (lif>n. Soe., 47. .301, 191,5; A. Cousen and W. F. b. lurner, 



14, 227, 1912 ; K. Z.sefuniiner, ih., 58. 808, i92r>; 59. 93, 1920 ; K. van der (Irinten, Jonrn. 
. P/njs., 23. 209, 1920 ; P. Penaroli, (7n>w. Ztg., 36. 1119, 1912 ; Knll. Zeit., 16. 53, 1915 ; 


45.214,! 

(Jhtni. Pbyfi., , -- , 

J. .fanrudv, Kine in ue Bestiminnng d<n Aloinqen'tchii s des Selens, Breslau, 1913 ; J. l^apish, Join n. 
Vhys. (Jam., 22. 040, 1918 ; H.’B. Weiser and A. (lanison, ih., 23. 478, 1919 ; A. P. Saunders, 
ih.] 4. 423, 1900 ; B. Aiu'rhaeh, Zm., 38. 313, 1920 ; Zuf. phy^. Chcni., 121. 337, 1920 ; 

L. ,1. I’henard, df (hiniu. Pans, 2. (>9, 1821 ; A. (hilhier, B. (hlen.stein, and F. Kr.s.sl(*r, 

Zdt. r///orf/. 07/</a., 160. 27, IS, 1927 : H. Besslieini,.!. Me,\cr, and B. Samuel, ,165. 253, 1927 ; 
10. Kessler, Silcn- und Tdinrput par, Jena, 1927 : P. (larelli ami A. Angeletti, Atli Accad. Lincci, 
(5), 31. ii, 440, 1922 ; ('. Sandounini, it>., (5), 32. ii, 84, 1923 ; L. BoHa, ib., (5), 21. ii, 278, 1912 ; 
J. Meyer, Zeit. Elektroehem., 19. 833, 1913; (i. (Jale.agni, (iazz. (Jhini. flat., 53. 1, 114. 1923; 

M. (J. Jjevi, Fi. Migliorini, and (P lOrenlini, ib.. 38. i, 5t)8, 1908 ; F. (5 Franklin and (h A. Kratis, 
Anar. Cheni. Jonrn., 20, 820, 1898 ; F. W. Bereftrnm, Jonrn. 'phys. Hhew,., 30. 12, 1920 ; Jonrn, 
Anar. Chew, Soc., 48. 2319, 192(> ; C. A. Kraus, ih., 44. 1210, 1922 ; F. Bc'ckmann and W. Gabel, 
Zeit. anorg. Chew., 51. 230, 1900; 3. W. Bela<T.s. ib., 3. 343, 1893 ; K. Marc, ih., 53. 302, 1907 ; 
VV^ F. Bmger, ib., 32. 183, 1902; I. \Silliarn«, Jonrn. 1ml. Eng. Chern., 15. 1019, 1923; 
F. Peterst'n, Zdi. phys. Chew., 8. 012, 1891 ; B, H. Adie, Eror. Chew. Soc., 15. 133, 1894 ; Chew. 
Nenii, 79. 201, lHi)9; H. \\ A. Bri.seoe, ,1. B. l‘eel,atHl J. H. Bow lands,./m/r/i. ('hew, Soc., 1700, 
1929 ; H. \'. Briseoe and J. B. l*eel, th., 1711, 1928; H. V. A. Bri.seoe, J. B. Pool, andP. L. Kobin- 
Hon, ib., 2028, 1928 ; M. ('oste, Compt, fbnd., 149. 094, 1909 ; W. Fngelhardt, KolL Zdt., 45. 
42, 1928. 

‘ H. Bose, Zdt. anal Chem., 1. 73, 1802; Pogg. Ann., 113. 472, 024, 1801 ; Chem. Newts', 
6 . 185, 1802 ; Uamlbuch der amilyti^chen Chenile, Braunschweig, 2. 441, 1871 ; A. (Jutbier, B( r., 
34. 2724, 11»0J ; Zdt. anorg. Chew,, 32. 295, 1902 ; 41. 448, 1904 ; A. (bitbier, G. Metzner, and 
,). Lohmann, ib., 41. 291, i904 ; A. GufbitT and F. Bohn, ib., 34. 448, 1903 ; A. W. Jhern', tb., 
12. 409, 1890 ; Arner. Jonrn. Science, (4), 1. 410, 1890 ; F. A. Gooeh and W. G. itcynolds, ib., 
03), 60. 264, 1895 ; J. F. Norris and H. Fay, Amer. Chem. Jo\irn., 18. 703, 1896 ; 23. 119, 1991 ; 
P. Klason and H. Mollquist, Arkiv. Kemi Min, (JeoL, 4. 18, 29, 1912 ; A. Grab and J. Pedren, 
Sven,Hka Kern. Tids., 24. 128, 1912; W. Muthmann and J. Schafer, Bcr., 26. 1008, 1893; 
P. Jannasch and M. Miiller, ib., 81. 2388, 2393, 1898; F, Stolba, Zeit. anal. (Jhe.m., 11. 4.37, 
1872 ; L. Kastner, ib., 14. 142, 1876 ; J. Meyer and W. von Garii, ib., 53. 29, 1913 ; J. Meyer 
and J. Jannek, ib., 52. 634, 1919 ; A. Hilger and K. von Geriehten, Sitzber. Phys. Alet. Sue. 
Erlangen, 6. 106, 170, 1874 ; Zdt. anal. Chem., 13. 132, 394, 1874 ; G. Pollini, ib., 50. 521, 1911 ; 
(Jazz. Chim. Ital., 33. i, 515, 1903 ; G. Pellini ami F. Sjailta, ib., 33. ii, 89, 1903 ; A. Kosenheirn 
and M. Weinheber, Zdt. anorg. Chem., 69. 200, 1911 ; A. Jouve, Bull. Soc. Chim., (3), 26. 489, 
1901 ; J. Jannek, Eine neue Bcstimmnng des AUmgndchte^ des Scfenn, Breslau, 1013 ; E. Keller, 
Jonrn. Amer. Chem. Soc., 19. 771, 778, 1847 ; 22. 241, 1900; U. Ah'xi, Ueber die Ikstimmnng 
von Sehn vnd Tellnr und die Vntersnchnng ron .silrn- und lellnrhaUigen llandeUkapfcr, Berlin, 
1905; H. lieinseh, Jonrn. prakt. Chem., (1), 24. 244. 1841; F. Schmidt, Arch. Phcirm., 252. 
101, 1914; O. Bosenhoim, Chew. Newa, 83. 277, 1901 ; G. Deniges, Aim,0kifn, Anal., 20. 57, 
1916. 



SELENIUM 


757 


3 B. Kathkc, Ber., 36. 594, 1903; J. J. Ber/cliiis, AauL Hand}. Sfoi-hhaltN, 39 1.3, 1818; 
AJhaiul. FIs. Kvnti Min.^ 6. 4:3, 1818 ; Srhweigger's Journ., 23. 309, 430, 181S ; 34. 79, 1822 ; 
Pogg. Atrn.., 7. 242, 182() ; 8. 423, 1826 ; Liebig's Ann.., 49. 253, 1844 ; Ann. ('fum. Phi/s., (2), 9. 
160, 225, 337, 1818; (1), 20. .34, 113, 225, 1822; Ann. Minrs, (1), 4. 301, 1810; .^inn. Phil., 
(1), 13. 401, 1819; (1), 14. 97, 257, 420, 1819; (1), 16. 16, 1819; (2), 4. 281, 343, 1822 ; 
(k 0. Jones, Biorhem. Jovni., 4. 405, 1909 ; 6. 1(>6, 1911 ; F. Czayiek and J. Weil. Auh. Kxp. 
Path. Pharm., 32. 438, 1893 ; A. H. Koffo and S. M. ^^euschlo^s, Bull. S<n\ C/iim. Biof., 7. 515, 
1925 ; 1. 0. WoodrulT and W. J. (Jie.s, .4/M^'r. Journ. Physiol., 6. 29, 1902 : ,(. (J. lajinian aiul 
S. A, Waksman, ASVdare, (2), 57. 60, 1923; B. Gosio, Atti Acrmf. Liticn, (5), ^3. i, 6)12, 1904; 
F. Kieehen, Zeit. UnUrs. Lebetmn.,^. 264, 1927; K. W. Tiiiinif*litT(‘ and (). Kosenlunni, L(nir(*f, 
i, 318, 434, 927, 1901 ; O. Hos(3nlieim, Chan. Nnvs, 83. 277, 1901 ; 86. 10, 1902 ; iVoc. Ch( m. Sor., 
19. 138, 1902; A. Maassen and O. Rosenlnnm, ih.., 18. 138, 1902; A. Maasst'n, .irh. Kaisrr. 
Cfsiindh., 18. 475, 1902 ; A. Ni'mee and V. Kus, Conipt. Jl*nd., 171. 746, 1920 ; J. Sloklasa, lb., 
174. 1075, 125<i, 1922 ; Bioehem. Zeit., 130. 601, 1922 ; B. 'rnrina, //>., 129. .707, 1922 ; G. .louehi- 
mogln, ib.y 107. 300, 1920; G. Joaeliirnoglu and VV. Hirose, ih.. 125. I, 1921 : F. Ltdunnnn, v/> , 
134. 390, 1923; F. *Sace, Journ. Pharm. Chim., (3), 12. 442, 1847 ; Ann. ('him. }*hi/.s\, (3), 21. 
] 19, 1847 ; V. Li'iiher, Jo'iirrt. Amcr. ('hem. Sac., 20. 55.5, 1898 ; A. Voninasos, Bn., 43 2272, 
1910 ; K. M. Loiigie and B. S. Hopkins, Jonni. Ind. Fng. ('hem., 17. 4.56, 192.5 ; N. M. Shod* at\d 
B. S. Hopkins, ih., 19. 510, 1927 ; 1*. Cl. (Ihahrie and I.. Uipi( (|iu*, ('utnpl. Ui nd., 110. 152, IS90 : 
F. Keyssnor, Zivit. Chemoth rapie, 11. 188, 1911. 

* Ij. Pieverltng, Bar., 9. 1469, 1876; A. Mieli;n lis and F. K uruikell, d)., 30 282.5, l807 ; 
.V. Miehaelis and B. Landniann, Liebig's Ann., 241. J50, 1887 ; L. .laek^nn, ift., 179. 1, 187.5 , 
Bn.. 7. 1277, 1874; 8. 109, 1875; W. J. Hope and A. Ne\j||.>, .ff,n,n. ('lam Sot., 81. 15,52, 
1902; K. B. B. IVideaii\, ib., 89. .32.3, 1906; B. Kathkt', Lt, big's Ann.. 152. 181, 1869; 
M. Scljoltz, J){e optisrh-atdir< n Verbindungt n des Schweftds, St/nas^ Ztnm. SiUzinms und Shrl 
staffs, SGitlLiart, 1907; R K. (Joldd.ein, jtmrn. Soe. Clum. Ind. — ('he)n. Ind., 44. lOll, 192.5; 
.M. Padoa, Ctrzz. ( him. Pal., 52 ii, 189, 1922 ; 3'. M. Low ry, ./< a////. St)c. ('Ik nt. Ind. - ('htm. Ind., 
46. 72, 102, 1927 ; W. J. II. Il<‘nley and S. Sugflon, Journ. ('htm. Soc.. 1058. 1929 ; W. IL (5i> 
thwaite, J. Kenyon, and H. JOiillipH, ib., 2287, 1928; (). K. Kdwnrds, W. IG G.i\tliuaile, 
.1. Kenyon, and H. Rinllips, tb., 2293, 1928 ; Y. 'ranaka tiiid \ . Xayai, /Ver. Jttpan. Imp. \<afl.. 
5. 78, 192!l ; G. 3'. Morgan and F. H. Bonstall, Journ. ('hnn. Stm., 1096, 2197, 1929. 

J. d. Jlei/.(“liu.s, Pogg. Ann., 8. I, JS26; K. Mit.selieiheli, ib., 9. 623, 1S27 ; F. Sfn<-. Ann 
Chim. Phys., (3), 21. 119, 1847 ; J. B. A. Dumas, ih.. (3), 55. 186, 1859 ; A. SolndlluM*, Sttzber. 
ALud. 11 6. 214, 1851 ; (). L. Erdmann and IL F. Marcliand, Jount. pmhl. ('hnn., (I), 55. 

193, 1852 ; C4. Eknian and O. lVtterR.son, Bn\, 9. 1210, 1876 ; Bull. Sor. ('him , (2), 27. 205, 1877 ; 
IJeduir das AtonigrudrlU des Srletis, Up.sala, 1876 ; V. lA*nlier, Journ. tmer. Chem. Soc., 20. 555 
1898; F- W. Glarke, Amcr. Chem. Journ., 3, 26.3, 1881 ; PkH. (5), 12. 101, 1881; .1 

Becalculation of the Atomic Weights, Washington, 381, 1910; J. Jannek, Bint ne.uc BtsLimmumi 
diS Atomgewh'htes des Sdens, Breslau, 1913 ; J. Janm-k and J. Meyrr, Bn ., 46. 2876, 1913 ; Zt t( 
anorg. ('hem.. 83. 51, 1913 ; J. Meyer, ib., 31. 391, HM>2 ; Studit n nfn r Schinff! nml Soh n and 
IUdnr einige. VerbIndnngenditser Blenu.nte, iiroAnu, 190.3 ; Znf.FbUrnrhnn., 19. 833, J9J3 ; Bt r., 
35. J591, 1902 ; O. tSteiiier, ib., 34. 570, l*H)l ; I*. Bniylants and A. liytehior, Bull. .Acad. Belg., 
85r>, 1912 ; 1\ Bruylantsand .1. Dondeync, ih.. (5), 9. 387, 1922 ; 1’. Hrnylard.s, l'\ Lafortune, arul 
Ij. V'erbrnggen, Bull. Sue. Chim. Btlg., 33. 587, 1924. 

^ F. W. Aston, Nature, 110.664, l*>22 ; Phil. j\Iag.,{i\), 49. 1191, 1925; G. l\ Smyth, ib., {<»), 
50. 361, 1925; G. D. A'iven, ib., (7), 3. 1314, J927 ; F. Kuthertord and J. Chatlwu^k, Natun, 
113. 457, 1924 ; N. Doin', Nature, 112. Suppl. 1923 ; M. L. Huggins, Journ. Phys. Chem,, 26. 601, 
1922; H. Petlersson and G. Kirseh, Atomzertruinmerung. Jweip/.ig, 104, 1926; Sifzber. Akad. 
Wi( n. 134. 491, 1925 ; H. <L Grimm and A. Sommerfeld, Zt-ii. Phgstk, 36, 36, 1926 ; A. L. h'oli y, 
Pror. Indiauti Aead.. 34. 18.5, 1925 ; H. Gollin.s, ('hem. Neu's, 128. 108, 1924 ; H. Miiller, Sit Jar. 
Akad. Wan. 135. 56.3, 1926 ; S. Meyer, Nalunois't., 15. 623, 1927; (LI. Pokrowsky, Ztit. Physik, 
57. 5(j0, 1929 ; W. Ki^tiakow sky, Zed. phys, ('hnn., 137. 38:{, 1928. 

’ F. W't'l/, Ctiuani J'at., ]>,Ii.P. 63558, 1892 ; 74565, JMlIl; J. 11. Kiak. Jonru. Anal. 
Cir. Sue., 12. 53(», 1929; A. (danger, Trans, (dr. So^., 21. 89, 1922; ,1. II. 1‘olgrean, ib., 213. 
87, 1929 ; 5V. D. 'rivadwell. lit r. Fund., 20. 220, 1912 ; F. Kjiv/o, Spnth., 45. 214, 227, 1912 ; 
P. I'eiiaioli, A7V/./<//., 16. 55, 1915; ( hnn. Ztg.,33. 1149, 1912. 

S. ('. Lind, 'Ttans. Paiatbuf Stte., 22. 289, 1926; A I). Litllr, ('htm. Tiath Journ., 76. 233, 
1925; F. <L ('rixker, Jonrn. Inti. Kng. ('htm., 17, I(i3, 1925; \. i^cndier, Titins. Amer. Inst. 
Min. Md. I’Jng.,33, 1035, 1!I23; ('hnn. Mtf. Bug., 22. 1106. 1920; ('. Dirloms, T.S. Pat. No. 
1536779, 1925; ('hnn. Mt-f. Bngtp, 32. 413, lt>2.5 : S. i\L Lnujci* and D. S. Hopkins, 
Ji'itrn Ind. Bug. ('hnn., 17. 4.56, 1925 ; (L M. l^yb^on, f7o'/a. /L//. 18 IT, I92S. 


6. Hydrogen Selenides 

»l. J. HorzeliiiH ^ discovered hydrogen selenide, in 1817, io hi.s study of 

tbe jirtiou of )jydirx'ldoric acid on pola-ssimn and ferrou.s seleuides. Jt I'lni In* 
obtained by tloi direct union of the elements, IL lladiefouitle prcjiared tln‘ 
by lieatino selenium and hydrogen in a sealed tube at 44(1'; F, Jones, by heating 
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.selenium and hydrogen at ordinary atm. press.; and B. Corenwinder, }>y paHsing 
a mixture of hydrogen and .selenium vajioiir over ])uiuice-stone at 440'^ 
M. G. Weber obtained the best yield with the pumice-stone at 350^. The yields 
were 13-7 per cent, at 300° ; 48*2 ]>er (-(‘tit. at 325''; 58-0 ])er cent, at 350° ; 53*8 per 
cent, at 375° ; 50*7 per cent, at 40(J° ; and 44-0 per cent, at 450°. To ])urify the 
gas, it was first passed through a cooling tube to condense the -selenium vapour 
and then condensed to a solid by cooling in liquid air, and fractionally sublimed, 
W. Hempel and M. G. Weber recommended this mode of ])re]>aration. P. Bruylants 
and A. Bytebier said that the gas, dried by phosphorus pentoxide, can be condensed 
in a freezing mixture of solid carbon dioxide and ether, and jiuritied by distillation 
and sublimation. J. J. Berzelius collected the gas over mercury, and P. Bruylants 
and A. Bytebier added that if moisture la* cKcluded the gss does not attack mercury. 
F. Wohler and H. Uelsmann prepared the gas by passing a slow current of hydrogen 
over selenium heated to the temp, at which it vaporizes ; and K, Januario added 
that the union does not occur at 350°, and the hydrogen selenide can be detected 
only when the selenium is near its b.p. This is not quite right, for A. Ditte, and 
H. Pelabon observed that the union of the two elements occurs in the neiglihourliuod 
of 250° ; that the speed of the reaction increases })ro}K>rtioiuilly with a rise of temp, 
up to about 500° when the proportion of hydrogen selenide whicli is formed attains 
a maximum, for there is a decrease in the proportion formed as the temp, rises beyond 
this value. Thus, the proportion of hydrogen selenide formed from its elements 
was found to be : 

203" 250" 305" 350" 440^ 500" 520" 500" G40" 

IT.So . . 0 G*8 22-4 37*8 51*7 GO-7 G3-0 47-8 43-J 

and the presence of porous substances facilitate the reaction. He also showed 
that the reaction H 2 - 1 -Se— HoSe is reversible for hydrogen selenide, even at 150° 
sufTers a slight decomposition; the proportion dissociated increases towards 270° 
and then decreases as the temp, rises until a minimum is reached at about 500°. 
Beyond that temp., the proportion dissociated increases as the temp, rises. Thus : 

155" 203" 250" 272 5" 305 325" 350" 140" 

H,Se . . 37-0 27*7 24G 20-2 22-G 28-0 37-9 51-7 

H. Pelabon showed that the results observed by A. Ditte are affected to some extent 
by the absorption of hydrogen selenide by the liquid selenium. He said that the 
maximum proportion of hydrogen selenide formed is about 41 per cent, at 575°. 
He therefore worked with the smallest excess of selenium, and obtained the resiilt.s 
summarized in Fig. 32, For the fractional part of hydrogen selenide in the gas, 
that is, the ratio of the partial press, of the hydrogen selenide, total 

press, of the hydrogen, pi, and the hydrogen selenide, H. Pelal)on found for the 
formation of hydrogen selenide (curve BO, Fig. 32) ; 

3.50" 380" 440" 470" 480" 500" 608" (320" (3(30" 705" 

* 28-40 28-30 35-16 37-5 38-12 39-20 4M0 39-8.5 39-1 3 800 

For the thermal decomposition of hydrogen selenide (curve BC, Fig. 32) : 

350" 440" 480" 600" 

• • 22-50 34-69 40-73 39-GO 

Tiie ratio of the partial press, of the hydrogen, pj, to that of the hydrogen selenide, 
1 ) 2 , can be represented by log (pi/p2)--13170‘3r~-i+15*53 log Y+119-88, where T 
denotes the absolute tern])., and this agrees with the observed results. It follows 
from this that the ratio p/ip^+p^) is a maximum when the temp, is 575°, a result 
confirmed by observation. The maximum at 575° indicates that the heat of forma¬ 
tion of hydrogen selenide is zero at this temp.— vide 2. 18, 4. The calculated value 
-17*38 Gala, is in agreement with C. Fabre's value —18*0 Cals, at 16°. Above 575° 
the heat of formation should be positive and below that temp, negative. The 
lowest limit at which any direct formation of hydrogen selenide can be observed is 
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250® (Ei Fi^. 32) : and at 270®, the ratio jf-jHp] |-y>2) nearly 0018, wlietlier tlie 
system he heate<l for 490 lirs. or a moiiih. When hydrogen Relenidc is kept foi 
192 hrs* or 490 lirs. at 270’, this ratio is near 0*1(>, vvliereas tlic cnjuation for 
log (pilp^i) requires the value O-lO. 

At still lower temp., the curve 
UBy Fig. 32, is produced. in 
agreement with P. Duhern, H. Pe- 
labon assumes that the above 
equation represents hi liqtu^ drs 
equilibres veritable —ABC\ Fig. 32 ; 
while the curveseparates the 
region in wliich hydrogen sekmide 
decomposes from la reqion dr^ 
faux eqnihhres, where hydrogen 
selenide is neither decomposed nor 
formed directly from its elements, 
and the curve EB se])arates the 
region in which hydrogen selenide 
is formed from its elements from the region of lake erjuilihrium. M. ]k)denstein 
denied H. fVlabon’s conclusion that true e(juilil>rium in the reaction H»*hSe- H_jSe 
occurs only a])ove 350®, and that both the formation and d(*composition of hydrogtni 
selenide comes to a standstill short of the point of equilibrium. M. Bodenst(‘in 
found that the reaction is catalyzed ]»y the dej)osit of selenium in the containing 
vessel, and that the decomposition of the selenide ])roceeds slowly until selenium is 
deposited whcTi tlie speed is much accelerated. The }>rogress of the reaction 
follows the mass law dxjdt - k(a--x)--kix, when a denotes the initial cone, of the 
hydrogen ; or, if ^ denotes the maximum value of x at tlie point of equilibrium, and 
the initial cone, of hydrogen unity, k--{^jt) log —r). With half the bulb 

coated with selenium, /(;-^0-000119, when completely coated, 0*000251 ; and 
an increase of surface relatively to the vol. raises k to 0*000527. This shows that the 
process is mainly a wall-reaction. True equilibrium is attained t^ven below 320®, 
thus: 

‘27 4“* ;ioi" 

. (Formation .... 0*1.‘{KS () l()a2 0 20.")2 

^ (Decoii^position . . , 0-1^91 0 1701 0 2010 

M. Bodensti'in could not confirm H. Pelabon's minimum dissociation at 570®-- 
vide supra^ Jiydrogen sulphide. H. Pelaboii examined the influence of pressure 
on the union of hydrogen and selemum in sealeti tubes. The ratios pf(pi \-p 2 ) at 
020^ for press. 520 nun., 1270 mm., 1520 mm., and 30,100 mm. were res})cctively 
0*405, 0*402, 0-42, and 0*423. At 575® for ])ress. of 678 mm. and 1380 mm., the 
ratios were 0-39 and 0*403 respectively. At a much lower temp., namely, 310®, 
and press, of 580 mm. and 1520 inm,, the ratios were 0*214 and 0*23 respectively. 
It follows, in agreement wdth the ordinary theory of dissociation, tliat, as A. Ditto 
has already observed, an increase of press, increases very slightly the quantity 
of hydrogen selenide produced at a given temp., and the e.fl‘cct of press, is less the 
higher the temp. An increase of press, increases the rate of formation of the 
hydrogen selenide. N. N. Beketoff and N. A. Czernay found that 47 per cent, of 
hydrogen selenide is dissociated at 440®, and that in the series H2O, 112^, and 
the percentage dissociation at any temp, is greater the larger tiic mol. wt. of the 
compound. 

A. Pleischl said that when moist selenium is sublimed, some hydrogen selenide is 
formed. E. Traiitmann said that reducing agents transform selenium into hydrogen 
selenide ; and P. Hautefcuille observed that red or black selenium is transformed 
by hydrogen iodide into hydrogen selenide ; the former process requires 2*14 Cals, 
per eq. {i.e. 40*7 grms.) of hydrogen selenide, and the latter, 2*70 Cals. If cone, 
hydriodic acid and selenium be heated in a sealed tube, hydrogen selenide is formed, 
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l>ut the \’OR.s(‘] eoois, Jiydriodic acid and crystalline selenium are produced. 
J. »1. Jierzelius ol)tained hydrogen selenide when selenium dissolves in acids. 
M. E. Pozzi-Escot found that hydrogen selenide is formed by the action of the 
hydrogenases—r.//. ])hilothion on selenium. A. Etard and II. Moissan prepared 
hydrogen selenide by heating seh*nium with a hydrocarbi.m—c.,7. volophene because 
its b.p., 300, is a})Ove the m.p. of selenium. The reaction takes place in two stages — 
first, a substitution })roduct is formed, and this is subsequently decomposed. Only 
a mixture of carbon and un.iltered <'olopliene is left at the erd of the o])e*ration. 
M. 0. ''.Vebor said that the yield is pf>or ; tin* gas f>roduced contained 3()'8 [)er ceT«t. 
of hydrogen selenide along with 10*7 per cent, of nitrogen ; 6*6 of hydrogen ; 13*0 
of methane ; 24*1 of carbon monoxide ; (>*5 of carbon dioxide ; 0-7 of oxygen ; 
and 7*0 per cent, of other hydrocarbon gaM‘s. 11. Wuyts and A. Stewart used 2)araHin 
wax at 33r)°~34(P. A. C. Vournasos found that wlien a mixture of selenium 
and sodium formate is lieated to KM)’, s('lenium hydride is formed in limited yield 
owing to decom])03ition of the gas. 

J. J. Berzelius foiiud that when potassium or ferrous selenide is Avarmed witli 
liydrochloric aci<l, liydrogen seleiddo is given f)lT,and it can be collcctedover mercury. 
E. Divers and )S}iiniiclzu said : 

In pnjparing the st Imidi' ifijniiiMl irntl OimI tiui (’Oinnioii pi-oMiss of jn-c'- 

])iirin)L!: liydro^ic'Ti snljjliidc.. An iron si Imidi waslirst niado )>\ projectinu into a blackdoad 
pot, taaitod ui a wind-furnai e, a nu.Kturo of wrou;j^ld-non filings and Holrninin. In this 
ojwration most of th<i soii'iiium was dissipali'd in vapoui-. Wlum tho iron had ^rown hot 
more soleniuiii w'as added which combined with tlie iron with verv* little loss, causing vivid 
ignition and complete liquefaction of Iho whole. The fluid compound was r m into a mc.uld 
and cooled. The solid mass thus ohtamc'rl wnis iiidLstmgui.shable in appearance from iron 
sulphide similarly j^rojiarod. Not l)eing very sensitive to the action of acids, it was ]>ow(lore(l 
before being put in the ajiparatus feu- generating the gas, and then warmed with dil. h>dro 
eliloric acid. This gave a steady stream of gas. 

M. G. Weber obtained better yield t of hydrogen selenide by this process than by 
any of the others tried ; but only about half the selenium employed in jirejiarbig 
the iron selenide is recovered as hydrogen selenide because some of it is consumed 
in the formation of selenium-iron compounds which do not give hydrogen selenide 
with acids. H. Foiizes-Diacon obtained hydrogen selenide by the action of w^atm* 
on ahiminiiim s.-Vnide ; P. I^ruylants and co-wrorkers found the product is of a 
high degree of purity. R. do Forcrand and H. Fonzes-Diacon recommended this 
process, using water previously boiled to ensure the absence of air, and keeping the 
aluminium selenide in excess ; P. Pruylants and A. Pyteliier also said that this is 
the most satisfactory way of preparing the gas ; and L. Moser and E. Doctor slowly 
dropped the selenide magnesium or aluminium for |:u‘eference into dil. acid. 
A. Burger and M. W. Neufeld employed an apparatus for jireparing the gas on tin* 
plan of the hydrogen sulphide generators. H. Hahn, and B. Rathke obtained 
liydrogen selenide by the action of w^ater or steam on phosphorus pentaselenide, or, 
according to W. Bogeii, by the action of alcohol on the pentaselenide. W. Becker 
and J. Meyer obtained the pentaselenide by intimately mixing and heating 11 grms. 
of phosphorus and 6(5 grms. of selenium, and when this is mixed with water and 
warmed a litthi a stream of the gas is given off. If alcohol or a mixture of alcohol 
and water is cmjjloycd, the current of gas is feebler. M. G. Weber found that the 
yield is poor. L. Moser and E. Doctor prepared the gas by dropping alutniniiim 
or magnesium selenide slowly into a dil. acid. F, Ephraim and E. Majler found 
that when the selenophosphates are dissolved in water, jiarticiilarly warm water, 
they are docornjiosed with the evolution of hydrogen seh aide : M3PSe4d-4H.20 
=M3P04*f-4H2Se. M. G. Weber said that the yield of gas is poor, and the seleno¬ 
phosphates are not often available. M. G. Weber tried to make hydrogen selenide 
by the electrolysis of 50 per cent, sulphuric acid using a selenium cathode, as in the 
case of hydrogen telluridc, but he observed only a disintegration of the selenium; 
no hydrogen or hydrogen sehniidc was formed. 

J. J. Berzelius described hydrogen selenide as a colourless gas w^hich smells 
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Romctliin^ like hydrogen sulphide, hut subsequently ])roduces dryness and a pungent, 
asbriugent, and ])ainful sensation m all parts of the mucous membrane of the nose 
with which the gas has come in contact; a bubble of tiie gas no larger than a pea 
produces inflammation of the eyes; destroys the sense of smell for several hours; and 
frequently brings on a cold in the head or a dry, painful cough ^\hich lasts a fort¬ 
night. It. de Forcrand and H. Fonzes-Uiacon said that hydrogen selenide is more 
toxic than the sulphide or telluride. P. Bruylants and A. Bytebier found that the 
weight of a litre of hydrogen selenide under normal conditions is 3-6715 grms , and 
later, P. Hruylants and co-workers gave 3*6624 grms. as the mean of 53 determina¬ 
tions. At 1, 0-6, and 0-3 atm. press., respectively, P. Bruylants and J. Dondeyne 
found 3-6721, 3-65732, and 3*6440 grms. for the wt. of a normal litre R. de 
Forcrand and H. Fonzes-JOiaoon gave 2-12 for the Sl^cific gravity of the liquid at 
its b.p. ( — 42''), and for the molec^ar volume of the liquid, 38-11. F. Rabinowitsch 
gave 38*3 for tlie mol. vol. H. Rerriy discussed the structure of hydrogen selenide. 
P. Bruylants and P. Dondeyne found for p- 1*0000, pe—l-OCKX); for j) ()-6(KX)0 ; 
pr 1-00401 ; and for p *0-3, pc^r-l-00761); for the cooil. of compressibility, 
0-00()0573; and for the deviation from Boyle's law, .4-1 between' 

n and I atm , A(,' 0-1083 when cahmiated ]>y (Juye’.s nudhod- 1. 5,8 and 0-1302 

wImmj (alculated from direct measurements of pr. K. Olschewsky fcnind tliat tlie 
gas at 0"" licjiieties under a press, of 6-6 utin. ; at 18^, 8-6 atm. ; at 52"^, 21-5 atm. ; 
at lOO"", 47-1 atm. ; and at tlie critical temp., 137‘^, 91-0 atm. C. J. Smith found 
tlie viscosity of the gas at 20'' to be 0-000168, and he calculated S.utherland's constant 
to be 365. The mean collision area of the mol. is 0*98 x 10^^ sq. cm. lie also made 
some sjjcculations on the electronic structure of the molecule. K. Olschewsky also 
found that at —68'\ the liquid freezes to a solid, which, according to R. de Forcrand 
and H. Fonzes-Diacon, has a melting point of —64^. They also gave for the vapour 
pressure at ~ 42one atm. ; at —30'', 1*75 atm. ; at 0-2"’, 4-5 atm. ; and at 30-8“, 
12 atm. P. Bruylants and J. Dondeyne gave for the vaj). press., p mm.: 

7S OJ 70" -44:J''> 4120" 35 08" -25 50“ -20 77" 

I) . S2 81) 2o:) :)3 400 55 654-51 *700 83 042 41 1464-00 1709 0 

K. Olschewsky gave 41" for tlie boiling point at 760 mm. ; P. Bruylants and 
J. Dondeyne, -41 -2°; and R. de Forcrand and H. Foiizes-Diacon, —42°. The critical 
temperate found liy K. Olsehew^sky is 138°, and the critical pressure, 91 atm. ; 
wliile R. de Forcrand and H. Fonzes-Diacon gave 137°, and 91 atm. P. Bruylants 
and J. Dondeyne gave for the triple point - 65-9° and 203 mm., and for the latent 
heat ol vaporization, 4-76 cals, per mol. at -41-2"; while R. de Forcrand and 
if. Fonzes-Diaeon gave 4-74 Cals., and for Trouton’s constant, 20-52 indicating that 
the liquid is non-associated. They also emphasized the analogies between the 
physic'al constants of hydrogen selenide and sulphide, and the dissimilarities with 
those of water <’f. 1. 9, 7. M. Berthelot gave for the heat ol formation (ILSe^as) 
“--2-0 Cals. R de Forcrand said that if the mol. of selenium is Seo at its b.p., 
and the latent heat of vaporization 14-805 Cals., (ScgasjHpgas) =—4*805 Cal., 
but if the constitution of the selenium molecule changes with temp., the heat 
of formation of hydrogen selenide may become positive. M. Berthelot said that 
the formation of hydrogen selenide at 0° absorbs heat—5-4 Cals, with ^-selenium 
and 4-2 Cals, with y-selenium —and at 1000° heat is developed. C. Fabre oliserved 
that the decomposition of hydrogen selenide by ferric chloride,.hydrogen dioxidts 
and selenium dioxide is attended by the evolution of — 18-76, —18-58, and 19*13 
(’als. respectively -the nu'an value for the.gas is —18-88 Cals. f(»r vitreous selenium 
and 13*22 Cals, for metallic s(‘leniiiin. For the lieat of formation (d the gas 
from vitreous selenium he gav^e —18*90 (’als. H. Pelabon calculated —17*38 Cals. 

L. Rolla obtained for amorjihous sehmium - 16-0256 Cals. ; for monoclinic selenium, 
17-075 Cals.; and for metallic selenium, -17*455 Cals. The subject w^as studied by 

R. de Forcrand. .C, Fabre gave 9-26 Cals, for the heat of solution. A. J. McArms 
and W. A. Kelsing found that the heat evolved when a mol of liydrogen selenide is 
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dissolved iii water at 25is 2431 cals.; and tlie increase of free energy of the reaction 
H 2 Sesoin.-^H:>^egafi at 760 mni. is 1421 (al.^ 

K. dc Foreraud and H. Fonzes-Diacou found lli.it ])uritied liydrogeu sulidude 
showed no evidence of decomposition aft(*r being ke])t over mercury for 3 days 
in darkness, but in light, only 15 per cent, remained at the end of 7 days. 

L. Moser and E. Doctor, however, said lhat when gaseous or liquid hydrogen 
selenide is of a high degree of purity, it is not deannjiosed in daylight, but it is 
sensitive to ultra-violet light. M. G. \\\‘ber said that the decomposition of hydrogen 
selenide, in quartz bulbs exposed to the light from a mercury lamp, begins in tw’o 
minutes, and the walls of the vessel are very soon (‘overed wuth a lilm of selenium. 
The decomposition is complete. 

M. de Hlasko found the mol. electrical conductivity, /a, of aq. soln. of hydrogen 
selenide in an atm. of hydrogen at 25' to be : 
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The ionization constant, /•, has the nusan value O-oooiss ; and the degree of ioniza¬ 
tion, a, lias tlie values just indieabsl. L Bruner fouml that an aq. soln. of hydrogen 
selenide is more aeidic than one of hydiogeii suljihide ; and under atm. ])res' 2 ., it is 
ionized to the extent of 4*1 per cent, and has an affinity Constant of 0-()(K}17. 
H. Fonzes-Diacon found that the gas explodes when subjected to electricsparking, 
selenium is deposited, and an equal vol. of hydrogen is produced. M. Berthelot 
found tliat wuth the silent discharge, hydrogen selenide is decomposed as in the 
ca 8 <^ of hydrog<*n sulphide : 8 il 2 ^<‘ f JL^e,^ | (8 n)Se, J. K. Syrkin studi(‘d 

the alomir moments. 

J. J. Berzelius analyzed the gas by treating it with silver so as to form silv^er 
selenide and hydrogen. I'he results agreed wdth the formula H^Se. A. Bineau 
obtained similar ri'sults by warming hydrogen selenide with tin. R. de Foreraud 
and H. Fonzes-Diacon said that when hydrogen selenide is of a high degree of purity 
and (juite dry, it is more stable than would be anticipated from its marked 
endothermal nature. J. J. J3erzelius said that the gas forms water and selenium 
w^hen it eorni's in contact wdth air and moist substances, and if those substances are 
porous like paper or wood, they are throughout stained red by tlie selenium. 
L. Moser and E. Doctor found that if the dry gas is in contact with dry oxygen, 
there is no reaction, but in the presence of moisture decomposition is rapid. 
According to A. W. Hofmann, tlic gas burns with a blue flame, forming, when oxygen 
is in excess, water and selenium dioxide, and when a lower proportion of oxygen is 
jiresent, water and selenium are formed. Y. Tanaka and Y. Nagai found that the 
upper limit of infiamraability of mixtures of hydrogen and oxygen is lowered, and 
the lower limit is raised by admixture with hydrogen selenide or ethyl selenide. 
J. J. B(‘rzelius said that water absorbs the gas more copiously than is the case 
with hydrogen sulphide, but R. de Forerand and H. Fonzes-Diacon observed that 
lOT) vois. of whaler absorb 377 vols. of hydrogen selenide (reduced to n.p. 6) at 4*^; 
345 vols. at {)d>5" ; 331 vols. at 13-2" ; and 270 vols. at 22*5°. A. J. McAmis and 
W. A. F(‘lsing found for the solubility of hydrogen selenide at 760 mm. press., in 
water : 

14 r IV .s.". 0 

Mols per litre . 0-09789 O-IMMill 0-0841.) 0-08277 0-07.217 

C.c. p<‘r litre . 2194 2154 1880 1855 1040 

The solubility, of S c.c., of hydrogen selenide in a litre of water witli 
hydrogen selenide at 760 mm., between 15^ and 35°, can be represented by 
>S'=31940'93—17537T-f*0‘25T°. J. J. Berzelius said that with air-free water, the 
soln. is colourless, an4 has a faint odour, and hepatic taste; it reddens litmus, 
and produces a permanent dark-brown stain on the skin. When the soln. is exposed 
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to air, it bt^comes turbid and red. The chanpjc progresses from above downwards, 
and at length tlie hydrogen selenide is completely decomposed, and the selenium is 
precipitated in red Hakes. E. Divers and T. Shimidzu added tliat an aq. soln. of 
liydrogen selenide is v^ery much more sen.sitivo to the action of air than one of 
hydrogen suljdiide. According to H. de Forcrand and If. Fonzes-Diacon, hydrogen 
selenide, like hydrogen sulphide, forms colourless crystals of a hydrate, H2Se.??H20 — 
probably IL^Se.GHoO. The liydrate does not exist at temp, over 30 ". The lieat of 
formation is lG-82 I’he vap. ])ress., is 760 mm. at 8°, and at 

ir i.V U) ItP i>2" 

p . . . :U(; 4:^2 4!H> r>U7 TIH ltl4 3800 SlUiOimn. 

The hydrate seems to form coin])lext's with alkyl halides. Ac(‘ording to L. Rolla 
and A. He{)etto, the ecjuilifiriuni conditions in the balanced reaction with iodine: 
H^Sed'Lv -HI H 'P <lenotes the barometric })res.s., t}i(‘ vap. ]>res.s. ol 

iodine, and p p^^ p^- 6*5 ; and U,, Cj, and fV respectively denote tlie jnol. cone, 

of hydrtigen iodide, hvdrogen selenite, and hvalrogtm, p S)-/(Ui4 f 2 
and at 0*F", h)g k ‘1*4()7l'l to 4-40881 ; at i7^ log k - 4-23485 to 4-23628 ; and 
at 27"", log k 4*i3t)85 to 4-13801. The heat of this reaction —left to right is 
- 3-953tj5 (Jals. F. Hautefeiiillefound that iodine deconqioses the aq. soln., forming 
hydriodic acid, aiul selenium, which unities with the excess of iodine. A. J. Mc.\ini^ 
and W. A. FtHsing found that the solubilities of hydrogen selenide at 25'' and 760 mm. 
in hydriodic acid, 0-20A^-, 0-40A^-, and 2-73A^-Hl, are resi>e(‘tively 1900, 1935, and 
2168 c.c. per litre, or 0-08478, 0-08631, or 0‘110l2 mots per litre. K. Divers and 
T. Shimidzu observed that wdien sulphur, free from sulphur dioxide, reacts at once 
wuth an aq. soln. of hydrogen selenide, or by bubbling the gas through water with 
suljihur in suspension, the sul[)hur is instantly coloured su])erticially, at first orange- 
red, then dee])-red, and lastly, by a jirolonged action, dark browui-red. liydrogen 
sulphide is simultaueously formed : H2Se-j S Se + H2S. The reactions fietween 
hydrogen sulphide and selenious acid, and }>etween sulphuTous acid and hydrogen 
selenide, are rather complex. When a cold, dil. soln. of selenious acid is treated witli 
hydrogen sulphide, a lemoii-yellow% pulverulent ]>reci])itate is formed containing 
sulphur and selenium in the projiortions 2 : 1. The reaction may be symbolized : 
2H28-|-H2Se03«.>2S+Sen 3H2O. If the precipitate is left for some time moistened 
w’ith carbon disuljihide, it forms transparent orange-red scales with the corn- 
])o8ition HeS, and the excess of sulphur is removed by tlie solvent. E. Divers and 
T. Shimidzu continued : If the soln. of selenious acid be warm, the precipitate wuth 
hydrogen suljihide is plastic and red, but another reaction also occurs, f(>r suljiliuric 
acid is formed, and the projiortion of sulphur in the precipitate is less than 2-1, 
and this the more the higher the temp, of the soln. The reaction may be repre¬ 
sented : H2S-l-^H28e03 ~H2^D4 f 2 SeIf hydrogen selenide be jiassed 

into a soln. of sulphurous acid, an orange-red preupitate of suljihur and selenium, 
approximately in the ratio I ; 2, is formed. When a dil. soln. of sulphurous acid is 
gradually added, with constant stirring, to a cone. soln. of hydrogen selenide, 
selenium, quite free from sulphur, is precijiitated. Tlie precipitate is at first deej) 
red, but, in the presence of hydrogen selenide, it changes to a brownish-red colour: 
3H2Se+H2S03~3Se-f H2S4‘3H20 ; the hydrogen sulphide then reacts with 
the sulphurous acid depositing sulphur: 2H28+H2SO3—3S-[-3H20, and this 

results in the formation of a precipitate containing a mixture of sulphur and 
selenium approximately in the projiortion 1 : 2, This mixture has beeji called 
sulphur diselenide. If an excess of hydrogen selenide be used, the sulphur is attacked 
as indicated above, and a precipitate of selenium alone is formed. Some selcnio- 
thionic acid, but not pentathionic acid, Ls formed at the same time. H. Ptdabon 
observed that molten selonium absorbs hydrogen selenide —vide supra. A. Ditte 
showed that by mixing aq. soln, of selenium dioxide and hydrogen selenide, ])ale- 
red selenium, soluble in carbon disulphide, is precipitated, and if the precipitate 
be kept moistened with carbon disulphide for 2 or 3 days, it forms ruby-red crystals 
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of seleiiiuui. At an elevated temp., Iiydrogen selenide and the sola, of selenium 
dioxide form black selenium. 

J. J. Ber5;elius said that the aij. sohi. of hydrogen selenide is not decomposed 
by a 'Htlc nitric acid in 12 hra. H. Fonzes-Diacon said that hydrogen selenide does 
not form a compound with phosphine. A. Besson represented the reaction witli 
phosphoryl Chloride at 100^ 4POCi3+5H.Se .10HCl+Bi>^Se5 I ^PO^Cl. A. Besson 
also found that Iiydrogen selenide is soluble in carbonyl chloride ; and when a 
mixture of the two is heated in a sea](‘d tube at 200°, hydrogen cliloride and carbon 
monoxide are formed, and at 230 \ the selenium unites with the excess of carbonyl 
chloride, forming selenium cliloride. E. Divers and T. Shirnidzu said that hydrogen 
selenide quickly permeates black, vulcanized rubber, turning it red, and this, no 
doubt, by a reaction with the contained sulphur. 

I. Guareschi found that iiydrogen selenide is readily absorbed by SOda-lime. 
For the action of the gas on various metul Oxides and inetul SSltS, xnde wfni, 
selenides. 

J. J. Berzelius said that selenium unites directly with all the metuls he tried with 
the exception of gold, forming selenides, analogous to the sulphides. A. Orlowsky 
observed that selenium lias the greatest aflinitv for the alkali metals ; and among the 
lieavy metals it lias the greatest allinity for silver ; its alliiiity for copper, merenry, 
iron, and lead is markedly less ; and it is quite small for jilatiuurii, chromium, 
aluminium, and magnesium. E. Obaeh said that zinc does not act on soln. of 
selenium in carbon disulphide, tin acts only slowly, wliile mercury, silver, copper, 
and lead act readil3^ Mercury is coloured brown by a soln. of 0-074 grm. of selcuiium 
in 20 c.c. of carbon disulphide. K. J. Moss found that if selenium lie jilaxjed in the 
va<‘uum produced by a mercury jium]), it becomes covered ^\ith a conducting film ; 
and a similar result is obtained by dipping a bar of selenium in mercury. According 
to A. Bineau, impure mercury decomposes hydrogen selenide and at the same time 
acquires a copper-red cfjloiired film. As indicated in connection with the prepara¬ 
tion of hydrogen selenide, the purified gas, in the absence of moisture, does not 
attack mercury. As shown by J. J. Berzelius—-in the case of cerium, manganese, 
and zinc--soln. of the metal salts usually give brown or lilack precipitates of th(‘ 
selenides (q.v.) when treated with hydrogen sulphide. 
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§ 7, The Selenides 

A. F. llallimond ^ discussed the isomorphism of the sulphides, selenides, and 
tellurides. J. J. Berzelius observed that when a mixture of aiumonium chloride 
and <*alcium selenide is distilled, besides ammonia and selimium, there is formed a 
red liquid having a strong hepatic odour; when mixed with an excess of water it 
firoduces a red turbid mixture ; and when exposed to air, ammonia and water are 
(jvolved, and selenium precipitated. The composition of the liquid is not known. 
According to A. Bineau, a mixture of an excess of dry hydrogen selenide and dry 
ammonia, one vol. of the former unites with one vol. of the latter to furnish a white 
cloud of ammonium hydroseleuide, NH 4 .{SelI, the cloud forms a white mass 
wjiich smells of hydrogen selenide and ammonia. When heated, or ex])osed to 
air, it decomposes rapidly with the separation of selenium. C. Fabre gave for the 
heat of formation of the solid from metallic selenium, (N,5H,8e) =28*85 Cals. : 
(NHgas,H2Sej^as)~29*85 Cals.; and for the heat of soln. at 18°, —4*99 Cals. 
A. Bineau also observed that if an excess of dry ammonia be mixed with dry 
hydrogen selenide, two vols. of the former unite with one vol. of the latter to produce 
a white cloud which condenses to a white crystalline mass of ammonium selenide, 
(NH 4 ) 2 Se. J. J. Berzelius said that the product is not crystalline. V. Lenher and 
E. F. Smith found that on sat. with hydrogen selenide a soln. of 5 grms. of ammonium 
molybdate in 50 c.c. of water to which 20 c.c. of cone. aq. ammonia had been added, 
a dark red soln. was obtained, from which, on evaporation, black, anhydrous, 
orthorhombic prisms of ammonium selenide separated. Only from ammoniacal 
molybdate soln. of the cone, given can the black crystals of ammonium selenide be 
obtained; under other conditions, selenium alone is formed. The white ammonium 
selenide of A. Bineau smells of hydrogen selenide and ammonia, and it is more 
volatile than the hydroselenide. F. A. Fliickiger observed that a mixture of 
ammonium selenide and selenite is formed when selenium and aqua ammonia 
are heated in a sealed tube. E. Wendehorst prepared the colourless normal selenide 
by passing purified hydrogen selenide into a sat. soln. of ammonia in an atm. of 
nitrogen, and cooled to the temp, of melting ice. At higher temp, a complex 
mixture of ammonium selenides is formed. J. J. Berzelius said that when ammonium 
selenide is exposed to air, it decomposes with the separation of selenium; and, 
according to J. J. Berzelius, it forms a red soln. with water. V. Lenher and 
E. F. Smith added that the black, crystalline product was stable in the air, and 
dissolved in water to a dark red soln. which gave a precipitate of selenides from 
neutral or alkaline soln. of metallic salts ; the soln., however, gradually decomposed 
on exposure to the air, selenium being precipitated. According to C. Fabre, the 
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heat of formation of a soln. of the solkl from metallic selenium is (NojIHj^.So) 
4448 Cals.; ir2Seg,g+2NH3acj - (NH^LSeJ I5*%Cals.; ,2NH3an )~6*(U), 

and adding to this the heat oif soln. of liydrogen selenide, there remains 15*86 (^als. 
The addition of a mol of hydrogen selonide to a s<dn. of arrnnoiiium selenide develops 
7*0 Cals. 

According to G. CVd(‘agni, ]>o\\dered selenium dissolves n^adily in the col<l in 
a 66 j)er cent. soln. of sodiimi or potassium hydroxide, more slowly in sat. soln. of 
})arium hydroxide on hoiling wafer-1 )ath, and f>nly slowly and in very small ])ro- 
portion in aq. ammonia of sp. gr. 0*888. The soln. thus obtained contain selenides. 
eelenites, and, possibly, a cornjjound analogous to the thiosulphates, formed }>y the 
action of atm. oxygen on the selenides ; it may be, also, that a small part of the 
selenium is yiresent as such in the soln. The reactions taking ])lace are gradual and 
highly complicated, the first products consisting of selenides, wliicli subsequently 
undergo transformation into polyselenides and seleiiites. The sola, formed are at 
first brown, but are gradually decolorized by the combined action of the oxygen 
and carbon dioxide of the air. 

C. Fabre prepared inijiure lithium selenide, Li 2 He, by dehydrating the ennea- 
hydrate ; by reducing lithium selenate with carbon; and by the action of hydrogen 
selenide on lieated lithium carboiiate. Polyselenides appear to be formed at the 
same time, and the containing vessel is attacked, and the liest sample prejiared 
contained 92 per cent. Li^Se. TIjc reddish-brown product is very hygroscojiic, 
and is decomyiosed by air. The aq. soln. is red ; and the heat of soln., 5-33 Cals. 
The heat of formation from solid elements is (2Li,Se) 39*63 Cals. By sat. a cone, 
soln. of lithium hydroxide with hydrogen selenide -excluding access of oxygen, 
a liquid is obtained which furnishes f'oloiirless, refracting rhombic jjrisms of the 
enneahydrale, Li2Se.9H20. The salt changes quickly if exj)()sed to air, and selenium 
is separated. The salt is deliquescent. The colourless aq. soln., in air, immediately 
l)ecome8 orange-yellow, and then reddish-brown with the sc[)aration of selenium. 
TJie salt is very soluble in water ; it docs not effloresce at oniinary teiu]). in vacuo. 
The heat of soln. is —6* 10 

H. Uelsmann found that sodium and selenium unite wlien heated, and the 
formation of colourless sodium selenide, NaSe, is attended by vivid incandescence ; 
but, added C. Fabre, the product probal)Iy contained some selenium in consequence 
of the decom])osition of the selenide. If selenium—not in excess —be added to a 
soln. of sodium in liquid ammonia, C. Hugot found that matt, white, amorphous 
sodium selenide is ])reci[>itated insoluble in liquid ammonia. C. Fabre obtained it 
by slowly heating the hydrate below 4()(P. The compound fuses to a reddish-brown 
liquid, which on cooling becomes a yellow and ilien a white mass, very hard, and with 
a crystalline fracture. It turns red on exposure to air, and deliquesces. H. Fonzes- 
Diacon gave 2*625 for the sp. gr. at 10’. C. Hugot said the m.p. lies above 875°. 
Owing to the reactivity of the mixture with the containing vessel, C. H. Mathewson 
could not complete the f.]). curve, Fig. 33, in the region indicated by the 
dotted lino. The m.p. of sodium is lowered very slightly—not more than 0*2° 
hy the addition of selenium. The heat of formation from selenium, and 
sodium in soln. is (Naaoin.,^^ Wia) 39*18 Oals.; (Na20,2H2SeBoin.) -3*80 Cals.; and 
(Na^Oaoin.jH^Scaoin.) -3*56 Cals. H. Robl observed no fluorescence occurs with the 
salt in ultra-violet light. H. Uelsmann found that if hydrogen selenide be passed 
into a cone. soln. of sodium hydroxide, a mush of crystals is formed. They dissolve 
when the liquid is heated, and the soln. furnishes colourless crystals on cooling. 
They redden on exposure to air or when heat/cd. L. A. Tschugaeff and V. G. Chlopin 
obtained sodium selenide by the action of selenium on a soln. of sodium hyposulphite 
and hydroxide. C. Fabre obtained fine, white needles of the hemienneahydreUe, 
NajSe.l .IH 2 O, by cooling a hot cone. soln. of sodium selenide in cone, soda-lye. 
TIh' salt redden-- if exposed a few seconds to air ; it is v^^ry deliquescent; and is 
stable in vacuo at ordinary temp. Us heat of soln. is —3*94 Cals, at 13°. C. Fabre 
also obtained the ennexxhydraie, NagSc.ML^O, by passing a current of hydrogen 
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seI<Miide int-o n cold hoIii. of tlirce parts of sodiiiiii carbonate and one part of water. 
A. Clever and W. Miithinann obtained the fiecahi/draie, from 10 c.c. 

of a soln. of eipial parts of sodium hydroxide and water, afterwards diluted with a 
third ]»art of water, and mixed with 6 to 7 j^rms. of arsenic peritaselenide so as to 
avoid a great rise of temp. The liquid on standing deposits white needles insoluble 
in soda-lye. and fbey can be washed with that medium, and dried on a porous tile. 
The salt on exposure soon turns rose-red, red, and then brown ; and wlien heatisl 
forms a brown liquid. (?. Fabre also ])re]>ared the hexadecahijdrdtv, Na^Se.lbll^O, 
in white prisms, by passing a current of hydrogen selenidc into a soln. of one }>r>rt 
of decahydrated sodium carbonate in four parts of water. The crystals nielt 
in their water of crystallization at 40^, and when exposed to air forni sodium 
carbonate, selenium, and a little sodium selenite. The heat of soln. is 11*0 
Cals, at 14®. 

J. J. Berzelius observed that potassium selenide, K 2 fte, can be formed by the 
direct union of the elements ; the combination is attended by inflammation by which 
a portion of the selenide is sublimed, and when an excess of jiotassiurn is present, 
there is a kind of explosion. H. Fonzes-I)iacon added that if selenium be heated 
with an excess of potassium, in an iron crucible, the monoselenide is formed and the 
excess of potassium volatilize;.. C. Hugot obtained this selenide by adding the correct 
amount of selenium to a soln. of potassium in liquid ammonia -the white, amorjihous 
product is insoluble in that inenstrunin. J. J. Berzelius obtained the selenide by 
igniting potassium selenite or selenate in an atm. of hydrogen ; and J. J. Berzelius, 
F. Wohler, and B. Rathke, by igniting a mixture of potassium selenite or selenate 
and charcoal, J. J, Berzelius also obtained potassium selenide by fusing selenium 
with potassium hydroxide, or carbonate, whereby some selenite is formed at the 
same time: 6K()H |-38e K 28 e 03 --|~ 2 K 28 e-f- 3 Ti 20 . C. Fabre also obtained the 

selenide by dehydrating the enneahydrate. Potassium selenide is a white, crys¬ 
talline mass which quickly reddens on exposure to air. B. Rathke gave 2*851 for 
the sp. gr. ; and IL Fonzes-Diacon, 2*851 at 15°; the products obtained at the 
higher temp may be black, brown, or grey, and possess a bejiatic taste and 
.smell. C. Fabre gave for the heat of formation: (ll 2 ^esoin 
Cals. ; (ir2Hega«,K20«oin.)- B-46 Cals. ; and ‘iKsoin.+Be^oUd^-KgSe^ha ( 39*71 C^als. 
J. J. Berzelius said that when potassium selenide containing an excess of 
selenium is treated with hydrochloric acid, it swells up, evolves hydrogen selenide, 
and deposits selenium. When heated, the selenide becomes brownish-black; 
and when cooled forms a hard, rose-red mass which deliquesces in air, and decom¬ 
poses into potassium carbonate and selenite, and selenium. C. habre treated with 
hydrogen selenide a soln. of one part of potassium carbouate in 1*5 to 20 parts of 
water, and obtained a white precipitate which dissolves in the licjuid and is trans¬ 
formed into white, needle-like crystals, of the ennexiliydraie^ K28e.l^42^* This 
salt rapidly changes in air. It is freely soluble in water, and has a heat of soln. of 
—14-65 Cals, at 14®. If a soln. of one part potassium carbonate in three jiarts of 
water is employed, acicular crystals of the letradecaJiydraJfty K 2 Se. are formed. 

The heat of soln, is --10-22 Cals, at 13®. If the soln. of potassium carbonate is 
diluted to I : 5, crystals of the etineadecahydraie, K2Se.l9H20, are formed with a 
heat of soln. of —9-60 Cals, at 14®. H. Fonzes-Diacon could not confirm the 
existence of the two latter hydrates. D. M. Liddell said that when exposed to air, 
selenium and sodium hydroxide are formed. According to J. J. Berzelius, potassium 
selenide becomes moist in air. When it contains an excess of potassium, it dis¬ 
solves in water with the evolution of hydrogen and forms a red soln.; if the potassium 
is not in excess, it forms a dark reddish-brown soln. with water from which acids 
liberate hydrogen selenide and precipitate selenium. A similar soln. is obtained by 
lioiling selenium for a long time with potash-lye. Soln. of potassium selenide with 
an excess of seleninin with a little water form dark brown soln. from which selenium 
is pnKiipitfited when more water is added. The presence of alkali carbon.ite- prevents 
the preeij^itation. All the soln. have a hepatic taste, and on exposure to air deposit 
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selouiaiii as a red powder. When the selenidc is treated with seleiiious iicid, 
B. Rathke said that potassium selenite is formed an<l selenium precipitated ; and 
(’. Fahre added tliat when treated with hydrogen selenide, potftSSiuin hydr0S6l6llid6, 
KSell, is formed: K 2 Sea(i. + H^Seaq. -2KSeH^tj+3*385 Cals. 

C. L. Jackson said that when sodium selenite is redu(;ed by heating it with carbon, 
sodium diselenide, NaoBe^, is formed, and not tlie monoselenide as in the analogous 
case of the potassium salt. C. H. Mathewson observed a break in the cooling curves 
of mixtures containing sodium di.selenide corres[)onding with the decomposition 
of the diselenide at its m.p. 495"^: Na^Bco.-Na^Be pMelt of composition B, Fig. 33. 
The diselenide is stable in th(‘ region represented by the line BC. C. H. Mathewson 
found that sodium triselenide, NagBe.q, separates as a primary crystalline phase 
along the short branch of the f.p. curve, Cl), At 313”, the triselenide melts with 
decomposition so that it is in equilibrium with the diselenide and the melt of con¬ 
centration The quantitative relations are lNa2Be,p^0*32NaoSe2+Melt of com¬ 
position C\ namely, 1*35 mols of Na, and 2*35 mols of Be. A. Clever and W. Muth- 
mannobtained potassium triselenide, in })rown needles, when potassium 

selonide is mixed with arsenious acid dissolved in alkali ; the crystals rapidly 
decompose and become coated with grey selenium on exposure to air. It dissolves 
in water, and the soln., when treated with acids, yields selenium and hydrogen 
selenide. C. Hugo! observed that if an excess of selenium is treated with a soln. 

of sodium in liquid ammonia, a brown soln. is 
formed, and if the solvent is evaporated off at 
25”, and the residue cooled to —55”, sodium 
tetraselenide, Na 2 Be 4 , is formed. If a soln. of 
])otassium in liquid ammonia be tn'ated in an 
analogous way, potassium tetraselenide, K^Bcj, is 
formed. The brown mass dissolves in water, 
forming a violet soln., and in liquid aTiimonia, 
forming a brown soln. The a(p soln. deposits 
selenium on exposure to air ; and when treated 
with acids, hydrogen selenide is givim off with 
the separation of selenium. C. 11. Mathewson 
found that in the Na-Se system, sodiinu tetra¬ 
selenide crystallizes primarily along the flat curve 
1)E, Fig. 33. It melts with decomposition at 290°, owing to the reversible action : 
lNa 2 Be^. H)*4NaoBej“f Melt of composition D, namely, 1*20 mols of Na and 2*80 
mols of Be. F. W. Bergstrom ])repared SOdium pentaseleuide, Na 2 Be 5 , and 
potassium pentaseleuide, K^Se^, as well as the other polyselenides. There is no 
indication of tiie formation of sodium pentaselenide, Na2Se2, on the f.p. curve ; but 
sodium hexaselenide, Na 2 Be^, ajipears as the [)rimary crystalline phase separating 
along the branch between E and the in.}), of selenium. The hexaselenide melts 
with decom})o.sition at 258°, w'hen there is the reversible action lNa. 2 Se(j 
--0*T3Na2Be4 -I Melt of composition L’, namely, 0*54 mol of Na and 3*08 mol of Be. 
Thert‘ is no sign of the existence of a higher polyselenide. After the heating and 
Bujicreooling of grey, metallic selenium, crystallization does not take place, but the 
sui»stance gradually solidifies to an amorphous mass. The addition of 0*1 per cent, 
of sodium is suflicient, however, to cau.se complete crystallization at 217°. The 
solubility of sodium hexaselenide in selenium at its m.p. is extremely small, but the 
limited miscibility may bo the cause of the crystallization. Polyselenides are 
darker than grey, metallic selenium, become red and disintegrate on exposure to 
air in consequence of the separation of selenium, and are readily soluble in water, 
forming red soln., the de})th of colour increasing with the amount of selenium. 

A. Orlowsky - found lhat the aflinity of cop])er for selenium is greater than is 
tliat of the other heavy jiietals with the exception of silver. A. L. Potilitzin found 
that in a sealed tu])e at C0()°-700°, selenium will displace 48*01 per cent, of sulphur 
from cuprous sulphide, K. Friedrich and A. Leruux made a partial exploration 
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of the equilibrium diagram of the system : copper-selenium. The addition of sele¬ 
nium lowers the f.p. of copper to the eutectic at lobs'" with 2 to 3 per cent, of selenium. 
The curve then rises, Fig. 34, soon becoming nearly 

horizontal, owing to the separation of two liquid jl] 7 Trjl. 

layers whose limits were not exactly determined, 

The existence of cuprous selenide, m.p. 1113'^, is ^_ ~ ^_ 

indicated. Copper does not form solid soln. with / 0 £(f _l 4 /oss 4 ~ ~ 

selenium. - * 1 [ 1 — 

J. J. Berzelius described a mineral from 8kri- r t i ]—i — ^ L „ 

kerum, Sweden, which he called Selenkupfer, and - - 4— j- I —V — — 
the analysis agreed, fairly well, with that required 
for cuprous selenide, Cu 28 e. A, E. Nordenskjbld /^rce/^t.Se 

found that it contained 4*73 to 8*50 per cent of Fia. 34.--Freezin^^^-point Curve 
silver, 0*35 to 0-54 per cent, of iron, and up to of the Binary System : 

0*38 per cent, of thallium A. de Gramont found, Coppor-Selenmm. 

syiectroacopically, silver, lead, thallium, and magnesium, as well as coiqier and 
selenium. T. Parkman analyzed artificial cuprous selenide. The mineral w^as 
also described by W. Hisinger, and A. E. Nordenskjbld. F. S. Beudant called 
it —after J. J. Berzelius—and J. D. Dana altered this term to berze- 


lianite. Occurrences at J^erbach, Harz, were described by J. C. Zimmennann, 

G. Frebold, J, K. Blum, O. Luedeckc, and F. A. Rorner ; and at Andr(*asberg, by 

H. Rose, and W. Geilmann and H. Rose. J. J. Berzelius nmde cujfirous selenide 
by heating a mixture of copjier and selenium—the combination was attended 
by incandescence-- and also by heating cupric selenide to redness in a closed 
vessel. J. Margottet, and S. Bidwell made cuprous selenide by the action of 
selenium vaj)our on co])i)er. H. Fonzes-Diacon obtained it by the action of hydrogen 
on red-hot cuj)ric selenide, also by the action of carbon on cupric selenate at a high 
temp, in a vessel ])r()tected from air ; ]>y the action of hydrogen selenide on a soln. of 
cuprous chloride in hydrochloric acid, and rapidly washing the product first with 
hydrochloric acid, and then with air-free water ; and by the ac tion of a mixture of 
hydrogen and hydrogen selenide 011 anhydrous cuprous or cupric chloride at a reel- 
heat. L. Moser and K. Atynsky obtained it !)y the action of a soln. of a potassium 
cu])rous salt on a soln. of hydrogen selenide out of contact with air. T. Parkman 
pre[)ared it by the action of selenium and sulj>hur dioxide on a soln. of a cupric salt, 
and A. Brukl by yirecipitatioii. F. Garelli obtained crystals of copper selenide by 
wrapping a }»iece of selenium witli cojqier wire and immersing it in a soln. of copper 
sulphate'. P. Fisc'her obtainenl metal selenides by electrolyzing a soln. of sodium 
sul])hatc with a selenium (cathode, and an anode of the given metal. 

Cujirous selenide is described as a bluish-black, dark green, steel-grey, or a black 
powde^r, or whtm it has been fused, as a crystalline mass with a compact fracture. 
The grains are cubic, octahedral, or tetrahedral. W. P. Davey found that the 
X-'radiograin agreed with Iwo intcrpene'trating face-cerntred cubic lattices—calcium 
fluorich* type- -of side 5*751 A., and density 7*154. W. Hartwig also found the 
selenideh as a face-centred lattice of the fluorite tyjie wdth 4 mols. Gu^Se per unit cell. 
Th(‘ natural selenide has a c(*ll with .side «- 5*731 A. and the artificial, rr™5*748 A. 


Jj. Pauling, and E. J. Guy discussed the spectral relations of the atoms. 
M. L. Huggins studied the atomic structure. F. Rossler dissolved the powder in 
molten lead, and extracted the lead from the cold mass by cold, dil. nitric acid, and 
the residue, under the microscope, contains reddish-yellow^ and steel-grey octahedra, 
feathery crystallites, and copper-coloured rhombic plates. The mineral berzeliauite 
occurs disseminated as a black or bluish-black powder in calcite of Skrikerum or 
else in thin, silver-white, dendritic crusts. J. C. L. Schroder van der Kolk said that 
the streak is pale brownish-grey. The metallic lustre of the mineral soon tarnishes. 
The sp. gr. of the mineral is 6*71 ; M. Bellati and 8 . Lussana gave for the sp, gr. of 
cuprous selenide 6*749 at 30*2574", and H. Fonzes-Diacon, 6*512. K. Friedrich and 
A. Leroux gave Ills'" for the m.p. 8 . Liissaoa said that there is a transition temp. 
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at 110°, and that the heat of the transformation is 5*405 cals. J. Joly found that the 
mineral gives a white sublimate at 440° in air. A. Beutall obtained hair copper by 
heating the selenide in a sealed tube at 350°-400°. H. Fonzes-Diacon gave 20*84 
Cals, for the heat of formation of the crystalline selenide, and 9-7 Cals, for the pre¬ 
cipitated. A. de Gramont studied the spark spectrum. H. E, McKinstry observed no 
effect when the mineral is exposed to the electric arc-light. J. W. Hittorf, J. W. Clark, 
and M. Bellati and S. Lussana found that cuprous selenide conducts electricity like 
a metal. M. Bellati and 8. Lussana said that as the temp, rises from 23*3° to 98*8°, 
the electrical resistance increases from 0*0427 to 0*06669 ohm ; and as the temp, 
rises to 127*3°, it falls to 0*04661 ; rising again to 0*05148 as the temp, reaches 161°. 
The resistance is not altered by blue-light. T. W. Case also said that the resistance 
is not affected by light. 8. Bidwell thought that the increased conductivity of 
selenium in light is conditioned by the presence of copper selenide, but this hypo¬ 
thesis had to be abandoned —vide supra. However, cuprous selenide lowers the 
resistance of selenium, and also its sensibility to light, although non-sensitive 
selenium becomes sensitive when alloyed with cuprous selenide. F. T. Snyder used 
the selenide as a material for resistance coils. A. L. Williams measured the resist¬ 
ance of fused mixtures of selenium and copper. M. Bellati and 8. Lussana found 
that the thermoelectric force of the copper selenide and lead thermocouple, as the 
current passes from the lead through the hot junction to the cuprous selenide, is 
0*0319 volt at 30°, and 0*00844 volt at 160°. 8. Bidwell said that if cuprous selenide 
be placed betweei;i two sheets of moist paper to act as electrodes, when a current 
is passed, selenium appears on the anode-paper, and copper on the cathode paper ; 
and 0. Weigel added that cupric selenate is also formed at the cathode and hydrogen 
selenide at the anode. E. T. WTierry found that berzelianite is a fair radio-detector ; 
and I. Stransky discussed the rectifying action of the heavy metal selenides! 

J. J. Berzelius found that when cuprous selenide is heated for a long time in air, part 
of the selenium is driven off, leaving brittle, fusible, seleniferous copper. Berze¬ 
lianite is soluble in cone, nitric acid. H. Fonzes-Diacon observed that cuprous and 
cupric selenides are decomposed by hydrogen chloride either in soln. or at high 
temp., in the former case, hydrogen selenide being evolved ; they are readily 
attacked by chlorine, oxidized to cupric selenite by nitric acid and dissolved by 
sulphuric acid with the evolution of sulphur dioxide. Ammonia attacks the 
cuprous selenide rather more readily than the cupric compound, whilst both sub¬ 
stances are partially soluble in ammonium hydrosulphide. Cuprous selenide is 
soluble in a soln. of potassium cyanide, and E. Heyn and 0. Bauer, and F. W. Hin- 
richsen and 0. Bauer detected cuprous selenide in copper by warming the metal with 
an aq. soln. of potassium cyanide, and adding alcohol, and an acetic acid soln. of 
^dmium acetate when an orange-red precipitate indicated the presence of selenium. 

K. B. Rogers found that berzelianite is decomposed by heating it 10 min. at 250° 

min. at 375° to 425° in the vapour of carbon tetrachloride and 
air. C. Tubandt and H. Reinhold studied the reaction: Ag 28 -fCu 28 e^Cu 28 
-fAg2Se. 

P. Klockmann described a mineral which he named umangite; it occurs at the 
Sierra de Umango, La Rioja, Argentina, in dark cherry-red granular or compact 
ma^es, without cleavage. The fresh fracture has a violet tinge, but it soon tarnishes, 
and the colour appears violet-blue. The analysis corresponds with CttprosiC selenide, 
or Cug^.CuSe; C. F. Rammelsberg gave 2 Cu 2 S.CuSe; and P. Groth and 
K. Mieleitner, (Cu,Ag) 38 e 2 . Umangite thus resembles an earth previously obtained 
^ F. Pisani from South America. J. Olsacher, and G. Frebold found it in the 
Harz ; and H. Rose, and W. Geilmann and H. Rose, in Andreasberg. The sp. gr. 

hardness 3. R. G. Harvey measured the electrical resistance. 

J. J- Berzelius said that cupric selenide, CuSe, is precipitated when hydrogen 
selenide 18 passed into a soln. of cupric sulphate. L. Moser and K. Atynsky also 
prepared this compound in an analogous way. G. Little said that cupric selenide is 
formed when selenium vapour is passed over heated copper; J. Margottet, when 
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selenium vai)our in a current of nitrogen is passed over copper at a red-heat; 
H. Fonzes-Diacon, by passing hydrogeh selenide over anhydrous cupric chloride at 
200° ; and J. E. Gerock obtained it as a residue when cop}>er is dissolved in selen 
iferous hydrochloric acid. P. Ramdohr regarded umangito as a new mineral, 
cupric selenide, and he called it klockmannite. G. Little analyzed cupric selenide, 
and added that the sp. gr. is 6*665, whilst H. Fonzes-Diacon gave 5*398 for the 
sp. gr. at 15°. Cupric selenide forms long bluish-black, prismatic needles, which, 
according to H. Fonzes-Diacon, melt at a dull r(‘d-heat. J. J. Berzelius, and 
H. Fonzes-Diacon said that the selenide loses half its selenium at a red-heat. Borne 
chemical reactions are indicated in connection with cuprous selenide. C. Fabre 
gave 9*70 Cals, for the heat of formation of the precipitate. H. E. McKinstry 
observed no elfect when the mineral is exposed to the electric arc-light. 

A. Orlowsky 3 found that of the heavy metals silver has the greatest affinity for 
selenium ; and, as shown by J. J. Berzelius, alloys of the two elements are readily 
obtained by fusion, and silver is blackened by selenium vapour, selenium dioxide, and 
hydrogen selenide. H. Pelabon found that mixtures of silver and selenium contam- 
ing from 5 to 60 per cent, of silver separate at 620° into two layers, the upper consist¬ 
ing of pure selenium, the lower of a mixture of silver and selenium in atm. propor¬ 
tions ; as the proportion of silver is increased the solidifying points rise to 880'\ 
the m.p. of the selenide Ag.^Sc; the eutectic 
mixture melts at 830° and contains 80*5 per cent, 
of silver. K. Friedrich and A. Leroux added that 
mixtures of silver with more than 7 [mr cent. Be 
separate into two liquid layers. The existence of 
the selenide Ag 2 Se with a m.p. between 834° and 
850°, is indicated, but mixtures richer in selenium 
could not be pre])ared, owing to loss by volatili¬ 
zation. 6. Pellini observed that the f.p. diagram, 

Fig. 35, shows that with increasing proportions of 
silver, the f.p. curve of selenium rises rapidly from 
the m.p. of selenium, 217°, to 616°; and then 
remains horizontal with between 45 and 52 at. per 
cent, of silver ; b(*yoiid that, the f.p. rises rapidly 
to a maximum at 897° with 66*6 at. per cent, 
of silver, i.e. with silver selenide, Ag 2 Se. Next, 
there is a sharp fall to 845° with 67*5 at. per 
cent, of silver ; this is followed by a rise to 890° when the temp, remains steady 
with from 68 to 89 at. per cent, of silver. Finally, the curve rises to the m.p. 
of silver. There is here no evidence of the silver diselenide, Ag 2 Se 2 , stated by 
J. J. Berzelius to be formed wlien silver selenide is heated with an excess of 
selenium and the excess removed by heating the product out of contact with air, 

G. Rose found a mineral at Tilkerode, Harz, whose analysis corresponded with 
the selenide, Ag 2 Se, or with silver lead selenide, Ag2Se.5PbSe, according to analyses 
by C. F. Rammelsberg, and I. Domeyko, and Ag 2 Be, according to E. V. Shannon. 
G. Rose called it Selensilber ; E. F. Glocker, Seknsilberglanz or SclensillyerUeiglanz ; 
and W. Haidinger, naumannite —after C. F. Naumann. Occurrences in the Harz 
were also described by J. C. L. Zincken, G. Frebold, and 0. Leudecke; in Mexico, by 
A. M. del Rio, and C. F. de Landero ; in Andreasberg, by H, Rose, and W. Geil- 
mann and H. Rose ; in Idaho, by E. V. Shannon; and a mineral from Cacheuta, 
Mexico, analyzed by I. Domeyko, was called by M. Adani cachentaite. I. Domeyko 
regarded cacheutaite as a mixture of (Ag,Cu) 2 Se, (Fe,C())Se, and PbSe. 

According to J. J. Berzelius, silver selenide, Ag 2 Se, is prepared by melting 
together the constituent elements in the correct proportions; and bypassing hydrogen 
selenide into a soln. of silver nitrate, and drying the black precipitate. J. Margottet 
obtained the selenide by lieating silver in the vapour of selenium mixed with 
nitrogen. J. B. Senderens found that selenium readily acts on a boiling soln, of 
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silver nitrate : 4 3He f 3H.,0 2 Ag.>Se+H.Se 03 + 4 HNO 3 ; and R. D. Hall 

and V. Lenher observed that the reaction occurs with a cold soln. T. Parkman said 
that red selenium is l)liickened by a soln. of silver nitrate, forming flakes of selenium 
dioxide, but, added R. D. Hall and V. Lenher, tliis is a mistake since selenium 
dioxide is readily soluble in water; the white i^recijutate was probably silver 
selenite. H. Fonzes-Diacou could not make silver diselenide^ Ag2^^'25 
ne parait done pas devoir exister. P. Fischer made the selenide by electrolysis 
vide copper selenide. L. Moser and K. Atynsky obtained ))lack, unstable silver 
selenide, Ag 2 Se, by the action of a silver salt on a soln. of hydrogen selenide out of 
contact with air ; the product loses selenium on drying, and forms complex salts 
with alkali hydroxides, sulphides, and selenides. F. Garelli and A. Angeletti could 
not confirm P. Guyot’s statement that from neutral or acid soln. of salts of the 
metals, selenium dissolved in carbon disulphide precipitates only silver as silver 
selenide. In aq. soln, tJie silver may be precipitated completely if excess of selenium 
is used and the liquid is boiled, the reaction corresponding with the equation : 
4 AgN 03 + 3 Se+ 3 H 20 -^ 2 Ag 2 ^e f H^SeO^+IHNO^, as indicated by J. B. Senderens. 
The silver may be completely precipitated in this way from soln. containing silver, 
lead, and mercury salts, provided the selenium added is twice the amount of the 
silver present. J, Margottet described silver selenide as a lead-grey pow'der consist¬ 
ing of microscopic needles of hexagonal form. F. Rdssler said that the selenide 
dissolves in molten silver or bismuth without suffering chemical change, for if the 
cold mass be treated wnth cold, dil. nitric acid, or acetic acid, dendrites, and dodeca¬ 
hedral crystals of the selenide are formed. Naumannite occurs in black, culiic 
cry.stals, its well as in granular or compact masse.s, or in thin jilates. The cubic 
cleavage is perfect. L. S. Rarnsdell studied the X-radiogram. M. L. Huggins 
studied the atomic structure of the crystals. G. Rose gave for the sp. gr. 8*0. 
H. Foiizes-Diacon gave for the artificial selenide 8*216 at 15*^; and M. Bellati and 
S. Lussana gave 7*952 at 30*1 ^/4’ for the sp. gr,, F. A. Honglein, 26*9 for the mol. 
voL M. Bellati and 8. Lussana gave 0*06830 for the sp. ht. G. Rose gave 2*5 for the 
hardness of naumannite ; and J. Margottet said that silver selenide is soft enougli 
to be cut w ith a knife. N A. Pixschm said that the silver*"selenium alloys arc almost 
black, crystalline, and hard«T t lian either component; and H. Rossler, and H. Debray 
said that 1 he presence of small ])ro])ortionH greatly influence the physical 2 >rop(Tties 
of silver—one ])er cent, of sehmiuiu makes silver iisel(*ss for many purjioses. 
M. Bellati and A. Leroiix found that there is a transition j)oint at 133^, when the 
sp. ht. changes to 0-()08t3. The heat of the transformation is said to be 5*631 Cals. 
J. J. Berzelius said that silver selenide melts at a red-heat without the io.ss of selenium 
and forming a silver-wdiitt* ductile ma.ss ; J. Margottet found that selenium .separates 
out at a white-heat. II. Pelabon gave (S8U'' for the m.p. ; K. Friedrich and 
A. Leroux, between 834° and 850°; and G. Pellani, 897°—Fig. 35. A. Beutall 
obtained hair .silver by iioating the selenide in a sealed tube at 300°-60()°. C. Fabre 
gave for the heat of formation of the crystals from .solid selenium 4*72 Cals., and for 
the precipitate, 2*48 Cals H. E. McKiustrv observed no effect when naumannite is 
exposed to the eh'ctric aic-light. P. Beijerinck, and R. G. Harvey stated that 
naumannite is a conductor of eh*ctricity; and M. Bellati and 8. Lussana observed 
that silver sehmiih* is not electrolyzed by the passage of the current. The electrical 
resistance at 25*6° is 0*02033 ohm, rising to 0*02240 ohm at UX)°, remaining con¬ 
stant to 120° , it then increases rapully to 0*02549 ohm as the temp, rises 
to 137°, and slowly to 0*02742 ohm at 200*4°. F. Beijerinck found that 
naumannite is a conductor of electricity. M. Bellati and S. Lussana found that 
the thermoelectric forc(' of the .silver selenhlo and l(‘ad couple is 0*00023 volt at 
30° ; 0*002(nb at 60° ; 0*00105, at 90° ; 0*(K)r)93, at 120° ; 0*00669, at 
140° ; 0*(X)7r)9, at 160° ; and (HK)838, at 180° The current passes from the 
selenide to the lead through the hot junction. N. 8. Puschin measured the e.m.f. 
of th(‘ cell Ag I O-HSiV-AgNO^ | Ag^Se,, for different values of a, and found 
that the pot(*ntial of the mixture is nearly constant and equal to that of pure 
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silver until w is unity, when there is a sudden drop in potential ; corro 8 ]>onding 
with AgoSe, Fig. 36 ; after this further additions cause little change in the pt>ti*ntial. 
E. r. Wherry found nauniannite to be a poor radiodetector. J. Margottet found tliat 
hydrogen reduces silver selenide at a red-heat, 
forming filiform silver. According to H. l¥labon, 
while silver readily attacks hydrogen selenide. and 
when in excess decomjioses it entirely, on the other 
hand, the action of hydrogen on lieated silver 
selenide is very slight, even at 62(F the deconv 
})osition is inconsiderable, and after 48 hrs. the 
ratio of gaseous hydride to total hydrogen is only 
I'Ol. J. J. Berzelius said that when the selenide 
is heated in air for a long time it does not part 
with all its selenium, nor does it do so even when 
fused with alkalies, or iron. H. Fonzes-Diacon said 
that when the selenide is heated in oxygen it forms 
metallic silver and selenium dioxide ; chlorine transforms it into silver and selenium 
chlorides; cone, hydrochloric acid attacks it at the beginning, forming a layer of silver 
chloride whi(;h protects it from further attack; and fuming nitric acid conv^erts it into 
selenite without the loss of hydrogen selenide. J. J. Berzelius added that boiling 
acid dissolves the selenide, forming silver selenite which separates out in crystals on 
cooling, or in a })ulverulent form when treated with water. G. Bose added tliat 
nauniannite is but slowly attacked by dil. nitric acid, but dissolves fairly quickly 
in the fuming acid. J. J. Berzelius said that iron unites with silver selenide, forming 
a dark grey, granular mass. H. Ptdabon said that 0*05 mol of the sulphides of arsenic, 
antimony, (»r bismuth jier mol of silver selenide, lowers the in.p. from 881^ to 79i)^\ 
R. Marc noted that the presence of a trace of silver selenide, say 0*03 per cent., 
hastens the speed at which selenium attains equilibrium in light. G. Tammann 
studied tin* chemical activity of the silviT-selejuum alloys ; aiid C. Tabandt and 
H. Reinhold, the reaction AgoS 4 -Cu 2 Se;eKhio 8 f Ag 28 e. 

The mineral aguilarite - named after Senor Aguilar from a mine at Guanajuato, 
Mexico, was described by F. A. (»enth. Analyses agree witli the formula Ag 48 eS, 
or AAg.jSc, silver selenosulphide, or, according to (\ V. Ramm(‘lsb(u*g, Ag 4 (S, 8 t‘) 2 , 
or mAg.jS./aAgoSc. It furnishes iron-black, skeleton do(h*cah(alra which are ofttm 
elongated in the direction of a cubic or octahedral axis. There is no cleavagi*. 
Its iSp. gr. is 7*586, and its hardness 2*5. An alteration jiroduct re.sembles a 
cupriferous stophanite. II. E. McKinstry observed no elT(*ct when the mineral is 
exposed to tne electric arc-light. R. G. Harvey measured the euTtrical resistance. 
E, T. Wherry said that aguilarite is a fair radiodetector. 

J. J. Berzelius described a copper silver selenide, GuoSe.Ag^Se, occurring in a 
copper mine at Skrikerum, Sweden, and it was called eucairite -from evKaipco^, 
opportunely, in allusion to its discovery soon after that of tlie element selenium. 
Its occurrences in Sweden were also described by W. Hisinger, and A. E. Nordensk- 
jold ; in the Siebenbiirge, by V. R. von Zepharovich, and J. M. Ackner; in Chili, 
by L Domeyko ; and in the Argentine, by G. Fromme, R. Otto, and F. Klockmann. 
Analyses were reported by J. J. Berzelius, A. E. Nordenskjold, I. Domeyko, 
G. Fromme, and F. Klockmann. C, F, Rammelsberg gave for the composition 
Ag 28 e.Cu 2 Se. J. Meyer and H. Bratke said that this is the only double selenide 
containing two different heavy metals whose existence is known with certainty. 

J. Margottet prepared artificial octahedral crystals by the method used for the simple 
sulphides. F. Fouque and A. Michel-ljevy discussed this snlqect. L, 8 . Ramsdell 
studied the X-radiogram. The colour of eucairite is silver-white or lead-grey. It 
occurs massive, granular, and in black films. The crystals are cubic. The sp. gr. 
is 7*50, and the hardness 2*5. J. July ob.served a red sublimate at 38(P in air, and 
a wliite sublimate at 410°. A. do Gram<mt studied the s])ark s])ectrum. The mineral 
is soluble in boiling nitric acid. 
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J, J. Berzelius, H. JN'Iahon, aiul H. Uelsmann found that gold does not unite 
with selenium when the i'lenKMits are heated t^ogether. N. W. Fischer observed that 
selenium reduces a soln. of a grjld salt at a high temp. R. D. Hall and V. Lenher also 
showed that selenium has iuj action on soln. of gold salts unless heated nearly to boil¬ 
ing when tin* Kiaction : fJSf* j 4Aii(‘I3 3SeCl4“f 4Au, oeeurs. L. Moser and K. Atyn- 
sky obtained lilack, iinstaf)]e aurous selGnidB^ Au2>Se, by the action of a potassium 
aiirous salt on a soln. of hydrogen selenide ])rotected from air; wdth an auric salt, 
black auric selenide, Au^Se^, is formed ; and H. F\>nze8-I)iacon represented the 
reaction wnth hydrogen selenide when the soln. is cold: 2AuCl3~|-3H28e—2Au+3Se 
+6HC1 ; and when the soln. is hot there is a further reaction : 2AuCl3-|-Se+4H20 
-r H28e()4 } f)HCl -h2Au. F. Osmond and W. C. Roberts-Austen made observations 
on the ,structur(‘ ot the alloy. H. ITelsmann obtained gold selenide, Au28e3, by 
j>assing hydrogfui seierii<h' into an aq. .soln. of gold chloride. Light is to be excluded 
or the precifiitate will be mixed with gold. The black, amorphous selenide has a 
sp. gr. i-iV) af 22 : and wlieii lieatcd, the selenium can be expelled. M. L. Huggins 
studied the iilr>niic structure. When gold selenide is heated with mercury, mercuric 
selenide is formed. A. Steigmann studied the so-called gold-selenium toning in 
photography, A. Bcutall olitained hair gold by heating the selenide in a sealed tube 
at 35<C-r)lKy\ flold selenid** is soluble in aqua regia, and soln. of alkali sulphides; 
nitrie acid dissolves the .'^chmium; and sulphur dioxide precijhtates selenium and 
gold from the soln. in acpia regia. The product may have })een a mixture. 

J. J. Berzelius })ref)are(l calcium selenide, OaSe, by heating calcium selenate to 
redness in liydrogen ; and 0. Fahre reduced the selenate, dried at 200°, in a current 
of hydrogen at dull rednos.^ H. Fonzes-Diacon made calcium selenide by the action 
of selenium va])our on Jientcd caleium; or by the action of hydrogen selenide on 
calcium-ammonium ; and K .4. Henglein made the alkaline earth selenides by 
reducing the corresponding seloiifites in a stream of hydrogen at 400° for the calcium 
salt, t)90° for the strontium salt, and 500° for the barium salt, M. K. v^lattery used 
this process for strontium selcnid(‘. According to J. J. Berzelius, a soln. of potassium 
selenide gives a Hesli-coloured precipitate wLen added to a soln. of calcium chloride. 
If a soln. of calcium hydro.Ki(lc be sat, with hydrogen selenide and kept out of contact 
with air, dark brown cry.stal.s of calcium selenide are formed. W. P. Davey found 
from the X-radiogrnms that calcium selenide has a space lattice of simple cubical 
structure with side a 2*957 A. ; and M. K. Slattery obtained similar results with 
strontium selenide with side 3*117 A., and barium selenide with side 3*308 A. 
1. Oftedal gave a 5*912 A., and H. Haase, r/—5*914 with the ionic distances 2*957 A. 
L. Pauling made some observations on this subject. F. A. Henglein and R. Roth 
gave 3*57 for the sp. gr. of calcium selenide, 4*38 for strontium selenide, and 5*02 
for barium selenide ; and H. Haase, 3*81, 4*54, and 4*94. F. A. Henglein gave for 
the mol. vols. of calcium, strontium, and barium selenides respectively 33*2, 37*4, 
and 43*5; H. Haase re.spectively 31*31, 36*74, and 43*85 ; and J. Geissler respec¬ 
tively 33*2, 38*1, and 43*5. C. Fabre gave for tbl^^lieat of formation (Ca,Se):^39*0 
Cals.; and (CaO,fT28egaH)' 4*88 Cals.; and 17*4 Cals, for the heat of soln. in dil. 
hydrochloric acid at 15°. K. Spangenberg found the index of refraction to be 
2*274, and the mol. refraction 18*24 ; H. Haase found the index of refraction for 
the T1-, /)-, and C-lines to be respectively 2*3()2, 2*274, and 2*245, and the mol. 
refraction 18*22. F. A. Henglein and R. Roth said that the alkaline earth selenides 
are white, microcrystalline powders, of cubic habit. They become brown on expo¬ 
sure to air, and are decomposed by water. J. J. Berzelius, and C. Fabre prepared 
StrontlUlXl selenide, 8r8e, in a similar way —vide mpra : and C. Fabre gave for the 
heat of formation (8rO,H2Se^a.s) 'Bb29 Cals.; and for the heat of soln* in dil. 
hydrochloric acid at 15°, 16*82 Cals. K. Spangenberg gave 2*220 for the index 
of refraction, and 20*81 for the mol. refraction ; H. Haase gave for the index of 
refraction respectively for tlie TI-, D-, and t^-lines, 2*255, 2*220, and 2*190, and 20*83 
for the mol. refraction. J. J. Berzelius prepared barium selenide, BaSe ,—vide 
whose heat of refraction is (Ba(),H28ejj..,«) 10*13 Cals. ; and the heat of 
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soln. in dil. hydrochloric acid at 15° 16*95 Cals. H. Haase gave for the index of 
refraction, respectively for the T1-, 7)-, and T-lines, 2-307, 2-268, and 2*237, and for 
the mol. refraction, 26*43. R. Robl observed no fluorescence occurs with barium 
selenide in ultra-violet light. Barium selenide rapidly reddens when exposed to air. 
The pure selenide does not phosphoresce after it has been exposed to light. 
H. Moser, and W. E. Pauli found that phosphorescent preparations of alkaline- 
earth metal selenides can be obtained by methods similar to those employed for 
the preparation of the active sulphides. The phosphorescent selenides actually 
obtained are represented by the formula): Ca(Bi)Se, Sr(Cu)Se, Sr(Bi)Se, Sr(Pb)Se, 
Ba(Pb)Se, and Ba(Cu)Se, where the bracketed symbol refers to the metallic 
“ impurity ” present. The sensitiveness of the phosphorescence of the selenides to 
small variations in the conditions of formation—for instance, in the temp, to which 
they are heated, the period of heating, the admission or exclusion of air, and the rate 
of cooling—is more pronounced than that of the active sulphides. For the same 
metallic “ impurity,” the number of bands in the 8j)ectra of the selenides is smaller 
than in the spectra of the corresponding sulphides. The upper temp, limit, above 
which the active substances do not show any after-luminosity, is also much lower for 
the selenides than for the sulphides. Certain heavy metals which act as the photo- 
electrically sensitive constituents in the case of the alkaline-earth metal sulphides 
are incapable of exciting pliosphorescence if present in the selenides. F. Kittelmann 
studied the phosphorescence of the alkaline earth vselenides. K. Spangenberg gave 
2*268 for the index of refraction, and 25*45 for the mol. refraction- H. Fonzes- 
Diacon found that oxygen oxidizes calcium selenide with incandescence, forming 
the selenite. The selenide is decomposed by water. Chlorine displaces the selenium 
from the warm selemd(‘, and bromine and iodine act similarly, but at a higher temp. 
--<lull redness. Hydrocldoric acid furnishes hydrogen selenide ; dil. sulphuric acid 
also gives hydrogen seJoTiide ; but with the cone, acid, selenium is set free ; and with 
the hot fuming acid, a green liquid is formed with the evolution of sulphur dioxide. 
Fuming nitric acid dissolves the selenide without loss of selenium, forming the 
.selenite. J. J. Berzelius supposed that aip soln. of calcium hydroxide sat. with 
hydrogen selenidi* contained calcium hydroselenide, Ca(SeH)i,. When selenium 
is heated to redness with calcium oxide, there remains a pale brown mixture of 
calcium polyselenide and selenite ; the brown, coke-like mass has no taste or 
smell, and it is insoluble in water, and when heated to a red-heat, selenium is given 
of! and the monoselenide remains. Tt is decomposed by acids with the separation 
of selenium ; no hydrogen selenide is evolved, since this is decomposed by the 
selenious acid also present. A soln. of f)oiassium selenide gives a flesh-coloured 
precipitate with strontium salts. The resulting strontium polyselenide does not 
lose selenium at a red-heat; but when dec(»m})osed by acids, selenium is deposited. 
Similarly also with barium polyselenide. 

According to F. Wohler,^ beryllium and selenium unite when strongly heated, 
forming a brittle, crystalline mass of beryllium selenide, presumably BeSe; but 
C. L. Parsons said that he was probably mistaken. W. Zachariasen found that the 
space lattice of beryllium selenide is a face-centred cube of side a—5*129 A. H. Haase 
gave 5*43 A., and for the ionic distance.^, 2*715 A. According to J. J. Berzelius, ammo¬ 
nium selenide gives a flesh-coloured precipitate of tlie selenide when added to a soln. 
of a beryllium salt; and with magnesium salts, magnesium selenide, jiresumably 
MgSo, is formed in a similar way. The s<*lenido gives of! selenium when ignited 
and selenium is dejiosited when the selenidt* is treated with acids. D. M. Liddell made 
magnesium selenide by dropping selenium into molten magnesium, and H. Fonzes- 
Diacon, by the action of the vapour of selenium, carried in a current of nitrogen on 
powdered magnesium. The action is slow, and the product impure. The reaction 
l>etw'een selenium and magnesium |a>wders, intimately mixed, is violent. The 
best results were obtained by the action of hydrogen selenide on anhydrous magne¬ 
sium chloride at a red-heat. L. Moser and K. Doctor obtained magnesium selenide 
by passing selenium vapour over the metal heated in vacuo ; and by igniting a 
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mixture of the comj)onent elements hy means of a burning magnesium wire. The 
light brown powder is unstable in air. E Broch found the X-radiogram agreed 
with a face-centred cube lattice of side n 5-452 A., and a sp. gr. 4*21 —\nde magne¬ 
sium telluride. G, Bruni and A. Ferrari made observations on this subject. 
H. Haase gave 4*27 for the sp. gr , and 24-24 for the mol. vol. F. A. Henglein gave 
24-4 for the mol. vol. ; and J. Gei.ssler, 244. K. Hpangenberg gave for the index of 
refraction 2-42, and for the mol refraction, 15*0. H. Haase gave for the index of 
refraction for the D-line, 2-42, and for the nu>l. refraction, 15-12. H. Fonzes- 
Diacon said that magnesium selenide is not reduced by heating it in a current of 
hydrogen, or wJien admixed with carbon When exposed to air, the moisture 
reacts, forming hydrogen selenide; and with a little water, the selenide gives off 
hydrogen selenide, and with a large excess of water it gives a precif>itate of magne¬ 
sium hydroxide, without the evolution of gas. The supernatant liquid seems to 
contain a soluble magnesium hydroselenide, because it gives off hydrogen selenide 
when treated with acids. Acids easily decom]>ose magnesium selenide, and nitric 
acid (‘onverts the selenide into selenite without loss. Chlorine displaces the 
selenium, and bromine and iodine vapours do the same at a higher temp. 

According to J. J. Berzelius, a pale red pre<*ipitate of hydrated zinc selenide, 
presumably ZnHe, is formed by mixing soln. of a zinc salt and potassium selenide. 
H. Rose, and W. Gidlniann and H. Rose observt'd its occurrence at Andreasberg. 
It is insoluble in water, and decomposed in air, lK‘coming dark red. He found 
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that zinc and selenium combine very imperfectly 
when fused togidlier ; most of the selenium vola- 
tiliz(‘s, and a film of sulphur-ydlow selenide forms 
on the surface of tln^ nietal; but zinc sdenide, ZnSe, 
is readily formed, without ex])losion, when the vapour 
of selenium is passed over zinc at a red-heat. 
L. Moser and E Doctor ])ass(‘d selenium vapour 
over the metal heated in vacuo. M. (diikashige and 
R. Kurosaura found that the fus-d eh merits are not 
ajipreciably miscibhs and the sehmide does not dis¬ 
solve in either element. lienee the f.j). curves have 
the form shown in Fig. 37. If a fused mixture is 
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allowed to cool, tlic two free elements and the coni- 
])ound can be dct(*cted in the solidified ])roduct 
under the microscope. P. Fischer obtained zinc 


sehmide by an electrolytic process. J. Margottet 
obtained zinc sehmide by ymssing the vapour of hydrogen selenide over zinc at a 
red-heat ; and when the amorphous y(‘llow product is heat('d in a slow current 
of hydrogen, it forms yellowish-red \mbical crystals. M. Grzemkowsky did not 
obtain the selenide free from metal by this means. H. Fonzes-Diacon obtained 
zinc selenide by the action of hydrogen selenide on the va]>our of zinc chloride ; 
and M. Grzenkowsky passed hydr^igen selenide over the heatwl chloride and after¬ 
wards washed out the undecomposed chloride by warm water in which the 
selenide is insoluble. H. Jonzes-Diacon also obtained this selenide by reducing 
a mol of zinc selenate with 4 mols of carbon in an electric furnace; or by 
melting zinc selenate in an electric arc furnace. L. Moser and K. Atynsky 
obtained lemon-yellow zinc selenide, ZnSe, by the action of a zinc salt on hydrogen 
selenide out of contact with air. It decomposes on drying. P. Fischer made the 
selenide by electrolysis as in the case of copper selenide 


Aerording to 1. ScliindelineiSM^r, on adding 0-02r> grrn. of Helenioiis acid to the flaak of 
a Marsh s apparatus, the evolution of hydrogen practically (‘eased, tlie pieces of zinc being 
coated with a brown film and a flocculcnt, brown-red precipitate appearing in the acid soln. 
This precipitate was found to be* a zinc selenide containing from 11 to lU per cent, of zinc. 
When aluminium and sodium hydroxide soln. were employed, selenious acid also caus(»d the 
evolution of hydrogen to cease after a tune. In no case was a mirror obtained. Selenious 
acid and arsenioua oxide wore then introduced together into a Marsh's appamtus. So long 
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as selenious acid remained in soln., no arsenical mirror formed, but when the selenium had 
separated as a precipitate, tlie arsenic came over, no trace remaining in the precipitate. 

J. Margottet described the crystals as cubic, but H. Fonzes-Diacoii said that they 
are hexagonal, without action on polarized light. W. P. Davoy found that the 
X-radiogram corresponds with two interpenetrating face*centred cubes calcium 
fluoride type —of side rt=^5*651 A., and a calculated density of 2-283 A. ; and 
W. Zachariaaen, a 5*661 A. L. Pauling, W. H. Rothery, and E. J. Guy discussed 
the spatial relations of the atoms. H. Fonzes-Diac/on gave for tlie sp. gr., 5*42 
at 15''. J. Margottet gave 3*4 for the sp. gr. at 15'’; and F. A. llenglem gave 
26*9 for the mol. vol. M. L. Huggins studied the atomic structure of the crystals. 
M. Grzenkowsky said that the sp. gr. is 5*27 ; and M. Chikashige and R. Kurosaura 
gave 5-29 at 21'’; and added that it does not fuse below ll(X)''. C, Fabre gave for 
the heat of formation of the crystalline selenide (Zn,Senietai)“4^^h40 Gals.: for 
the crystalline precipitate, 34*0 Cals.; and for the amorphous precipitate, 33*6 
Gals. When heated in oxygen, zinc selenite is first formed, and this decom])oses 
into selenium dioxide and zinc oxide. According to J. J. Berzelius, the lemon- 
yellow, amorphous jiowder is decom[)Osed by cold, dil. nitric acid, without the 
evolution of nitrous fumes; the zinc jiasses into soln. and the selenium remains. 
If the acid be heated, the selenium passes into soln. as selenious acid. H. Fonzes- 
Diacon said that fuming hydrochloric acid dissolves tlie selenide vith the evolution 
of hydrogen selenide ; hydrogen chloride gas is almost without action. Chlorine, 
and the vapours of bromine and iodine, displace the selenium. Prei ipitated zinc 
selenide is yellowish-white, and when dried over sulphuric acid in an atrn. of hydrogen 
it i.s pale-yellow. It is cpiickly altered by exjiosure to air and is (oloured red. 
Moist zinc selenide remains yellow if kept in darkness, but is quickly reddened in 
sunlight; well-dried selenide is very little altered by ex])osure to sunlight, the 
oxygen of the air, as well as moisture, also reddens the yellow selenide, and this is 
also the case with hydrogen dioxide. The red colour is due to the separation of 
selenium, which can be removed by wasliing with carbon disulphide. Hydrogen 
dioxide also converts zinc selenide into selenate. 

M. (Chikashige and R. Hikosaka observed that cadmium and selenium unite to 
form cadmium selenide, GdSe. The reaction between the elements begins to be 
appreciable at about 360”, and its velocity increases 
with rise of temp. The cadmium selenide does not 
dissolve in either of the molten elements, which are 
themselves practically immiscible. The f.p. curvi* 
had the form shown in Fig. 38. When, therefore, a 
mixture of the two elements is fused and cooled, the 
jiroduct consists of a mixture of cadmium selenide, 
cadmium, and selenium, which are readily recognized 
under the microscope. The proportion of the com¬ 
pound in the product depends on the temp, to which 
the mixture had been heated and on the length 
of the period of heating. M. Kroger studied the 
mechanism of the reaction lattices between the 
vapours of ciidmium, Od, and selenium, Se^. 

G. Little said that selenium vapour unites witli 
heated cadmium with incandescence, forming cad¬ 
mium selenide. J. Margottet obtained the selenide by heating cadmium in a 
current of hydrogen selenide, and subliming the product in hydrogen at a dull 
red-heat. P. Fischer obtained the selenide by an electrolytic jirocess. M. Grzen¬ 
kowsky found that the selenide obtained by passing hydrogen selenide over 
heated cadmium is always contaminated with some metal, and he obtained 
better results by passing the gas over the heated chloride an<l afterwards w-ash- 
ing out the undecomposed chloride with warm water, which does not attack 
cadmium selenide. H. Fonzes-Diacon also heated cadmium cliloride in a current 
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of hydrogen selenide dil. with hy(irogen. H. Uelsmann, and C. Fabre prepared 
dark brown selenide by the action of hydrogen selenide on a soln. of cadmium 
chloride, sulplial^, or nitrate. L. Moser and K. Atynsky made dark brown 
cadmium selenide as in the case of the zinc selenide. E. Reeb stated that 
hydrogen selenide a(‘ts on soln. of cadmium salts very much like hydrogen sulphide. 
G. Little converted the yellow sulphide into dark grey, tabular crystals by fusion 
witli borax. J. Margottet’s sublimed product appeared in black, prismatic crystals. 
The (‘olour may be pale brown, yellow, or blood-red. W. Zachariasen gave for the 
hexagonal lattice a - 4-30 A., and a:c 1 : 1-630 ; and the calculated density 5*63. 
M. |j, Huggins studied the atomic structure of the crystals. G. Little said that the 
sp. gr. is 5*787 ; J. Margottet, 5*80 ; H. FonzCwS-Diacon, 5*81 at 15° ; M. Chikashige 
and R. Hikosaka, 5-81 at 16^; and M. Grzenkowsky, 5*61. M. Chikashige and 
R. Hikosaka said that cadmium selenide is infusible below 1350°. C. Fabre gave 
26 (Ws. for the heat of formation of the crystalline selenide, and 22*9 Cals, for the 
j)recipitated. Cadmium selenide behaves very like zinc selenide ((lAi.). Acids 
(|uick]y deeompos(‘ cadmium selenide, hut chlorine requires an elevated temp. ; 

ith oxygen it forms cadmium oxide and selenium dioxide. E. Reeb found that the 
precipitated selenide behaves very like the ])rccipitated sulphide. 

It isdoubtful if mercurous selenide, Hg 2 Sc, has been prepared. G. Little^ reported 
it to be formed in purple or violet, cubic crystals, of sp. gr. 8*877, by sublimation 
from a mixture of mercury and selenium, but H. Uelsmann showed that this pro¬ 
duct is probably impure mercuric .selenide. G. Pellini and R. Sacerdoti also failed 
to confirm the existence of mercurous selenide. H. Fonzes-Diacon obtained impure 
mercurous selenide by the action of hydrogen selenide on mercurous chloride, but 
if mercurous a<‘etate be susjieiided in water, acidified with acetic acid, hydrogen 
selenide converts it into a black ])owder of mercurous selenide. L. Moser and 
K. Atynsky obtained a mixture of mercuric selenide and selenium by the action 
of a men'urous salt on a soln. of hydrogen selenide out of contact with air. 
According to J. J. Horzelius, when selenium and mercury are heated together, com¬ 
bination occurs without tlie emission of light. If an excess of mercury be present, 
the distillation of the mercury from the mixture leaves a solid, tin-white, selenide— 
according to 11. IVlsmann, J. Margottet, H. Fonzes-Diacon, and G. Pellini and 
R. Sacerdoti, mercuric selenide, HgSe which, at a high temp., sublimes, without 
fusion, in lamina* with a metallic lustre On the other hand, if selenium be in excess, 
a ])ortion of that element first suldimes; this is followed by a grey sublimation which 
is less distin(‘tly crystalline and finally the tin-white selenide sublimes. J. Margottet 
said that combination of vitreous selenium and mercury occurs at ordinary temp. 
0. Pellini and H. Sacerdoti found that at ordinary j)ress., the combination of mercury 
and selenium, under the action of lieat, takes place slowly, and that an excess of 
selenium is necessary for the ])re})aration of mercuric selenide, HgSe. The excess 
<»f selenium can })e se]>arated from the crystalline selenide by slow fractional distilla¬ 
tion. If the two elements are mixed in at. pro{)ortions, c(»mplete combination occurs 
only in a s(‘aled tube, wlien heated to, 350 ’ fiOO” for some time. The viscid amalgams 
obtained by triturating mercury and selenium in a niortar consist of mixtures of 
mercury and mercuric selenide. Mixtures of the two elements containing 70 to 
98 at. per cent, of selenium undergo ])aitia] fusion, and there is an arrest in the 
cooling curves at 132° 139° ; whil^ the heating curves show an arrest at 216°-218° 
when the jn.p. of selenium is 220°. Mercuric selenide dissolves very sparingly 
in selenium even at a high temp. ; the arrest in the heating curves at 216°-218° 
corresponds with the eutectic 8e4 HgSe ; while the arrest at 132° 134° in the 
cooling curves corresj)onds with the rapid transformation of surfused selenium into 
the stable, metallic form. M. Grzenkowsky found that when hydrogen selenide 
is passed over heated inercury, the resulting selenide l aii })e freed from mercury by 
heating the prodind in a current of hydrogen. H. Fonzes-Diacon obtained cubic 
crystals of mercuric selenide by the action of hydrf)gen selenide on the vapour of 
juercuric chloride. H. Uelsmann obtained mercuric selenide by passing hydrogen 
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selenide into a soln. of mercuric chloride. At first ^mrmric selevochloride, HgSeCl, 
is precipitated, but this soon passes into the selenide. L. Moser and K. Atynsky 
obtained black mercuric selenide in an analogous way. 

H. Rose found at Tilkerode, Harz, a mineral which he regarded as a mixture of 
lead and mercury selenides, and which C. M. Marx found to be a compound of 
selenium and mercury. C. F. Naumann called it tiemannite —after W. Tiemann. 
Occurrences in other parts of the Harz were described by W. J. Jordan, C; F. Ram- 
melsberg, G. Frebold, H. Rose, W. Geilmann and H. Rose, and B. Kerl; in Cali¬ 
fornia, by J. D. Dana, I. Domeyko, and G. F. Becker; in Utah, by G. J. Brush, 
and 8. L. Penfield ; and in the Sierra de Umango, Argentine, by F. Klockmann. 
The best representative value of the analyses, reported by B. Kerl, T. Petersen, 
C. F. Rammelsberg, S. L. Penfield, and F. Klockmann, is HgSe, although C. F. Ram- 
melsberg gave Hg 5 Se 5 , which he was inclined to regard as a mixture of mercuric 
and mercurous selenides, 4HgSe+Hg2Se. W. Geilmann and H. Rose observed 
that tiemannite grows as a solid crust on clausthalite in contact with mercuric 
chloride at 300®. The mineral commonly occurs in steel-grey or dark lead-grey 
compact or granular masses ; it also occurs in cubic crystals, usually tetrahedral in 
habit, and exhibiting twinning about a trigonal axis. There is no cleavage, 
according to F. Fouque and A. Michel-Levy. The violet or purple, cubic crystals 
obtained artificially by G. Little, and the steel-grey, octahedral crystals by H. Uels- 
mann, and J. Margottet, have not been definitely identified with tiemannite. 
W. F. de Jong found that the X-radiogram indicates a space-lattice like sphalerite 
with side a—8*41 A. ; and the distance between the selenium and mercury atoms, 
2*62 A. W. Hartwig’s X-radiogram corresponds with a space-lattice of the zinc- 
blende type. W. Zachariasen gave for the four-centred cubic lattice a - 6*068 A. 
M. L. Huggins studied the atomic structure of the crystals. B. Kerl gave 7*10 to 
7*37 for the sp. gr. of the mineral; T. Petersen gave 7*15 ; and S. L. Penfield, 8*305 
to 8*473. The lower values probably apply to impure specimens. J. Margottet 
found 8*165 to 8-21 for the sp. gr. of the artificial selenide ; H. Fonzes-Diacon, 
8-207 at 15® ; and M. Grzenkowsky, 7*78 F. A. Henglein gave 34*1 for the mol. 
vol. The hardness of the mineral is about 2*5. H. Fonzes-Diacon found that 
when mercuric selenide is heated in a closed tube, it sublimes without melting, 
while mercurous selenide gives a sublimate of mercuric selenide and mercury 
droplets. C. Fabre found that the heat of formation of the crystalline selenide 
from its elements is 19*70 Cals., and for the precipitated selenide, 16*CK> Cals. 
F. Bcijerinck, and R. G. Harvey said that the mineral is a good conductor of 
electricity. E. T. Wherry found tiemannite to be a fair radio-detector. 

According to H. P^labon, mercury selenide is attacked by hydrogen at temj). 
above 400° with the production of hydrogen .selenide and mercury, the reaction being 
limited by the inverse action of hydrogen selenide on mercury. The proportion 
of hydrogen selenide found in the gaseous products of the reaction increases with the 
temp, and with a diminution of the initial press. Thus, at 540° with an initial press, 
of 760 mm. equilibrium is attained when 15 per cent, of hydrogen selenide is present, 
whilst at 440° only 0*52 per cent, is formed. On the other hand, with initial press, 
of about 380 mm. and 190 mm. at 540°, the percentages of hydrogen selenide formed 
become 19 and 27 respectively. . When heated in dry oxygen mercuric selenide 
gives a sublimate of selenium dioxide, and this is followed by brown vapours which 
condense to mercurous selenite ; mercurous selenide also forms selenite when 
heated in oxygen. Hydrogen dioxide converts mercuric selenide into selenate and 
selenic acid. Cone., boiling hydrochloric acid does not attack mercuric selenide, and 
if heated in hydrogen chloride, the mercuric selenide sublimes. Boiling sulphuric 
acid gives sulphur dioxide, forming mercury sulphate, and a green liquid containing 
free selenium. J. J. Berzelius found that mercuric selenide readily dissolves in 
cold aqua regia, forming mercuric selenite, while continued boiling with nitric acid 
converts it into mercurous selenite. H. Fonzes-Diacon found that mercurous 
selenide is easily attacked by cone, nitric acid, but the attack soon ceases because of 
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the formation of a protective film of mercurous selenite. E. Reel) said that in many 
of its properties mercuric selenide behaves like mercuric sul])hide. 

H. Rose said that mercuric sulphide and selenide are is()mor})hous and are 
miscible, as solid soln., in all proportions. The isomorphous mixture is represented 
by a mineral described by C. M. Kersten, and H. Rose as a selenschwefelquecksilber. 
A. Breithaupt called it mercury qlamr ; and W. Haindinger, 0110frite» in reference 
to the fact that it was first obtained from San Onofre, Mexico. This may be the 
sulphoselenide of mercury described l)y A. M. del Rio in 1828, to which allusion has 
been made in connection with the occurrence of selenium. Occurrences also have 
been reported in Marysvilh^, Utah, by G. J. Brush, J. S. Newberry, and S. L. Pen- 
field; and in Kwei-Chau, China, by P. Termier. Analyses detailed by H. Rose, 
8 . L. Penfield, G. J. Brush, and P. Termier, indicate that the mineral may be a 
mercuric sulphoselenide, HgSe.HgS, associated with more or less mercuric sulphide 
—say, Hg 8 e.HgS-f 3 Hg 8 —or else, as S. L. Penfield regarded it, an i 8 omor])hous 
mixture of mercuric sulphide and selenide, Hg( 8 ,Sc). It occurs compact, and 
granular, and of a greyish-black colour. W. Hartwig found that the space-lattice 
is of the zinc-blende type. Tlic sp. gr. given by G. J. Brush ranges from 7*61 to 
7-63; and by S. L. Penfield, 7*98 to 8*09. Th(‘ hardness is 2*5. PI T. Wherry 
found the mineral to be a y)oor radio-detector. The mineral is not attacked by 
hot or cold nitric acid ; but it is decomposed by aqua regia, and by chlorine. 

A mineral from CJuadalcazar, Mexico, wa.s dc^scribed by A. del Castillo and H. J. Biirkart, 
and named by M. Adam, gtiadalcazitc, and by T. Peterson as guadalcazarite. Its composi¬ 
tion approaches closely to that of metaciimabarite ; analysers reported by T. Petersen, and 
C. F. Hammelst>erg indicate 14-01- 14-58 per cent, sulphur ; up to 108, selenium ; 79-73 - 
83*90, moreury ; and 2*09 to 4-23, zinc. Its sp. gr. is 6-09 to 7-105, and its hardness 2*5. 
A. d'Acbiardi reported a mineral from the mercury mines of Levigliaiu, Sernve^zza, Apauii 
Alps, Italy, and named it leviglianite. It is considered to bo a ferruginous variety of quadal- 
cazarite. W. Hartwig found that the s]m(*e-iatti(‘e is of the zinc-blende typo. T. W. Case 
found that its liigh resistance is not affe<-ted ayipreciably by light. 

H. Uelsmaiin ® prepared mercuric oxydiseienidet Hg0.2HgSe, by boiling dicbloro- 
diselenide with soda-lye. When heatotl it forms a sublimate of mercurous selenide and 
mercury. It readily dissolves in aqua regia, J. .1. lierzelius obtained a glass spiess by 
fusing together a mixture of antimony trioxide and triselenide, assumed, without justitiea- 
tion, to be atUitnamj oxy»elemde. H. Fonzes-Diacon prepared a manganese oxyseUnaie by 
heating manganese stdonate to redness in a current of hydrogen. The greenish product 
develops hydrogen selenide when treated with hydrochloric acid ; and when heated in air, 
it burns to manganese and selenium oxides. He also obtaiii<*d cobalt oxyselenide in a similar 
way ; and likewise also with nickel oxyselentde. Tiieso oxyselenifles may be only mixtures. 

H. Moissan observed that at 610° boron cx)mbines energetically with selenium 
to form a selenide. P. Sabatier ])repared boron triselenide, or selenium horde, 
B 2 Se 3 , by passing a slow, regular current of dry hydrogen selenide over boron, 
maintained at a bright-red heat, in a hard glass tube. The brownish-black 
boron is transformed into the yellowish-grey boron selenide without fusion, a 
little of the compound only being deposited in a pulverulent state on the tube 
beyond the boat. The selenide is much less fusible and volatile than the corre¬ 
sponding sulphide. Water acts violently on the grey boron selenide, disengaging 
hydrogen selenide, and at the same time liberating some red, pulverulent selenium ; 
hence, doubtless, the disgusting odour of the substance is due to the action of atm. 
moisture. The yellow, pulverulent selenide deposited beyond the boat is decom¬ 
posed by water without deposition of selenium ; hence its composition is doubtless 
comparable with tliat of the sulphide, and would be represented by B 28 e. This 
formula agrees with the analyses. If the residue obtained in the preparation of the 
triselenide be treated with water, the brown residue which remains may be a 
subselenide—possibly boron tetritaselenide, but it has not been carefully 

examined. J. Hoffmann observed that boron is a product of the action of selenium 
on iron boride or ferrobon)n, and on manganese boride, as well as of hydrogen 
selenide on iron boride. 

J. J. IWzelius ® found that an aq. soln. of potassium j)olyselenide gives a flesh- 
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(‘oloured precipitate with 8 oln. of aluminium salts. The product loses selenium at 
a red-lieat. It was probably a mixture of selenium and aluminium selenide. 
According to F. Wohler, aluminium at a red-heat unites with selenium with 
incandescence, forming a black powder which, by pressure, acquires a dark, metallic 
luvstre ; emits an odour of hydrogen selenide when exposed to air ; and rajiidly 
evolves that gas, with the separation of selenium, when treated with water. 
H. Fonzes-Diaoon ignited an intimate mixture of selenium and fine aluminium 
powder by means of a burning magnesium ribbon. The combustion is propagated 
throughout the mass, and a yellowish-grey fibrous mass of aluminiam selenide, 
Al 2 Se 3 , is obtained below a black layer of impure selenide. It evolves hydrogen 
when treated witli water. These results were confirmed by C. Matignon. 
1). M. Liddell obtained the selenide by dropping selenium into molten aluminium. 

L. Moser and E. Doctor prepared the selenide ALSe^, by passing the vapour of 
selenium over aluminium heated in vacuo, and also by H. Fonzes-Diacoii’s process. 
The light brown powder so formed was unstable in air. L. Moser and K. Atynsky 
said that J. J. Berzelius’ statement that hydrogen selenide gives a dark red aluminium 
selenide when jiassed into a soln. of an aluminium salt is not correct; they could not 
make the selenide by the action of an aluminium salt in a soln. of hydrogen selenide. 

M. Chikashige and T. Aoki examined the f.p. of mixtures of the two elements, and 
the results are summarized in Fig. 39. The maximum at 953" corresponds with the 
formation of aluminium tetratritaselenide, Al 38 e 4 . 

The formation of this compound by heating the two 

elements together is frequently accompanied by an -—- 

explosion unless the mixture contains more than 90 soo"" —- j- -- 't- 

])er cent, of selenium. The compound crystallizes - ~ V 

out fiom all fused mixtures of the two elements, —ss*- y 

and in accordance with this, the two branches of 

the compound curve on the f.p. diagram cover the ^ 

whole of the region from pure aluminium to pure __^ 

selenium. The eutectics are therefore very nearly _ _ 

coincident with the f.]). of the two elements. Alii- ^ 4 I I 1 1 I I 1 

minium selenide decomposes in contact with moist ^ cent 

air with the formation of hydrogen selenide and „ or. . r. 

aluminium hydroxide. H. Fonzes-Diacon gave Aluminium and Selenium. 
3-437 for the sp. gr. of aluminium .selenide, AloHe^, at 

15". Hydrogen was without action at a white-heat: if heated in oxygen, a sujier- 
ficial film of alumina is formed ; the selenide is ([uickly attacked by humid air, 
giving off hydrogen selenide ; with water freed from air, torrents of hydrogen 
selenide are given off; chlorine transforms the heated selenide into selenium and 
aluminium chlorides ; hydrochloric acid rapidly attacks it with the evolution of 
hydrogen selenide: dil. sulphuric acid acts similarly; and when mixed with 
carbon it can be heated in an electric arc sans itre sensihletnent decompose, G. Natta 
studied the action of aluminium selenide on alcohols and ethers. 

C. Renz ® found that an indium Selenide can be formed as a black firittle mass, 
by the direct union of the elements. According to W. Crookes, A. Lamy, and 
E. Carstanjen, a gram-atom of selenium unites with two gram-atoms of thallium 
when the elements are melted together, and the reaction is not attended by incande¬ 
scence. T. Murakami, how^ever, did obtain the triselenide in two forms. His 
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observations on the f.jx of the system are summarized in Fig. 40. There are three 
compounds, of which two jiresent themselves as maxima on the f.p. curve, whilst the 
third decomposes below its m.p. Tliere are three eutectic points, at 281", 283", 
and 150" respectively. These correspond wdth alloys containing 1 jier cent., 21 
per cent., and 52 per cent, of selenium respectively. The monoselenide melts at 
368", and TlSe at 310". The triselenide decomposes at 265", and undergoes a 
transformation at 165°. There are two gaps of miscibility in the liquid state, 
extending from 4 to 14*5 per Cent. Se, and from 55 to 97*5 per cent. All the com- 
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pounds are brittle. H. Pelabon found that mixtures with over 50 per cent, of 
selenium solidify between 178° and 195°, one of the liquid phases being the penta- 
selenide and the other a soln. of this Jii selenium. The m.p. curve has a eutectic 
at 315° corresponding with 42-9 at. j)cr cent, of selenium. The curve then rises to a 
maximum at 332° representing tlie thallosic selenide, TlSe, that is, Tl 2 Se.Tl 2 Se 3 , 
and finally fails to 195°, the m.p. of thalli nm pentaselenide, Tl 2 Se 5 . There is no 
break corre8})onding with thallinm triselenide, Tl^Ses ; nor could E. Carstanjen 
prepare the trisulphide. L. Rolla measured the variation in the surface tension of 
the alloys and observed evidence of only TUSe and TlSe, but not of Tl 2 Se 5 or Tl 2 Se 3 
F. Kuhlmann obtained thallous selenide, Tl 2 Se, in dark grey plates, by the action of 
hydrogen selenide on a soln. of thallous carbonate. L. Moser and K. Atyrisky 
obtained bluish-black thallous selenide in a similar way. The product obtained by 
the fusion process is dark grey or black, hard, brittle mass with a conchoidal, not a 
crystalline, fracture. The metallic lustre soon tarnishes on exposure to air. 
F. Kuhlmann gave 340°, and H. Pelabon, 338° for the m.p. F. Kuhlmann added tliat 
there is a large contraction when the molten selenide freezes. C. Fabre gave 17*72 
Cals, for the heat of formation of the crystalline selenide, and 14*72 Cals, for the 
jirecipitated. If. Pelabon measured the electrical resistance of TLSe. E. Carstanjen 
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found that thallous selenide is scarcely attacked by cold, dil. sulphuric acid, but when 
heated hydrogen selenide is slowly evolved. F. Kuhlmann found that the precipi¬ 
tated selenide furnishes hydrogen sulphide when treated with sulphuric or hydro¬ 
chloric acid ; and with nitric acid, it forms thallous selenite. E. Carstanjen 
obtained thallosic selenide by fusing two gram-atoms of thallium with more than 
one gram-atom and less than three gram-atoms of selenium. The liquid solidifies to 
a black crystalline mass, which is not attacked by cold, cone., or by boiling, dil. 
sulphuric acid ; but hot, cone, sulphuric acid yields sulphuric dioxide, a red deposit 
of selenium, and a green liquid. A. E. Nordenskjold reported a leaden grey, 
compact, and brittle mineral from a mine at Skrikerum, Sweden, and he named it 
orookesite —after W. Crookes. Its conqiosition approximates copper, silver, 
thaUium selenide, (Cu,Ag,Tl) 2 Se. Its sp. gr. is 6*90, and its hardness is 2*5 to 3*0. 
T. W. Case found that its high resistance is not appreciably affected by light. 

J, J. Berzelius found that when aq. soln. of cerous salts are treated with an alkali 
selenide, a pale red precipitate, probably of impure hydrated cerous selenide, is formed. 
It becomes darker in colour on ex])osure to air. if cerous selenite be heated in a 
current of hydrogen, cerous selenide is formed. If some ceric oxide be present, a 
portion of the selenium passes off with the hydrogen. The brown j>owder is unstable 
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giving off hydrogen selenide. When heated in air, a sublimate of seleiiiuni dioxide 
is formed, and leaves behind a white basic ceric selenite. When the selenide is 
treated with the weakest of the acids, hydrogen selenide is formed, but wnter itself 
has no action. 

According to A, von Bartal,^^ on distilling a mixture of J mol of <‘arbon tetra- 
bromide with 2 rnols of amorjdious red selenium, a small quantity of a reddish- 
yellow oil passes over between 160^^ and 190^^; the fraction distilling about 190" sets 
to a red solid on cooling. The residue, after extraction alternately with carbon 
disulphide, phenol, alcohol, and ether, yields a greyish-black |>owder having the 
composition C 9 Br 28 e 4 ; it decomposes at high teni}). and dissolves in cone, sulphuric 
acid to a reddish-brown soln. Heated with very cone. sodiun\ hydroxide it gives 
carbon tetritaselenidCt C 4 Se, as a black amor})hous powder which is sparingly 
soluble in hot, cone, sulphuric acid, forming a ])ale brown soln. It is infusible, and 
decomposes when heated, glowing in air, and leaves no residue. It is ditlicult to 
prepare free from bromine. If hydrochloric acid be added to tlie soln. of (V,Br 2 Sc 4 
in soda-lye, a dark violet-brown powder of carbon pentitadiselenide, 
precipitated. These two selenides are sup])osed to be constituted : 


C: 

C: C 


Se 


('arhdii tetritast“leTiid(‘, 


C:C:Se 

C:(^8e 

Carbon peiititadjsolcniiio, C^S(s 


The pentitadiselenide has a conchoidal fractun*. It neither fuses nor sublimes ; 
but when heated in air it glows and burns, leaving only a trace t>f residue which 
probably represents contamination with a sodium salt. Hot coru*. sulpliuric acid 
forms a reddish-brown soln.; it also forms a reddish-brown soln. with soda-lye, and 
is again precipitated by neutralizing the liquid with hydrochloric acid. 

In 1869, B. Rathke prepared carbon diselenidCy CSe 2 , by tlic action of moist 
vapour of carbon tetrachloride on phosphorus peiitaselenide ; the stream first 
forms hydrogen selenide, which then reacts: (Ul 4 + 2 H 2 Se -C 8 e 2 +' 111 C 1 . The 
compound is not obtained by the action of the vapour of selenium dioxuh* on retl- 
hot carbon, by melting a mixture of potassium ferrocyanide with an excess of sele¬ 
nium, or by heating a mixture of phosphorus selenide, water, and carbon tetra¬ 
chloride in a sealed tube. Neither A. Stock and E. Willfroth nor H. V. A. Briscoe 
and co-workers were able to prepare carbon diselenide by the action of selenium 
vapour on carbon at 1000 "^, but a partial replacement may occur —vide infra, carbon 
sulphoselenide. A. von Bartal’s attempt to prepare carbon diselenide by passing 
carbon tetrachloride vapour over cadmium 8 (dcnid(‘, heated to a dull red- 
heat, resulted in the formation of a mixture of hexachloroethane, selenium 
chloride, selenium, and a trace of carbon diselenide. Carbon diselenide, said 
B. Rathke, is a greenish-yellow liquid which smells not unlike carbon disulphide*. 
The carbon diselenide boils near 90°. A soln. of carbon diselenide when boiled 
with potash-lye forms a dark brown soln. of potassium selenide; with alcoholic 
soln. of potassium hydroxide, a deep red soln.; and with a cone. soln. of potassium 
hydroxide in alcohol, yellow needles of potassium selenoxauthate are formed. 
B. Rathke said that the characteristic radish-like odour of selenium when heated in 
charcoal in the blowpipe is due to carbon diselenide and not to a suboxideof selenium. 

If a soln. of selenium dioxide be treated with calcium silicide and a little hydro¬ 
chloric be added, a vermilion selenosilwAm, analogous to F. Wohler's sulphosilicon 
— 6 . 40, 60—is obtained. It smells of hydrogen selenide, and with ammonia gives 
off hydrogen. When heated it gives off selenium and hydrogen selenide. Ac 4 ?ord- 
ing to P. Sabatier, when crystalline silicon is heated to redness—below the b.p. of 
selenium—^in a current of dry hydrogen selenide, it is converted into silicon diselc- 
nidCy SiSe 2 , without incandescence. After fusion, the diselenide is a hard, lustrous 
mass, of semi-metallic appearance. Under ordinary conditions, silicon selenide 
evolves a very irritating odour, due, doubtless, to the hydrogen selenide fcirmed by 
the action of the moisture in the atm. At a red-heat in a current of air, or dry 
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oxygen, the selenide is converted into silica, selenious anhydride, and selenium. 
Cold water decomposes it with evolution of hydrogen selenide and separation of 
silica, but after a time decomposition slackens, and, although it is accelerated on 
warming, the silicon selenide is never completely decomposed, probably because it 
is protected by the silica that separates. With potassium hydroxide soln., which 
dissolves both the hydrogen selenide and the silica, deconij)osition becomes complete 
after some time. Aqua regia acts gradually on the selenide with separation of 
hydrated silica. A. K. van Arkel and J. H. de Boer made titftIUQlll S6l8]lide by 
fiassing the vapour of the metal chloride and selenium over a heated tungsten 
filament; I. Oftedal also made the selenide, TiSe 2 , by heating an intimate mixture 
of the elements. The tabular, red, hexagonal crystals have an X-radiogram 
corres[K)nding with a hexagonal lattice with «-==5'l>95A., r;^3*533A., and a : c 
1 : 1 - 597 . The calculated density is 5*29. The crystals are similar to those of cad> 
mium iodide, stannic su]i)hi(]c, and titanium sulphide and telluride. G. Natta, 
and V. M. Goldschmidt studied the structure of the crystals. A. E. van Arkel 
and J. H. de Boer similarly ])reparcd sdrconium selenide» ZrScg, and hafnium 
selenide, nf 8 e 2 . According to A. E. van Arkel, zirconium selenide crystallizes in 
the trigonal system and has the axial ratio a:c : 1 63, and the edge of the hexagon 
is 3‘79 A., and there is one mol in a unit cell. G. Natta and V. M. Goldschmidt 
mad(‘ some observations on this subject. II. Moissan and H. Martinsen prepared 
a thorium selenide by the action of the selenium vapour, mixed with hydrogen, 
on tliorium tetrachloride or tetrabromidc'.; or, according to H. Moissan and A. iStard, 
on thorium carbide. The black mass gives of! hydrogen selenide when treated with 
acids. A. E. van Arkel and J. H. de Boer made thorium selenide by the process 
used for titanium selenide. 


According to J. J. Berzelius,tin unites directly with selenium when a mixture 
of the two elem(‘nts is heated ; and the comhination is attended by incandescence. 
H. Pelaiion found that the f.p. of mixtures of tin wdtli increasing [iroportions of 
selenium rises first ra])i(lly, then more gradually, to the maximum point 860"" and 
640^', the t^^o f.p. of the mixture eorresponding with sesquiselenide, KSiigSe;^ ; after 
that the curve falls very gradually to 550'', the f.p. of the mixture containing 30 
gram-atoms of selenium to one of tin, and shoAvs no peculiarity for the diselenide, 
SnSco. W. Biltz and W. Merklenburg’s results are illustrated in Fig. 41. The 
maximum at 861° corresponds with the formation of the monoselenide ; and the 
break near 050° corresponds with either the sesquisuljihide or the disii][)]iide. The 
two eutectics consist of almost pure tin and selenium respectively. 

J. J. Berzelius, and H. Uelsmarm j)repared stannous selenide (»r tin mono- 
selenide, SiiSe, by direct fusion of a mixture of the elements. Tlie conditions of 



Per cer^t Se 


Fio. 41.—Freczang-])oiiit Vuvve 
of Mixtures ot Tin and 8u- 


(‘(jiiilibrium are indicated in Fig. 41. A. Ditte 
melted the mixture of elements in a jiorcelain boat 
in a current of hydrogen, and found that the molten 
mass begins to distil at a bright red-heat, forming 
a green va})our. The distillation readily proceeds 
at a white-heat, and crystals of the monoselenide 
c ollect m the cooler part of the tube. R. Schneider 
obtained the selenide by adding jiowdered selenium 
to molten, anhydrous stannous chloride, and heat¬ 
ing the mixture until the liquid is clear. Some 
stannic chloride volatilizes, aiicl on cooling, crystals 
of the monoselenide remain. These are freed from 


leniuin. stannous chloride by washing with dil. hydro¬ 

chloric acid. L. Moser and K. Atynsky obtained it 
by the action of a stannous salt on a soln. of hydrogen selenide out of contact 
with air. Ordinary stannous selenide can be purified by recrystallization from 
molten stannous chloride. H. Uelsmann jirecipitated dark brown or black 
stannous selenide by passing a current of hydrogen selenide into a soln. of 
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stannous chloride. The fused selenide is a steel-grey, crystalline inass; and 
that crystallized from stannous chloride appears in steel-grey prisms or plates, 
which, according to R. Schneider, are probably isomor])lioii8 with siannous 
sulphide, and their sp, gr, is 5*24 at 15°; A. Ditte said that the sublimed 
selenide has a ap. gr. of 6*179 at 0°. H. Pelabon gave 860' for the m.p , and 
W. Biltz and W. Mecklenburg, 861°. 11. Pelabon studied the thermoelectric force 

of platinum coupled with tin-selenium alloys of different composition. The form 
of the curves varies with the temp., but all show an angular point corresponding 
with the selenide Sn8e. The selenide SnSe 2 is not indicated by any jiarticular change 
in direction of the curve. At the hot juncture the current passes from ))]atinura 
to the alloy for Pt-SnSe, and from the alloy to jdatinum for Pt-SnSe^. A coiijde 
formed by platinum and an alloy of composition intermediate between that of the 
tw'o selenides, and varying slightly with the temp., will have no thermoelectric 
force. According to A. Ditte, the monoselenide may be volatilized unchanged in an 
atm. of hydrogen, but at a white-heat a little hydrogen selenide is formed. 
W. Herz gave 1133 X - for the vibration frequency of SnSe. J. J. Berzelius found 
that when heated in air, without fusion, selenium is volatilized and stannic oxide 
remains. The monoselenide is insoluble in water ; and, according to R. Schneider, it 
is oxidized by a carbon disulphide soln. of iodine, or by heating it with iodine, forming 
stannic selenide and iodide ; bromine acts in an analogous manner. A. Ditte said 
that stannous selenide behaves very like stannous sulphide towards hydrogen 
chloride ; at ordinary temj). there is no action ; at a red-heat, stannous chloride and 
selenium, wdth a little hydrogen selenide, are volatilized. At ordinary temp., crystal¬ 
line stannous selenide is not attacked by hydrochloric acid, but it is slowly attacked 
by the boiling acid, and a state of equilibrium ensues as in the case of stannous 
suljihide. Hot, cone, nitric acid slowly oxidizes stannous selenide, forming selenium 
and tin dioxides ; it is easily dissolved by aqua regia. Precipitated stannous 
selenide is easily attacked by alkali-lye, but the boiling lye has very little action on 
the crysiallized selenide ; both forms readily dissolve m soln. of alkali sulphides or 
selenides to form sulpho- for selenost annates. 

R. Sclineider said that stannic selenide, or tin diselenide, SiiSe 2 , cannot he pre- 
])ared by a method analogous to that used for making muscovite gold ; but G. Little 
obtained it by passing the vapour of selenium over heated tin. The conditions 
under wdiich the diselenide can be obtained from its elements are indicated in Fig. 
41. According to R. Schneider, 5 parts of iodine arc triturated with 8 to 10 parts of 
stannic iodide, and then with stannous selenide, and finally wdth enough carbon 
disuljihide to make a mushy mass; the carbon disuljdiide extracts the stannic 
iodide, leaving stannic selenide as a residue, d. J. Berzelius treated a soln. of 
stannic chloride with hydrogen selenide, and obtained stannic selenide as a dark 
yellowish-red or reddish-brown j)recipitate ; L. Moser and K. Atynsky used an analo¬ 
gous jiroccss ; and A. Ditte, by treating a soln. of an alkali selenostannate or 
sulphoselenostannate with hydrochloric acid. The fused diselenide appears as a tin- 
white or dark brown mass with a conchoidal fractun*. V. M. Goldschmidt studied 
the structure of the crystals. G. Idttlc gave 5*133 for the sp. gr., and R. Schneider, 
4*85. W. Biltz and W. Mecklenburg gave 65fP for the m.p. H. Pelaboifs 
observations on the thermoelectric projierties have been discussed in connecton 
with the monoselenide. H. Uelsmann found that when the diselenide is 
heated in hydrogen it forms the monoselenide. The diselenide, said R. Schneider, 
is not attacked by water or by dil. acids, and G. Little, not by hydrochloric acid, 
but R. Schneider said that it is attacked by the boiling acid. When melted 
with iodine, or treated with a soln. of iodine in carbon disulphide, selenium and 
stannic iodide are formed : SnSe 2 -f 212 “ 2Se4 SnT 4 ; bromine acts in an analo¬ 
gous way. Tin diselenide is decomposed by nitric acid ; and is readily dissolved by 
aqua regia, particularly if warm, cone, sulphuric acid dissolves the diselenide, forming 
an olive-green soln. which gives a precipitate of selenium when poured into water, 
while stannic sulphate remains in soln. The diselenide is dissolved by aep ammonia, 
VOL. X. 3 JC 
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or by alkali-lye, particularly if warm; forming a blood-red soln. from whicii hyd.ro- 
chloric acid precipitates dafk red tin diselenide. H. Uelsmann found that precipi¬ 
tated stannic selenide forms a blood-red soln. with alkali-sulphides, and the soln., 
when exposed to air, soon deposits selenium. According to A. Ditte, when stannic 
selenide is dissolved in a soln. of potassium selenide, and the clear liquid evaporated 
in vacuo, crystals of potassium selenostannate, K 28 nSe 3 . 3 H 20 , are formed ; they 
rapidly change when exposed to air; similarly with sodium selenostannate, 
Na2SnSe3.wH20. These compounds have properties resembling those of thiostan- 
nates. 

According to J. J. Berzelius,!^ lead and selenium unite when heated, with the 
evolution of light and heat, forming a grey, porous mass which becomes silver-white 
when burnished. A small proportion of selenium united with lead renders it whiter, 
less ductile, and more fusible. K. Friedrich and A. Leroux were able to determine 
only a single branch of the f.p. curve of selenium and lead. The eutectic lies close 
to the lead end ; and there is a maximum at 1065^ corresponding with lead selenide» 
PbSe. According to H. Pelabon, lead combines directly with selenium, and the 
])Toduct forms homogeneous mixtures with an excess of either constituent. Lead 
alone commences to solidify at 325^ ; at 745®, if 2 per cent, of selenium is present, 
and at 800°, if 4*5 per cent, is present. In thcvse cases, the completion of the 
solidification occurs nt 325°. With increasing jiroportions of selenium the f.p. rises 
until it reaches a maximum at 1065°, with 27*62 per cent, of selenium. This 

corresponds with lead selenide. Mixtures with less 
selenium arc therefore mixtures of lead and lead 
selenide. As iho amount of selenium increases be¬ 
yond 27 per cent., the f p. falls rajiidly to G73\ and 
Ihcre remains constant for mixtures containing 45 
to n(‘arly UK) ])er cent, of selenium. Mixtures con¬ 
taining over 45 per cent, of selenium separate into 
tv%o layers: tlic upper layer is selenium alone, the 
lower one, solidifying at 673°, is a soln. of selenium 
in lead selenide, and not lead diselernde, PbSe 2 , be¬ 
cause (i) when allowed to solidify in a vacuum it 
rapidly loses selenium; (ii) on heating it loses 
0 20 ^ $0 80 WO without melting, until PbSe remains ; (iii) 

Perce/ftSe selenium can be removed by washing with hot 

„ ^ potassium cyanide soln. The lower layer of 

of Alloys of Lead and So- the hrpiid just indicated solidifies to a greyish-black 
lenium. solid with a lamellaceous fracture. Mixtures con¬ 

taining 27 to 45 per cent, of selenium are solus, of 
lead selenide and selenium. Fig. 42 is compiled from both sets of obser¬ 
vations, 

J. Margottet, and G. Little fireyiarcd load selenide by heating a mixture of the 
two elements, above the m.p. of lead. The mixture begins to spit at a dull red-heat, 
combination occurs, and the mixture solidifies. F. Rossler melted an intimate 
mixture of 50 grms. of lead and one gram of selenium under borax, and allowed it 
to cool slowly. The cubic crystals are separated from the matrix by using the 
product as anode in the electrolysis of a soln. of 50 grms. of lead and sodium 
acetates in 600 c.c. of water and 10 c.c. of acetic acid, and a current density of 2-3 
amp. per sq. dm. A. C. Vournasos melted a mixture of the two elements under 
paraffin, H. Fonzes-Diacon reduced lead selenate to selenide by means of hydrogen 
at a white-heat, also by means of 4 times its wt. of carbon in an electric furnace ; he 
also obtained it by the action of hydrogen selenide, mixed with nitrogen, on lead 
chloride at a red-heat; and by heating lead seienochloride with hydrogen, boiling 
water, or cone. soln. of potassium hydroxide or sodium thiosulphate. J. J. Berzelius 
also obtained the selenide by the action of hydrogen sdenide on a soln. of a lead 
salt; and L. Moser and K. Atynsky obtained the black selenide in an analogous 




SELENIUM 


787 


way. J. Brooks obtained the hydrosol by the action of hydrogen selenide on a sola, 
of lead acetate and gelatin. 

In 1805, J. C. L. Zincken examined a mineral from Zorge, Harz, before selenium 
was discovered, and it seems to have been regarded as a cobaltiferous galena, for 
J. F. L. Hausmann called it Kobahbleierz, It was not until 1821 that F. Stromeyer 
and J. F. L. Hausmann showed that the mineral is a lead selenide, and they called 
it Selenbleiy and when cobalt was present, H. Rose called the mineral Selenblei mil 
SelenJcohaU, and J. C. L. Zincken, Selenkobaltbki. F. S. Beudant named it 
clausthalie, in allusion to its occurrence at Clausthal, and J. 1). Dana altered this to 
clausthalite. W. Haidinger suggested calling the variety containing cooalt, 
tilkerodit€y from Tilkerode, where it occurs, and E. F. Glocker included both minerals 
in the general term Selenbleiglanz, but the name clausthalite has taken its place. 
Occurrences in the Harz were described by G. Freehold, J. C. Zimmermann, 
0. Luedecke, J. C. L. Zincken, W. Geilmann and H. Rose, and H. Rose ; in Saxony, 
by A. Frenzel, and C. M. Kersten; in the Argentine, by L Domeyko, and A. Stclzner; 
and in Spain, by A. Breithaupt. Analyses r(‘ported by F. Stromeyer and 

J. F. L. Hausmann, H. Rose, C. F. Rammelsberg, and I. Dornekyo are close to 
requirements for lead monoselenide, PbSe, with u]) to 3*14 per cent, of cobalt. 
The mineral is lead-grey, and occurs in fine granular masses, sometimes foliated, 
and rarely in cubical crj^stals, with cubic cleavage. The artificial selenide may 
appear as a black powder, in needles, rectangular plates, or cubical crystals or 
prisms, lead-grey or bluish-black in colour. 8. von Olshausen found that 
the X-radiogram agrees with the face-centred cubic lattice of the caisium 
chloride type with side a “0*162 A., and sp. gr. 8*139. L. Pauling, and L. S. Rams- 
dell studied this subject. F. Stromeyer and J. F. L. Hausmann gave 7*697 for 
thesp. gr. of the mineral. C. M. Kersten gave 7*70 to 7*71, and A. Stclzner, 7*6. 
For the artificial fused selenide G. Little gave 8*154, H. Fonzes-Diacon, 8*10 for 
the crystals at 15'\ and F. A. Henglein and R. Hoih, 8*07 ; and F. A. Hengloin gave 
35*3 for the mol. vol. The hardness of the mineral is about 2*5. K Friedrich 
and A. I.(eroux, and H. Pelabon, gave 1065° for the m.p. C. Fabre gave 15*76 
Cals, for tlip heat of formation of crystalline lead selenide, and 12*96 Oals. for 
the precipitated selenide. A. de Grainont examined the spark spectrum. W. Herz 
gave 3 * 29 x 10^2 {qj. the vibration frequency of PbSe. 1^. Beijcrinck, and 

K. G. Harvey found that it is an electrical conductor. E. T. Wherry found 
clausthalite to be a fair radio-detector. T. W. Case found that its resistance is 
less than a megohm, and is not affected by light. H. Fonzes-Diacon said that lead 
selenide can be sublimed in hydrogen without reduction. Clausthalite decrepitates 
when heated ; and, according to J. J. Berzelius, when both the natural and the 
artificial selenide are heated in a closed tube, selenium and lead selenide sublime. 
H. Fonzes-DiacfUi found that when the selenide is heated in air, selenium dioxide, 
and lead oxide are formed, while water vapour, at a red-heat, reacts with part of the 
selenide to form hydrogen selenide and lead oxide ; j>art is reduced to lead, and part 
sublimes as lead selenide. J. Joly observed a red sublimate at 340° in air, and a 
white one at 600°. The selenide is decomposed by chlorine, forming lead chloride 
and selenium chloride ; at a red-heat, hydrogen chloride forms hydrogen selenide 
and lead chloride ; while cone, hydrochloric acid attacks the mineral only when 
the acid is boibng. J. C. L. Zincken, and H. Fonzes-Diacon observed that cone, 
sulphuric acid forms a brown, green, or reddish-brown solri.—coloured by selenium— 
and lead sulphate. J. J. Berzelius, and H. Fonzes-Diacon found that cold nitric 
acid dissolves the selenide with the separation of selenium, which dissolves if the 
acid is warm ; fuming nitric acid dissolves the selenide as lead selenate. H. Fonzes- 
Diacon found that phosphorus trichloride at a dull red-heat produces selenium 
dichloride. H. 0. Bolton said that a sat. soln. of citric acid dissolves clausthalite 
in the cold. W. Geilmann and H. Rose observed that when clausthalite is treated 
with mercuric chloride at 300°, a solid crust of mercuric selenide grows on the 
surface : PbSe+HgCIs-HgSe-f-PbClg. 
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T)ie mim^ral zorgite occurs in granular masses resembling clausthalite at Zorge and 
Tilkerode in the Harz. H. Rose calksd it Selenblei mit Sclenkupfer ; J. C. L. Zinoken, 
Selrnkupff'rhlet^ an<l Selenhleikujjfer ; E. F. docker, SdenkupferhUiglanz : W. H. Miller, 
zonfttf ; l'\ von Kobell, rhaphanonmite —from radish, and oa-fiT}, smell. Analyses 

werr‘ reporte<l by H. Rose, C. F. Rarnmolsberg, C. M. Kersten, F. Pisani, and F. Heusler 
and H. i\ Klinger. F. l*isani represented some samples by (Pb,Cu)So, and others by 
((’u,Pb)3S.% ; (\ Klein, and A. Arzruni found a sample agreeing neither with (Pb,Cu)Se 
nor with (Pb,C’Uo)So, but rather with a mixture of PbSe, 4(JuSe, and 3Cu,Se. It is therefore 
probable that zorgite is a mixture of lead and copper selenide. K. H. R(»ger found that 
zorgite is decomposed by heating it at 200*^ to 450*^ in the vapour ot carbon tetrachloride 
arul air. M. Adam’s cacheiUmtv from (’achenta, Argentine, is a variety of this mineral, 
I’he dark or light grey granular masses of zorgite have a sp. gr. 7’0()-7*55, and a hardness 
of 2 r>, 

Another mineral from 'I’ilkerode and berbaeh, Harz, was described by H. Rose, 
Sfhmhtci init SdAniqu^'rkniUyfr^ and .1. (’. L. Zincken called it k>elenguecksilberhlei ; 
10. F. tdockor, Svlniqu(‘vkHiU)prhlvi(fJanz , and W. 11. Miller, lerbachlte. Analyses were 
reported by H. Rose, and F. Rammclsberg, and are usually reprosontod by (Hg,Pb)Se. 
It is ])robHbly a mixture of lead Kclenidc with mercury selenide and more or less copper 
sch'tiido. A. Strong found IhaUium in a sample from Lehrbueh. The lead-grey, steel-grey, 
or iron-black mineral occurs m granular masses of sp. gr. 7*08-8*11, and hardness 2*5. 

( ’. Rarnmolsberg described a eopper-mercury-load selenide from Zorge, Harz, which has 
a composition ranging from 2PbSe.4CuSc.Cu2Se.HgS0 to 8PbSe.37Cu>Se.HgSc. It 
a[)]iears To be a mixture which has been railed seeharhite. R. 0. Harvey measured the 
<'lrctrical rcsistanco. 

r. Wohler i*'> prepared nitrogen selenide» or selenium nitride^ which, according 
to a Hubse(tuent analysia of A. Ycrneuil, has tlie composition N8e ; and, by analogy 
witli nitrogen sulfthide, has the mol. formula, N4Se4 (q.v,), W, Strecker and 
L. Claus d(‘('ided that it is not a derivative of azoimide, and favoured the cyclic 
formula Se4N4. This agrees with the mol. wt. determined by H. B. van Valken- 
burgh and J. (\ liailar from its effect on the f.p. of a soln. in glacial acetic acid. 
W. Strecker and L. C-latis did not obtain satisfactory results with diphenyl, naphthol, 
and Ikpiid sulphur dioxide. F. Widiler made it by ]>asHing dry ammonia, dil. 
with air or hydrogen, over selenium tetrachloride cooled by a mixture of ice and 
salt. Tile tetrachloride forms a green and then a brown spongy mass consisting 
of undecomposed tetrachloride, selenium, ammonium chloride, and nitrogen selenide. 
There is a danger of an exjilosion during the ojieraiion. The product is agitated 
\\ith a large proportion of water, and the brick-red jiowder is separated, dried, and 
washed with earbon disulphide, or a dil. soln of ])otassium cyanide to remove the 
selenium. H. Espenschied also employed this mode of preparation; while 
A. Verneuil said that the ])roduct is not constant in composition, and he preferred 
the following })rocedure : 

Ton grams of soleniura tetrachloride are triturated with a few drops of carbon disulphide, 
and tlion suspended in about a litre of that liquid. Only a little tetrachloride dissolves. 
A current of dry ammonia i.s ttien passed through the liquid with frequent stirring. The 
liquid is coloured rose-re<l, and then cochinoal-red ; as the current of gas continues, brown 
Hocks appear, and by continuing the paasago of the gas, these flecks assume a pale orange- 
yellow colour. The liquid tlien smells strongly of ammonia, some nitrogen is given off 
about the middle of the operation ; KSeCb d-32NH3=-CNSe 4 24NH4CI f Nj. The mixture 
is filtered, and the solid is washed with carbon disulphide, squeezed, and dried in a current 
ot air. Th(‘ ammoniiun chloride is removed from the orange-yellow powder by washing 
with water, drying in air, and finally washing witli hot carbon disulphide. The yield is 
80 per cent. 

H. B, van Valkenburgh and »F 0. Bailar obtiiined nitrogen selenide by the action 
of dry ammonia on a dil. soln. of selenium monochloride in carbon disulphide, 
F. W. Bergstrom found that selenium has an extremely slight solubility in liquid 
ammonia, and the character of the soln. resemliles that of sulphur in the same 
solvent-selenium tends to react with ammonia, producing nitrogen selenide 
and ammonium selenide. W. Strecker and L. Claus did not obtain good yields of 
nitrogen selenide with liipiid ammonia and selenium raonochloride, or the tetra¬ 
chloride. In the })resence of carbon disulphide as a solvent, selenium tctrahalides 
give better yields of nitrid-* than do the lower halides or the oxyhalides. The 
results with selenium tetrabromide were better than with the tetrachloride. The 
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equation given by A. Verneuil gives far too small a proportion of nitrogen for that 
actually evolved in the case of selenium tetrabromide. When benzene is used as a 
solvent, the reaction appears to be 3 SeBr 4 1 ()NH 3 2SeN fSe^-N^ t 12 NH 4 Hr. 
A. Michaelis showed thatselenyl chloride reacts with dry ammonia: 68 eO('l 2 H *lbNH 3 
— 3 Se 02 -f' 3 Se-b 2 N 2 4 -I 2 NH 4 CI; and V. Le^nher and E. Wolesensky found that if 
a cone. soln. of selenyl chloride in benzene or toluene be treated with dry ammonia, 
a large proportion of the selenium is jirecipitated ; but with a dil. soin. (2 4 per 
cent.) in benzene, a buff-coloured precipitate is formed ; this becomes orange-red 
when dry. When washed with water, and with a soln. of potassium cyamde to 
remove selenium, brick-red nitrogen selenide is formed. The amorphous, oiange- 
yellow powder is very hygroscopic, and, according to A. Verneuil, when dried in air, 
retains only 0*15 per cent, of ammonia. When dry, a very slight ])ress. suftices to 
produce an explosion. According to R. Espenschied, the explosive decomposition 
of nitrogen seleziide into its elements is accompanied by red fumes of sehmium, and 
there is a smell of hydrogen sulphide ; the colour of the jiowder does not change at 
150°, but it explodes at 200°. W. Strecker and L. Claus gave 160° as the exjilosion 
temp. ; V. Jjenher and E. Wolesensky, 130°; and A. Verneuil added that at 230° 
it explodes as easily as fulminating silver, and less easily than nitrogen uxiide. 
M. Berthelot and P. Vieille gave for the heat of formation (N,Se) - 42*3 C^als at 
constant press., and 42*6 Cals, at constant vol. According to A. Verneuil, and 
R. Espenschied, nitrogen selenide is insoluble in water, ether, and absolute alcohol, 
and very sparingly soluble in carbon disulphide, benzene, and acetic acid. It is 
not changed by cold water ; but when heated witli water to 150°-160°, it is hydro¬ 
lyzed to selenious acid, selenium, and ammonia. Warm, cone, potash iye decom¬ 
poses the selenide into selenium, potassium selenite and selenide, and the whoh' of 
the nitrogen is set free as ammonia ; with hydrochloric acid, ammonium selenite 
and selenide are formed. According to W. Strecker and L. Claus, chlorine and 
bromine react ex])losively with selenium nitride. In the presence of carbon disul¬ 
phide, the action of bromine leads to the formation of a brownish-green, hygroscojac 
substance, SeN 2 Br. Bromine vapour dil. with carbon dioxide transforms solid 
selenium nitride into ammonium selenohexabromide, (NH 3 ) 2 SeBr 3 , the formation 
of which ajipears to be due to the action of atm. moisture on a primary additive 
})roduct of bromine and the nitride. Chlorine, in similar circumstances, gives the 
product SeNCl 3 . Bromination of the com|)oiind 8 e 2 N 2 Br yields the substance 
SeN 3 Br 4 , whereas exhaustive chlorination of the j)roducfc ScgNCl yields Se 2 NC 32 , 
which possibly is not quite homogeneous. Selenium nitride is not affected by solid 
iodine or by a soln. of the halogen in ether or chloroform. Jf partly wetted with 
fuming hydrochloric acid, or if treated with liydrogen chloride, or witli chlorine, 
an ex])losion occurs. With sodium liypoclilorite, nitrogen is given olf and sodium 
seleriate is formed. A dil. soln. of seleiiic acid is reduced by nitrogen selenide, form- 
ing selenious acid, selenium, and ammonia ; likewise also with cold or hot nitric 
acid, in which case the selenium dissolves. H. JL van Valkenburgh and J. C, Bailar 
found that when ammonia is passed through a soln, of nitrogen tetraselenide in 
carbon disulphide for lialf an hour, a red soln. is formed. On evaporation, this 
yields a dark red, heavy liquid, very similar to the compound formed by ammonia 
and nitrogen tetrasulphide in the same manner. 

According to J. J. Berzelius,selenium and phosphorus are miscilile in all 
proportions when heated to temp, near the m.j). of phosphorus. When a large 
proportion of selenium is present, the dark lirown, fusible mass has a conchoidal 
fracture ; and when the product containing an excess of phosphorus was lieated, 
phosphorus and a small projiortion of selenium distilled off. Tlie jilu^sjjhoriis 
selenide forms a little hydrogen selenide with water; and it dissolves in jiota.sh-lye, 
forming potassium selenide and jdiosphate. J. Meyer found that mixtures of 
4*4 parts of phosphorus wuth 0*5, 1*0, 2 * 0 , and 3*0 i)arts of selenium melt 
respectively at 35°, 27°, 9°, and at — 7"^. O. Hahn reported the four jdiosphorus 
selenides, with the at. proportions P: Se~4 : 1, 2 : 1. 2 : 3 , ami 2 : 5 re‘^p< ctively. 
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Of these, J. Meyer said that the first two are mixtures and not chemical individuals, 
and that the third may or may not be a compound. He prepared the selenides 
1^4863 and p 2 Se 3 , The equilibrium diagram has not been explored, so that the 
question is still an open one. 


O, Hahn melted a mixture of one gram-atom of selenium with 4 gram-atoms of phos¬ 
phorus in an atm. free from oxygen, and pressed tfio product through a fine linen cloth, 
under water, to remove red phosphorus. He comsidored it to be phosphorus tetritase]0nicle» 
^4^®’ Meyer was unable to obtain a product not contaminated with free selenium and 
red phosphorus. O. Hahn described it as a thick, oily, dark yellow mass with a nasty 
smelly resembling that of phosplionis irioxide and liydrogen selenide. It freezes below 
“-17° to a crystalline mass, and melts at —7°. When heated, J. Meyer observed that 
phosphonis alone distils over, leaving a residue richer in selenium. O. Hahn found that the 
product ignites in air, burning with a luminous flame, which emits a white smoke. It 
can be kept for some time under air free wafer, but if air be present, it acquires an opaque 
crust which forms phosphoric acid and presumably solenious acid with the water. Bed 
fuming nitric acid inflames tlio product. It is freely soluble in carbon disulphide, and it 
and ethci. Cold alkali-lye has no action, but when boiling, phosphine, 
alkali phosphite, selenite, and selenide are formed. With cold so In. of metal salts the 
tetritaselenide slowly acquires a film of the metal phosphide and selenide, and this occurs 
rapidly when the mixture is heated. 


O. Plahn also obtained phosphorus hemiselenlde, TaSo, in an analogous manner, using 
the correct propoitions of the two elements. Much heat is developed, and some of the 
product sublimes, while most of it immediately solidifies. At ordinary temp., the hemi- 
aeienide is a pale red solid, whicli, in thin layers, appears reddish-yellow, and when powdered. 
Its colour resembles that of precijiitatod antimony sulphide. The solid has a conchoidai 
fracture, and its smell recalls that of liydrogen selenide. It reddens moist litmus paper. 
It 18 st^Ie III dry air, but in moist air, the phosphorus oxidizes, and hydrogen selenide is 
given oft. ihe heat of the reaction may suffice to inflame the product. When heated 
sublimation wcurs. J, Meyer found that when the hemiselenide is heated in an atm. of 
carbon dioxide at ordmar> pres.s., phosfihorus contaminated with selenium first distils 
oyer oiid finally dark rod vapours of the tritotritasolenido. O. Hahn said that carbon 
aisulphide removes variable amounts of phosphorus, while alcohol and ether have no 
soivcnt action. Boiling alkali-lye forms phosphine, leaving a rod residue containing 
phosphors and selenium. The beliaviour with soln. of the metal salts resembleathat with 
In© tetritaaelenide. 


J. Meyer obtained phosphorus tetritatriselenide. PiSeg. as indicated above, 
during the distillation of the alleged hemiselenide ; by distilling the hemitriselenide ; 

>> 1 ^ 0 melting a mixture of the component elements in the right proportions’ 
at ., 1.1 to 220 , and purifying the product by distillation. The compound separates 
from Its soln. in carbon disulphide in orange-red crystals. They have a smell 
recalling phosphine and also hydrogen selenide. According to J. Mai, this com- 
''*^’^*^**y obtained by the action of yellow phosphorus on powdered selenium 
m boiling tetrahydronaphthalene ; and purifying the crude crystals by extraction 
with a, mixture of carbon disulphide and light petroleum. The selenide appears to 
exist m two modifacationa, but tfie tetrahydronaphthalene reduces the temp, of 
reaction to such an extent that only the form stable at the lower temp, is obtained. 
The sp. gr. is 1-31 ; the m.p. is 242°. J. Meyer found that the b.p. is 360° to 400°. 
It phosphoresces at 160°, and more strongly at a higher temp. In air, and possibly 
also under the influence of light, the tetritatriselenide acquires a yellow film of what 
18 probably finely-divided selenium. The compound inflames when heated in air, 
forming phosphorus pentoxide, and selenium dioxide. It is very sensitive toward.s 
moisture. Moist air forms hydrogen selenide. Water has but little action. 
Sulphuric acid forms a green soln.; and nitric acid oxidizes it readily. It is soluble 
m carbon tetrachloride and disulphide, chloroform, benzene, toluene, acetone, and 
acetylene di- and trichlorides; and it can bo crystallized from these solvents 
under press.; m air, the yellow soln. deposits selenium. With cone, potash-lye. 
It forms phosphine, and a dark red liquid containing potassium polyselenide, and 

hypophosphite which, m air, deposits red selenium. 

O. Hahn, W. Muthmanu and A. Clever, and J. Meyer obtained phosphorus 
sesqutselentde or phowhoriU hemitriselenide, PgSes, by warming a mixture of the 
constituent elements in the right proportions. According to 0 . Hahn, the dark, 
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ruby-red mass appears pale red in thin layers, and looks like red ])ho8phoru8 when 
powdered. It does not change in dry air, but slowly oxidizes in moist air; 
W. Muthmann and A. Clever added that it is not quite stable in dry air; and in 
moist air, it forms hydrogen selenide and phosphorous acid. J. Meyer found tliat 
when heated it decomposes into the tetritatriselenide and the pentaseleiiide. 
0 . Hahn observed that the tetritatriselenide burns in air with a pale flame, forming 
red fumes ; and it forms a little hydrogen selenide when treated with boiling water. 
A little hydrogen selenide is formed when the tetritatriselenide is treated with acids ; 
the compound dissolves freely in cold alkali-lye ; and less readily in soln. of alkali 
carbonates ; W. Muthmann and A. Clever said that selenophosphates are produced 
by the action of alkali-lye. 

W. Bogen prepared phosphorus pentaselenide, P2Se5, by melting a mixture of 
the two elements in an atm. of carbon dioxide ; O. Hahn, and W. Muthmann and 

A. Clever used a similar process. J. Meyer obtained it as a residue in the distilla¬ 
tion of the tetritatriselenide. A. Besson found that hydrogen selenide reacts slowly 
with phosphoryl chloride forming, in the course of 8 days, this sulphide : 4POCI3 
+511280 -lOHCn 4 - 2 P 02 CI-fP 2 Se 5 . The dark red or black mass was found by 

B. Hathke to crystallize from carbon tetrachloride in black needles. 0 . Hahn 
found that the pentasulphide burns in air, forming a dense, red smoke ; and when 
distilled, vapours rich in phosphorus are flrst evolved, and afterward.s selenium. 
O. Hahn said that the pentasulphide is stable in air, but W Muthmann and 

A. Clever added that it is not quite stable in air because the powder always smells 
of hydrogen selenide, and it rapidly attracts moisture, forming hydrogen selenide 
and phosphoric acid. B. Rathke found that steam or boiling water slowly forms 
hydrogen selenide and phosphoric acid. 0 . Hahn stated that the j^entasulphide is 
insoluble in carbon disulphide; B. Rathke found that dry carbon tetrachloride 
does not decompose it at 200°, but with the moist tetrachloride, carbon diselenide 
is formed. W. Bogen represented the reaction which occurs when the pentasulphide 
is warmed* with alcohol, by P28e5+5C2H50H—H28e+H20+(C2H5)3028e.PSe 
+ (C2H5)2H.028e.P8e. C. Paal studied the reaction with acetonylacetone. 

B. Rathke said that with cone, potash-lye the reaction can be represented: p2Se5 
+16KOH—2K3PO4 I 5K28e+8H20; and W. Muthmann and A. Clever observed 
that selenophosphates are formed. 0 . Hahn observed that when mixtures of 
phosphorus pentaselenide and the metal selenides are fused, phosphoselenides are 
formed. According to J. Mai, when iodine is added to a soln. of phosphorus selenide 
in carbon disulphide, phosphorus diiodotriselenide, P4LSes, is formed. It melts 
at 154 °- 155 ° when rapidly heated. Phosphorus sulphoseleuide was also prepared. 

J. J. Berzelius observed that molten selenium gradually dissolves arsenic, 
forming when cold a black, fusible mass vrhicli bubbles and boils at a red-heat, 
giving off the vapour of what appears to be a perselenide of arsenic ; the bubbling 
then ceases and no further change occurs until a white-heat is attained, when the 
product distils over in drops which solidify to a dark brown, shiny mass with a 
conchoidal fracture. G. Little, and H. Pelabon obtained brittle, vitreous masses 
by fusing together different proportions of the two elements. E. Szarvasy pre¬ 
pared what appeared to be the most stable compound of arsenic, namely aroeuic 
hemiselenide* As28e, by melting the two constituents in the requisite proportions, 
or with a very slight excess of arsenic, the operation being carried out in a sealed 
tube filled with nitrogen. The combination took place at about 600 °, and the 
product, which consisted mainly of the monoselenide, was sublimed under press, 
ill an atm. of nitrogen. The vapour density at 617 ° corresponds with the formula 
A848e2, but at 1002° it corresponds with the formula As28e, and above this temp., 
dissociation of the compound into its own elements occurs. E. Szarvasy and 

C. Messinger gave 15*48 at 617 ° when the normal value for As4Se2 is 15 * 84 ; this 
falls to 7*55 at 1159 °—theory for As28e, 7 * 92 . According to E. Szarvasy, the 
hemiselenide forms black, metallic-looking crystals, giving a black streak. It is 
insoluble in the usual organic and inorganic solvents; cone, hydrochloric and 
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sulphuric acids act on it slowly, boiling alkali hydroxides, liowever, dc<‘oinpose it, 
in much the same manuer as they do the lower sulphides of arsenic. 

H. Uelsmann melted arsenic and selenium m the j)ro])orii()ns required for 
arsenic triselenide^ As 2 Se 3 , and obtained a black, amorphous mass which dissolves 
in soda-lye, leaving bronze-coloured plates behind ; he obtained a dark brown 
precipitate by ]>a 8 sing hydrogen selenide into a soln. of arsenic trioxide feebly 
acidified. The trisulphide forms a reddish-brown ])Owder wdiich melts at 200° to a 
black liquid whicli freezes to an amorphous solid. H. l^dabon said that hydrogen 
has an appreciable action on arsenious selenide, As 2 Se 3 , even at 440°, and wdien 
excess of the selenide is employed the limiting value of the characteristic ratio is 
7-9; at 610°, this value increases to 13*5. The interaction of hydrogen with a mixture 
of selenium and arsenic at 610° decreases rajhdly as the })roportion of the latter 
metalloid increases. L. Moser and K. Atynsky obtained it by the action of an 
arsenic salt on a soln. of hydrogen selenide protected from air. According to 
H. Uelsmann, the trisul])hide is soluble in nitric acid with the separation, at first, 
of red selenium ; alkali-lye dissolves it, forming a reddisli-brown liquid ; and alkali 
sulphide solus, dissolve the triselenide without forming selenoarsenites, but 
W. Muthmann and A. Clever did obtain NajjAsSe^— iv/ra, selenoarsenites. 
(h Lausen described jeromite as a mineral occurring in ])lack fused globules on rock 
crevices from which hot gases issue in the United Verde Mine at Jerome, Arizona. 
Thin splinters are cherry-red, and oj)tically isotropic. The composition approxi¬ 
mates arsenic diselenide, As( 8 e,S) 2 . It is insoluble in nitric acid. 

W. Muthmann and A. Clever prepared what they regarded as arsenic penta- 
selenide, As 2 Se 5 , by heating the recjuisite proportions of the constituent elements, 
E. Szarvusy melted the mixture at about 400° in a sealed tube containing nitrogen, 
and ])urified the black, lustrous, brittle mass by distillation under reduced press. 
The treatment of the ])rodiict with carbon disul])hide does not purify it so wtII. 
W. Muthmann and A. Cle.ver obtained the ]>entasulphide, as a r(»ddiah-])rowm 
powder, by treating potassium trioxy])entaselenodiarsenate w'ith acids.* L. Moser 
and K. Atynsky obtained it by a ]>rocess aiialogous to that us(^d for the triselenide. 
E. Szarvasy and ('. Messinger found that the vapour density at 81K)° is 9-59 when the 
normal value is 18*84 ; and it is 7*41 at about 900°. 1’his coiTes[)onds with the 
dissociation into two niols., and at higher teni])., viz. 1050° - 1100 °, it ap])ears to 
dissociate into three mols. : As 2 Se 5 ^ As 2 Se t W. Muthmann and A. Clever, 

and E. Szarvasy found that the })enta 8 elenide decomposes when lieatcd in air, 
forming red selenium and a greyisli-black sublimate. It is not acted ujkui by 
ordinary solveTits. It is insoluble in water ; it forms a greenish-red soln. wdth 
aq. ammonia; it dissolves in soln. of alkali hydroxides and sul]>hides, but the 
yellow liquids decompose w^hen exj)oscd to air, and when acidified with mineral 
acids give a reddish-brown hocculent })recipitate of the pentasulphide. The penta- 
sulphide is insoluble in dil. acids and cone, liydrochloric acid, and is slowly decom¬ 
posed by w^arm, dil. nitric acid, very rapidly by cold, fuming ni^^ric acid, whereby 
arsenic and selenious acid are formed. It is insoluble in warm alcohol, ether, and 
carbon bisulphide, and has neither taste nor odour. The [)entaselenide forms 
selenoarsenates —vide infra - wlien treated with alkali selenide, and sulphoseleno- 
arsenaies —vide infra — w^hen treated with alkali sulphides. 

J. J, Berzelius observed that antimony and selenium readily unite on the 
application of heat; the mass frequently becomes red-hot during the combination. 
The product is a lead grey mass wuth a crystalline fracture, and fusing at a red- 
heat. When heated in air, it gives oft* a little selenium and forms a vitreous slag. 
According to 11. P(dabon, the cooling curve of mixtures with 11 -39 |>er cent, of 
selenium have two f.}>., 566° and 518° respectively. There is a maximum in the 
f.p. curve at 605°, corresponding with the triselenide ; and a point of inflexion on 
the cooling curve corresponds witli antimony hej)taselenide, P. Cliretien 

added that the twx) f.j). observed by H. Pelabon are due to ineffectual stirring; 
the twm temp, represent the m.p. of two mixtures, the liquid not being homogeneous, 
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but consistiii^^ of two phasos, for on analyzing a inixtiiro wlikli had two m.p. 
523"^ and b&f, the lower })art contained 12*()9 and the* middle ])art 32-12 jx'r cent, 
of selenium. N. Parravaiio's observations are summariziMl in Fig 1.3. He also 
o])tained only one conq>ound, antinumy triseienide, wliicli doe^ not mix in all 
proportions with antimony. The two liquid layers 
in e({iiilibrium contain resfiectively Jl and 35 per 
cent, of selenium, ddie two non-iniscible licjuids 
have SC) .small a diiference in density that tliey do 
not separate completely during cooling. The dis¬ 
continuity, observed by H. Pelabon, is explained 
not by the formation of an he]>taselenide, but is 
due to the jiartial miscibility of the triseienide with 
selenium. M. Clukashige and M. Phijita found a 
maximum in tlie f.p. curve at 572“^ corresponding 
with the formation of antimony selenide. This 
(compound forms a emtectic at 497'' witJi 46*5 per 
cent, of antimony, and the eutectic at 211^ is very 
near the value for sehmiurn itself. 

J. J. Berzelius, H. Hofacker, H. Uelsmann, 

H. JV'labon, P. ('iiretien. N Barravano, etc., pre- 
])ar(‘d antimony triseienide, Sb^Se;^, by the direct 
the conditions of formation are illustrated in Fig. 43. J. J. Berzelius also 
made it l)y th(‘ action of hydrogen selenide on a soln. of potassium antimonyl 
tartrate. L. Moser and K. Atynsky used aJi analogous ])rocess. H. Ihdsmatm 
said that the black pouder suddenly sinters at about 14(P, and melts at a red-heat, 
and frc‘(*zes to a gr(‘y, crystalline mass. H. Pelabon gave 605^' for the in.[). ; 

(diretieii, 61 P'; N. Parravano, t)I7‘p and M. (Ijikashige and M. Fujita, 572"'. 
P. ('liretien studied its reduction by hydrogen. H. Uelsmann said that it forms a 
brown soln. witli Ijot ])otash-lye. H. Bedabon measured the electrical resistance 
of the alloys, and found that the sp. resistance varies with the composition, tern])., 
and the j)revic)us history of the alloys. Thus, with the Sb : Se-alloy: 

X) lOr 270 :tSS 524 

J{ . OU!339 01059 0 1350 0*1559 0*1768 0*1991 ohms. 

The resistan(‘e of alloys with more antimony increases less rapidly, but nearly 
proportionally with the tenij). ; while the resistance of alloys containing more 
selenium inereaH(*s regularly with the temp, up to a maximum, and then decreases 
to a minimum. The results are difTereiit acx-ording us the temp, is rising or falinig. 
Thus : 

124 440' .'MO' 217' 157’ l.'C 

n . 0*198 0-225 0*292 0*301 0*265 0*340 0*351 0*297 0-221 

V--/ S----' 

Ileal iny;. Cooliui;. 

M. Padou also studied the electrical eouduetivity, and found a maximum corre¬ 
sponding with Sb^Se^j. The e.m.f. of a cell with eIectro(h‘s of antimony and 
antimony in a soln. of antimony trichloride acidulated wdtii hydrochloric acid, 
varies with time, for at the start it was 0-0606 volt; after being kept one day, 
0-08306 volt ; 2 days, 0-0875 volt; 15 days, 0*1139 volt; and after 30, 56, and 
65 days, respectively 0*1192, 0*1199, and 0-1197 volt. With alloys containing 
Sb : Sc in the molar ratio : 

8b: Se . 999 : 1 99: 1 9:1 3:1 2:1 1:1 3:1 2:3 

Volts . 0-052 0-055 0-083 0*079 0 103 0-104 0-121 0*332 

at)d alloys richer in selenium have the constant c.in.f. of 0-33 volt. 11. Kremaim 
and P. SVittek's results with the cell are ])lotted in Fig. 44. The singular j)oints 
indicate the existence of the mono- and tri-selenkles. H. Pelabon found i^hat the 
cells are sensitive to light. The e.m.f. rises sharply on illuniination and then dro})s 
slowly, the drr)p becoming sharp when the source of light is removed. The red rays 
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union of the elements ; and 
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are the most active in promoting this effect, 
e.m.f. diminishes gradually with rise in tem[i 



Fig. 44.— Electromotivo Force 
of the 8b I SbCls j Sb8e/i-<*ell. 


With the cell in open circuit the 
rise in temp., but in closed circuit the e.m.f. 
increases rapidly as the temp, rises. The thermo¬ 
electric force of the 8b : 8e-alIoys against platinum 
with the cold junction at 11°, and the hot junction 
at a temp. shows a maximum corresponding 
with the presence of the triselenide, and in the 
case of the compound itself, the thermoelectric 
force is ten times as great at all temp, as those of 
mixtures differing^ even only slightly in selenium 
content from the compound. Further, antimony 
triselenide, like other metallic selenides, has a very 
high thermoelectric force in the solid state. With 
antimony itself, or with the mixtures, there is no 
sudden change in the thermoelectric force when one 
For example, the thermoelectric forces of couples 


element of the couple melts, 
with jilatinum and antimony alone, and with antimony triselenide, are : 


^ . . 102 ^ 
8b . 0 0071 

Sba 863 . 0 123 


270" 370" 

0-0128 00189 

0-197 0-272 


518" 045" 

O-O250 0'0302 

0-364 0-402 


711" 844" 

0-0315 0-0315 

0-403 0-392 


G. Hofacker obtained what he regarded as antimony pentaselenide» 8 b 28 e 5 , by 
the action of hydrochloric acid on a soln. of sodium orthoselcnoantimonate ; if 
air has access, some selenium is formed. If the brown powder is heated, some 
H(*lenium is given off. It is reduced with difficulty by hydrogen : it is soluble in 
potash-lye ; and forma seleno-salts with the metal selenides —vide selenoantimonites 
and sclenoantimonatos. L, Moser and K. Atynsky could not prepare the penta- 
selenide by the action of antimomc salt on a soln. of hydrogen. 

According to P, Clir^tien, the cooling curve of alloys of antimony and selenium shows 
lour maxima : ono corresponds with the triselenide, SbjSej; another with antitnony 
tnonoselenidef SbSe, molting at 642" ; a third with atiiimony tetritapvrUaseltnidty Sb^Se., 
melting at awut 690 ; and the fourth with antimony tntatetrasehnidey SbgSe^, melting 
a about 606 . He also said that the complete reduction of antimony triselenide by 
hydrogen proceeds stop by step : 8 b 28 o 3 ~>Sb 3 Se 4 ->Sb* 8 e 5 ^ 8 bSe. He said that the 

relative velocities of the reduction of Sb^Se^, 8 b 4 Se 5 , ancf SbSe are represented respectively 
ouu ^ V existence of none of the alleged selenides —Sb3Se4, Sb4Se., anil 

8 bfc>e—could bo detected by N. Parravano, or by M. Chikashige and M, Fujita ; and 
M. Farravano said that they merely represent mixtures of antimony trisulphide witli 
se oniuin. K. Kremann and K. Wittek said that the e.m.f.-composition curve, and the 
microscopic stnicture indicate tJie existence of the mono- and the tri-selenides. 

J. J. Berzelius observed that when bismuth and selenium are heated together, 
they unite with the faint evolution of light, and heat, to form a silver-white alloy 
with a crystalline fracture, and fusing at a red-heat. H. Pelabon inferred that 
Dismutn monoselenide, BiSe, shows itself as a singular point at 625° on the f.p. 
curve of mixtures of selenium and bismuth ; and this compound can mix in the 
liquid state with an excess of bismuth,-and when heated with selenium in a sealed 
tube it forms bisiuuth triselenide. H. Pelabon prepared the monoselenide by 
fusing together its constituents in eq. proportions. It is slightly decomposed by 
ydrogen at 610 , but the change is limited by the inverse action ; the character- 
istic ratio of the firoportion of hydrogen selenide to the total hydrogen present for 
equilibrium IS 3*34, but this value rapidly diminishes to zero as the amount of 
bismuth js increased, N. Parravano s observations on the f.p. curve of ])ismuth 

discontinuity at about 73 per cent, of bismuth 
and 600 ”*bJ0 , and a maximum at about 63 per cent, of bismuth and 706°, which 
corresponds w ith the compound Bi 28 e 3 . As the proportion of selenium is further 
increased, the ^^rve falls, then remains horizontal, and finally descends to the m.p. 
of selenium. Ihe thermal effect which mixtures containing 63-73 per cent, of 
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bismuth show at 600®-610'^ is attributed to the existence of bismuth luonoselenide. 
N. Tomoshige’s observations are summarized in Fig. 45. C. Hutointis studied this 
subject. The triselenide is represented by a raaxi> 
mum on the liquidus curve at bSS"". The triselenide 
mixes with an excess of bismuth in the liquid state, 
and on cooling crystallizes out until the temp, 
reaches 602°, at which point a reaction takes place 
between the compound and bismuth with the for¬ 
mation of the jS-form of the monoselenide, Bi»Se, 
the reaction taking place with development of heat. 

On further cooling, the monoselenide continues to 
crystallize out down to 422°, the transition point, 
at which it changes into the a-form. The Hnal 
eutectic temp, on the bismuth side is practically 
the m.p. of bismuth, 267°. On the selenium side of 
the diagram the triselenide forms a homogeneous liquid with 14 per cent, of 
selenium, and at 604° it deposits the monoselenide. With more than 51 per cent of 
selenium two layers are formed, the above homogeneous liquid being in equilibrium 
with a soln. of selenium containing 9 per cent, of bismuth. On cooling, tin* tri- 
sulphide is deposited until one liquid layer disappears; the other then d(‘posits 
the compound, and finally crystallizes as a eutectic at 161°. There is no sign on 
the fusion curve of the existence of F. Rossler's bismuth hemiselenide, Bi^Se, said 
to be formed, in octahedral crystals, by melting selenium with an excess of bismuth 
(1 : 20) and separating the excess of bismuth with cold, dil. nitric acid. 

In 1873, A. del Castillo described una nueva especie mineral de hismuto from 
Guanajuato, Mexico; and, shortly afterwards, V. Fernandez the occurrence of a 
bismuth selenide containing some zinc, which he called guanajuatite. A. Frenzel 
called it Selenwismuthglanz ; J. D. Dana, frenzelite —after A. Frenzel; and 

I. Domeyko, castillite —A. del Castillo. H. Rose and co-worker described a deposit 
at Andreasberg. Analyses reported by H, Rose, V. Fernandez, C. F. Rammelsberg, 

J. W. Mallet, A. Frenzel, and F. A. Genth agree with the formula for bismuth 
triselenide^ 612803, contaminated with more or less bismuth trisulphide —a little 
zinc and iron compounds may be present, and A. de Gramont detected 
spectroscopically thallium and copper. The bluish-grey mineral silaonite stated 
by V. Fernandez and S. Navia to occur near guanajuatite Was represented as having 
the composition Bi 3 Se ; the analyses of H. D. Bruns indicated a composition nearer 
613863 ; and both J. D. Dana, and V. Fernandez later agreed that it is not a homo¬ 
geneous individual, but rather a mixture of metallic bismuth and bismuth 
trisulphide. The sp. gr. is 6*43-6’45, and the hardness 3. 

Bismuth triselenide was prepared, as a steel-grey, crystalline mass, by 
J. J. Berzelius, G. Little, R. Schneider, H. Pelabon, and N. Parravano by the direct 
union of the elements; and the conditions under which it is formed are indicated 
in M. Tomoshige’s diagram, Fig. 45. A. Hilger and P. A. van Scherpenberg obtained 
it by adding bismuth trioxide to a soln. of selenium in molten potassium hydroxide. 
The mass becomes red, and, when exposed to air, black. The black powder is 
washed with water containing a little alkali. 11. Uelsmann prepared the triselenide 
by passing hydrogen selenide into a soln. of bismuth nitrate containing as little 
free nitric acid as possible. L. Moser and K. Atynsky used an analogous process. 
Guanajuatite is bluish-grey and it occurs in compact, granular, foliated, or fibrous 
masses, as well as in rhombic, bipyramidal crystals which, according to A. Frenzel, 
are isomorphous with stibnite and bismuthinite. The acicular, prismatic crystals 
may be striated longitudinally, and form semi-compact masses ; the (OlO)-cleavage 
is distinct. A. del Castillo gave 5*15 for the sp. gr. of the mineral; A. Frenzel, 
6*25; V. Fernandez, 6*62; E. Wittich, 6*25-6-97 ; C. F. Rammelsberg, 6-845 ; 
and F. A. Genth, 6-977. R. Schneider gave 6*82 for the sp. gr. of the artificial 
trisulphide. A. del Castillo gave 2 for the hardness; A. Frenzel, 2-5~3-0; and 
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V. Fernandez, 3-5. J. J. Berzelius, and H. IJelsmann said that the artificial tri- 
seleiud(‘ melts at a red-lieat, and, according to K. Schneider, this occurs with the 
loss of selenium ; L. H. Horgstroni gav(‘ 690“ for the ni.j). H, Pelabon gave about 
717“ for the ni.jj. ; N. Parravano, 706“ ; and M. Tomoshige, 688°. A. de Gramont 
studied the spark s[)ecti*um of the mineral. F. Beijerinck, and R. G. Harvey, said 
that the mineral is a conductor of electricity. E. Becquerel made observations on 
the thermoelectric properties of the alloy. E. T. Wherry found guanajuatite to be a 
fair radio-detector. R. Schneider, and G. Little observed that the triselenide gives 
ofi selenium and forms a black oxide when heated in air; it is scarcely attacked by 
hydrochloric acid -<iold or b(»iling; it is attacked only a little by dil. nitric acid, 
but the cone, acid, and aqua regia, decompose it easily and completely ; it is con¬ 
verted by molten potassium nitrate into bismuth oxide and potassium selenate ; 
and, according to H. IJelsmann, it dissolves in molten ammonium bismuth chloride 
to form bismuth selenochloride. A. Hilger and P. A. van Scherpenberg observed 
that with fused potassium carbonate a metaselenobismutliite is formed; and 
F. Rossler, that with silver selenide it forms a silver selenobismuthite. 


M. Weibull described a mineral from tlie Fablun mines, Sweden, and analyses were also 
reported by F. A. Gonth, and T. L. Walker. G. Flink called it weJbullite. M. Weibull 
represented the composition by J»bS.lb 2 S 3 .PbS.Bi 2 Se.,; F. A. Genth, by Pb(Se,S).Bi*(Se,S),; 
1\ Groth and K, Mieleitner by PbBi.(S,Se),; and G. Fhnk, bv 2PbS.Bi4vSe3S3. It occurs 
m lead-grey plates. F. A. Genth gave 7*245 for the sp. gr. ; ‘(^. Flink, 6*97, and 2-3 for 
the hardness. G. J^^liiik described crystals ot graphite-black mineral from Faben, and he 
called it platynlte —from TrAanyeiy. Its composition is PbS.BijjSeo, or 


Bi Sc 


The crystals are trigonal with a:r - 1 ; 1*220. P. Groth and K. Mieleitner regarded it 
as a sulpho-salt related to zinckenite. The sp. gr. is 7*98, and the hardness 2~3. 
K. Johansson, and A. Schwantko described another miiioral from Fahlun ; it resembled 
glance, and occurred in rhombic or monoclinic crystals with the composition 
5Pb8,3Bia(S,Se)3. It was called wittite. Its ap, gr. is 7*12; and its hardness 2-2*5. 
A mineral occurring in the dolomite of Serrania de Honda was described by S. P. de Hubies, 
and named by C. Doeltor, rubieslte. The composition is SUi.Ss.Sb.Sa.KidTe.Se).. Its 
hardness is 2, and its sp. gr, 0*8. 

According to W. von Bolton,if an intimate mixture of eq, proportions of 
selenium and columbium is heated under fused potassium chloride, a black, brittle 
Columbinm S6l6iud6 is formed ; and similarly also with tantalum. The resulting 
black tantalum selenide is decomposed by exposure to air, forming hydrogen 
selenide. 

The formation and proj)erties of sulphur selenide are discussed in connection 
with selenium sulphide. No tellurium selenide has been prej)ared. According to 

J. J. Berzelius,21 selenium and tellurium may be 
fused together in all proportions. Combination 
occurs with the' evolution of heat to form an iron- 
black, brittle mass, with a crystalline fracture. The 
])roduct fuses below a red-heat, and boils at a 
higher temp. It can be vaporized completely out 
of contact with air, but it readily oxidizes in air, 
forming what he regarded as tellurium selenite. 
H. B. Foullon })ointed out that native tellurium 
often contains selenium; and E. S. Dana and 
H. L. Wells found that the selenlellurium oc*curring 
in the Ojojama District, Honduras, has, after de¬ 
ducting gangue, 29-31 per cent, of selenium and 
70*69 per cent, of tellurium. It occurs massive, 
with a hexagonal cleavage, and of a greyish-black 
colour. is Q-h isomorphous mixture of selenium and tellurium. According 
to G. Fellini and G. Vio, the two elements are completely isomorphous; the f.p. 
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Fi(J. 46.—Fi'eezing-point Curve 
of Mixtures of Solonium and 
Tellurium. 
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of mixtures of selenium and tellurium furnish a continuous curve between 219® 
and 450®, the f.p. of the respective elements. The upper portions of the solidified 
mixtures are richer in selenium than the lower ones. All the mixtures solidify in 
mixed crystals of the hexagonal-rhombohedral type, which is that to which the 
crystals of both selenium and tellurium belong. G. Pellini and G. Vio missed the 
minimum point of the curve, Fig. 46, given by Y. Kimata. Here the tellurium and 
selenium form two series of solid soln. These meet at 95 per cent. Se arid 130®, at 
which temp, the liquid and solid phases have the same composition. The two 
branches of the liquidus and solidus curves intersect at a sharp angle, suggesting a 
eutectic, but all the alloys are microscopically homogeneous. Whether a compound 
is formed at this point is undetermined. M. Padoa found that the sp. hts. of solid 
soln. were additive—vide sp. ht. sulphur. There is no evidence to show w^hether 
or not a compound is formed. B. Lossana studied the ternary system ; B-Se To 
Vide tellurium sulphide. 

H. Moissan 22 obtained chromium selenide, CrSe, by heating chromous chloride 
in a stream of hydrogen selenide, or by heating chromium hemitriselenide in 
hydrogen. The black powder is readily attacked by chlorine. W. F. de Jong and 
H. W. V. Willems found that the X-radiogram of chromium monoselenide agre(‘s 
with a hexagonal lattice having a—3*59 A., and r“-5*80; and a sp. gr. 6-74. 
H. Moissan also obtained Chromium hemitriseleuide» Cr2Be3, by lieating chromic 
chloride in a current of hydrogen selenide, or chromic oxide, which has not been 
pre-calcined, in selenium vapour carried along by hydrogen or nitrogen. The 
l)lack crystalline, or brownish-black amorphous mass resembles chromic sul]>hide. 
Tt forms the monoselenide when heated out of contact with air; and it is with 
difficulty attacked by acids. L. Moser and K. Atynsky could not make chromium 
selenide by a wet pro(‘ess. J. Milbauer prepared pota5Sium chromic selenide, 
K2Cr2Se4, by heating a mixture of selenium, potassium cyanide, and chromium 
sesquioxide at a red-heat. The salt forms dark green, hexagonal crystals, which are 
readily soluble in nitric acid, but insoluble in liydrochloric acid. 

H. Uelsmann 23 treated an acidified soln. of ammonium molybdate with hydrogen 
selenide and obtained a dark brown soln. wdiich gives a brown precipitate of moly¬ 
bdenum triselenide, M0SC3, when treated with acids. 'The product is contaminated 
with a bluish-grey substance. L. Moser and K. Atynsky made the triselenide by 
the action of molybdic salt on a soln. of hydrogen selenide. W. W. (^ohlcntz found 
that molybdenum selenide is not photochemically sensitive. According to 
E. Wendehorst, if a sulphuric acid soln. of ammonium molybdate lie reduc^ed with 
zinc until it becomes deep reddish-brown, and then saturated with hydrogen 
selenide, dense, browmish-black leaflets of molybdenum hemipeutaseleuide, 
Mo2Se5, are deposited ; and if a mixture of molybdenum trioxidc and selenium be 
heated in hydrogen to dull redness, bluish-black, glistening leaflets of molybdenum 
diselenide, Mo8e2, are formed, and they are insoluble in alkali soln. V. M. Gold¬ 
schmidt discussed the structure of the crystals. PI. Wendehorst observed that when 
a mixture of potassium carbonate, selenium, and molybdenum dioxide is fused above 
1200®, and the product is leached with water, dark lead-grey crystals of molybdenum 
hemitriselenide, Mo2Be3, remain. If a soln. of potassium molybdate in cone, 
potash-lye, be treated with hydrogen selenide, red needles of potassium seleno- 
molybdate, K2MoSe4, separate ; while if a soln. of molybdic acid in (;onc. aq. 
ammonia be similarly treated, ammonium selenomolybdate, (NH4)2MoSe4, appears 
in glistening blue crystals; but sodium selenomolybdate could not be similarly 
obtained. All selenium compounds of molybdenum prepared in the wet way 
rapidly decompose on exposure to the air; their preparation must therefore bo 
carried out in an atm. of nitrogen. 

H. Uelsmann, and L. Moser and K, Atynsky prepared tungsten triselenide, 
WSe3, by similar processes to those employed for the molybdenum compound, but 
using sodium tungstate in place of the molybdate. It is soluble in soln, of alkali 
hydroxides, sulphides, and selenides. When heated out of contact with air it loses 
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one*third of its selenium, forming tungsten diselenide, WSe2. V. M. Goldschmidt 
discussed the structure of the crystals. C. H. Weber claimed that traces of selenium 
makes tungsten filaments tougher and more flexible than the ordinary filaments used 
for incandescent lamps. According to V. Lenher and A. G. Frueman, a soln. of 
ammonium tungstate in a flask was treated with nitrogen to sweep out the air, and 
then with hydrogen selenide. If the soln. be sat. with gas, green crystals of 
ammonium tetraselenotungstate^ (NH4)2WSe4, were formed ; and if the soln. is in¬ 
completely sat., red crystals of ammonium dioxydiselenotungstate* (NH4)2WSe202, 
are produced. These salts, when washed and dried, do not show any discoloration 
when kept in a calcium chloride desiccator for several months. However, a slight 
odour which resembles hydrogen selenide can be detected. Both the seleno- 
tungstate and the diseleno-tungstate are readily soluble in water, somewhat soluble 
in alcohol, but insoluble in ether, benzene, and carbon disulphide. The seleno- 
tungstate yields a red aq. soln. which is slowly decomposed in the air, giving a brown 
precipitate. The precipitate is probably a mixture of selenium and tungsten 
triselenide, WSe4. The diseleno tungstate gives an aq. soln. which is similar in 
colour to a soln. of potassium dichromate, but the colour of cone, soln. is also red. 
Aq. soln. of the diseleno-tungstate are slowly decomposed in the air and a pre¬ 
cipitate of red selenium is formed. Green crystals of ammonium seleno-tungstate 
are reddish-brown in a finely pulverized state. In order to minimize oxidation, the 
crystals were pulverized under benzene. 

A. Colani 24 prepared uranium diselenide, ITSe2, by heating to dull redness 
sodium hexachlorouranate in hydrogen selenide, or better, in the vapour of selenium 
carried along in a current of hydrogen; if the temp, attains 1000*^, crystals of uranium 
hemitriselenide» 112^^3, are formed. The diselenide is also formed by double 
decomposition of sodium hexachlorouranate and tin selenide at a red-heat in 
hydrogen. The black, crystalline powder of the diselenide may inflame spon¬ 
taneously in air. It can be preserved in sealed tubes. Its properties resemble 
those of uranium disulphide, but it is far more sensitive towards oxidizing agents. 
h. Moser and K. Atynsky could not prepare ’Uranium selenide by the wet process. 
J. Milbauer prepared uranjl selenide, U02»Se, by heating a mixture of selenium, 
potassium cyanide, and uranium oxide (prepared from uranyl acetate) at low red- 
heat. The salt forms black, hexagonal prisms with a metallic lustre and closely 
resembling uranyl sulphide. When cold hydrochloric acid is added to it, hydrogen 
selenide is evolved and uranyl chloride produced. It is acted on very vigorously 
by nitric acid, selenium at first se})arating and then gradually oxidizing. 

According to J. J. Berzelius,26 soln. of manganese salts and alkali selenides give 
a pale red precipitate which becomes a darker red when exposed to air owing to its 
decoruposition and the separation of selenium. E. Reeb compared its properties 
with those of the sulphide. C. Fabre, and H. Fonzes-Diacon obtained manganese 
selenide, Mn8e, in a similar way. C. Fabre also prepared it by passing the vapour 
of selenium over red-hot manganese ; L. Moser and K. Atynsky obtained it by the 
action of a manganese salt on a soln, of hydrogen selenide out of contact with air ; 
and H. Fonzes-Diacon, by passing a mixture of hydrogen selenide and nitrogen over 
anhydrous manganous chloride at a dull red-heat, and by reducing manganese 
selenate with four times its weight of carbon in an electric furnace. Manganese 
selenide a})pears as a shining, grey regulus containing acicular crystals, and that 
prepared in the electric furnace consists of greyish-black, opaque, cubic crystals. 
W. F. de Jong and H. W, V. Willems found that the X-radiograms agree with a 
cubic lattice, and E. Broch gave for the face-centred cubic lattice, a~ 5*448 A., 
and sp. gr. 5*47. H. Fonzes-Diacon observed that the sp. gr. is 5*59 at 15®. The 
compound is stable at a high temp. C. Fabre gave 31*14 Cals, for the heat of forma¬ 
tion of the crystalline selenide, and 27 *50 Cals, for that of the precipitated. Accord¬ 
ing to H. Fonzes-Diacon, manganese selenide is completely oxidized when heated 
to redness in oxygen ; it is attacked by boiling water ; and hydrogen dioxide, 
acidified with hydrochloric acid, converts it into selenate. It is easily attacked 
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by dil. acids—with hydrochloric acid, hydrogen selenide is evolved. It burns in 
chlorine to manganous chloride and Relenium dichloride. J. Meyer and H. Bratke 
prepared potftSSilini manganeso selenide by fusing together potassium carbonate, 
manganese and selenium ; it is unstable in air, and in contact with water or acids. 

According to J. J. Berzelius, 20 when the vapour of selenium is passed over 
heated iron filings, the comlnnation which occurs is attended by the evolution of 
light and heat; when a mixture of iron filings and powdered s(‘lenium is heated, 
the partial combination which occurs is not attended by visible combustion. The 
yellowish-grey iron selenide so formed ha.s a metallic lustre, and it is a hard, brittle 
mass with a granular fracture. It fuses at a high temp., forming a brittle regulus 
with a conchoidal fracture. According to 0. Tamraann and K. Schaarwachter, 
tlie two elements begin to react at The selenide was also jirepared by E. l>ivers 

and T. Shimidzn--7’idc supra, hydrogen selenide-- and ita analysis agreed with 
ferrous selenide, FeSe, or iron monoselenide. G. Little melted the mixed elements 
under borax. H. Fonzes-Diacon prepared it by the action of selenium vapour 
carried in a current of nitrogen, on red-hot iron ; hydrogen selenide gives a similar 
result, but its action is slower. An impure product was also obtained by heating 
iron selenate with carbon. L. Moser and E. Doctor obtained ferrous selenide by 
passing selenium vapour over the metal heated in vacuo. Ferrous selenide forms a 
black, metallic mass wdiich is stable in air. W. F. de Jong and H. W. V. Willems 
found that the X-radiograms agree with a hexagonal lattice having 0—3*61 A., 
and c- 5-87 A. ; and a sj). gr, 6*78. I. Oftedal studied this subject. G. Little gave 
6*38 for the sp. gr. 0. Fabre obtained 18*44 Cals, for the heat of formation of the 
crystalline and 15*42 Cals, for the precipitated selenide. T. Midgley and 
C. A. Hochwuilt used ferrous selenide as a catalyst for cracking petroleum oils. 
According to E. Reeb, hydrogen selenide gives a brownish-violet precipitate of 
hydrated ferrous selenide wdien ]>as.sed into a soln. of a ferrous salt; with an acetic 
soln. of ferrous acetate, tlie precipitate is black. L. Moser and K. Atynsky obtained 
ferrous selenide by the action of a ferrous salt on a soln. of hydrogen selenide out 
of contact w ith air, hut they could not prepare /fTr?c sderiule, 1^0.2803, in this way. 
E. Reeb found that ferric salt soln. are first reduced to ferrous salts by hydrogen 
selenide, and they then giv(j the same j)recipitate. Hydrated ferrous selenide is 
insoluble in alkali-lye and soln. of ammonium sulphide, but it is soluble in hydro¬ 
chloric, nitric, and acetic acids. Iron selenide, said J. J. Berzelius, dissolves in 
hydrochloric acid with the evolution of hydrogen selenide, and if air be present, 
a red cloud is formed owning to the decomposition of the hydrogen selenide to form 
selenium, and at the same time there is evolved another gas which has a disagree¬ 
able odour, is not absorbed by water or by alkali-lye, and gives a black precipitate 
with a soln. of mercurous nitrate. (L Little found that with dil. nitric acid it 
gives oil hydrogen selenide, and it forms a yellow liquid with the cone. acid. 
J. J. Berzelius said that wdicn powdered iron selenide is heated with selenium, it 
takes up more of the selenium, forming a brown powder presumably from 
G. lAttle's analysis, ferric selenide, Fe2Se3, or iron hemitriselenide- whicli is in¬ 
soluble in hydrochloric acid, and gives off the excess of selenium at a bright red-heat. 
G. Little obtained it as a yellowish-grey mass, by melting a mixture of selenium 
and iron selenide under borax ; and H. Fonzes-Diacon, by the action of hydrogen 
selenide on ferric oxide or anhydrous ferric chloride at a dull red-heat. H. Fonzes- 
Diacon obtained iron Iritatetraselenide, Fe38e4—possibly from t\w analyses, 
Fe7Seg—by heating iron oxide to redness in a current of nitrogen charged with 
hydrogen selenide ; iron diselenide, FeSe2, by the action of hydrogen selenide on 
anhydrous ferric chloride at 250°-300'^. W. F. de Jong and H. W. V. Willenis 
could not prepare crystals of the diselenide. H, Fonzes-Diacon obtained iron 
hemiselenide, FegSe, by heating to whiteness one of the above selenides in a current 
of hydrogen. According to H. Fonzes-Diacon, the iron selenides form oxide of 
iron and selenium dioxide when heated in oxygen ; chlorine at a gentle heat dis¬ 
places the selenium, and, at a higher temp., bromine, and io<3ine vapour act 
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similarly at a higher temp. The iron selenides are attacked with difficulty by cone, 
hydrochloric acid, and by hydrogen chloride. Iron diselenide is not attacked at 
all by the acid. Hot fuming nitric acid transforms the selenides into selenites. 
J. Meyer and H. Bratke obtained iron tritatetraselenide, FcaSe^, or Fe[FcSe2l2, by 
fusing together iron, selenium, and ])otu.ssium cyanide; and potassium iron 
diselenide, KIFeScol, in dark violet crystals, fairly stable in air, by fusing together 
iron, selenium, and j)otassiuru carl>onate; and silver iron selenide, 3Ag2He.2F'e3iSe4, 
or AgsPYeSe,,, by fusing the ap|)roi)riiite elements together, but the products may 
really be a mixture. 

J. J. Berze'liuM found that cobalt and selenium unite with incandescence when 
heated, forininj^ a ^rcy mass with a metallic lustre and crystalline structure, wdiich 
fuses at a red-heat. (/. Little used a similar ]>rocess. If the combination is effected 
in an atm. of hydro^mi, some hydrogen selenide is formed. The product is CObftlt 
selenide, (\)Se. If it fie melted under borax, the selenide appears as a yellow 
crystalline mass of sji. FI. Fonzes-Diaeon also obtained it by passing 

the vapour of s(‘lemum over cobalt ; and L. Moser and K. Atynsky, as in the case 
of ferrous selenide. W. F, de dong and H. W. V. Willems found that the X-radio- 
gram agrees with a hexagonal lattice w’ith A., and c 5-27 A. ; and a sp. gr. 

of 7-7H. L Oftedal studied this subject. ('. Fabrc gave 18-9 Dais, for the heat of 
formation of the crystalline selenide, and 15*2 Cals, for that precipitated by 
hydrogen selenide from soln. of cobalt salts. H. Fonzes-Diacon passed selenium 
vapour along with nitrogen over colialtous chloride at a dull red-heat, and obtained 
microscofiic, greyish-violet, octahedral crystals of CObalt tritatetraselenide, C03SC4. 
Its sp. gr. is ti-hi at 15^ and it is isomorphous with linneite. By a similar jirocess 
at a red-heat, gn'V cobalt hemitriselenide, Co^Se^, is formed ; and belowNi red-heat, 
cobalt diselenide, (kiSco. W. F. de Jong and H. W. V. Willems found that- the 
X-radiograrn of the regular pyritnhedral crystals agre(‘ with a spaee-lattiee with 
a “5*804 A., and a distance 2*41 A. between the He and CVi atoms. V. M. Lrold- 
schinidt discussed the structure of the erysUds. 11. Fonzes-Diacon observ(‘d 
that if any of these selenides be heated to whiteness in a current of hydrogen, 
cobalt hemiselenide, (Vi.^Se, is forme<l. II heated to wdiiteness in hydrogen, 
the selenium is slowly remoyed. When one of the selenides is heated in oxygen, 
cobalt oxide and selenium dioxide are formed ; nascent hydrogen chloride 
slowJy attacks the selenide; boiling fuming hydrochloric acid attacks it very 
little ; and bromine water woth an excess of bromine dissolves it easily. J. Meyer 
and il. Bratke obtained cobalt pentitahexaselenide, ('0580^, or Co3[CoSe.{ |o by fusing 
together a mixture of cobalt, selenium, and potassium cyanide. 8. (L Cordon 
reported a lead-grey mineral from Cohpieehaca, Bolivia, which he named 
penroseite. Its (‘omjiosition corresponds with cuprous lead cobalt selenide, 
C?U28e.Fb8e.(Ni,Co)8e2, or 3Cu8e.2Pb8e.>.r)(Ni,( o)8e2. It has a metallic lustre, 
and a radiating columnar structure, with the (Ot)])-, (100)-, and the (OlO)-cleavages 
])erfeet ; the jirismatie (llO)-cleavage is distinct; and the basal cleavage curved. 
The sp. gr. is (>*93, and the hardness 3. It is soluble in nitric acid. C. Frebold 
showed that scJenlxohalthJei is a mixture. 

C. Little jiassed selenium vafainr over heated ulekel, and obtained nickel selenide, 
Ni8e. H. Fonzes-Diacon carried the sCenium vapour in a current of nitrogen 
over the nickel at a red-heat and obtained a similar jiruduct; and he also prepared 
it by passing th(^ vapour of hydrogen selenide over nickeloiis chloride. L. Moser 
and K. Atynsky olitnined it as in the ease of ferrous selenide. H. Fonzes-Diacon 
said that the selenide is silver-white or grey, with a metallic lustre, brittle, and non¬ 
magnetic. The cubic crystals a])})ear with tetrahedral twinning, N. Alsen found 
that the X-radiogram of nickel selenide, and its mixed crystals wuth ferrous sulphide, 
have the pyrrhotite structure. When melted under borax nickel selenide furnishes 
a golden-yellow mass. W. F. de Jong and H. W. V. Willems found that the 
X-radiogram agrees with a hexagonal lattice having rr-3*66 A., and 5*33 A. ; 
and a sp. gr. 7*41. I. Oftedal studied tliis subject. (L Little gave 8*46 for 



SRLENlf’M 


801 


f ■ ’i *■'•'')-453 at 15°. The solcnide i.s .Uhle in air. and 
riv! iaV> Riviiijr oiT a little seloiiimn at the .same time. t’. Fabre 

^ave ( fils, for the heat of formation of the fry.^talline seleiiide, and 14-8 Cak. 

or la V, lie 1 IS preei])itatecl when a nickel salt is tn^ated witii h\’’(iroaeii selenide 
or sodium selenide. 11. Fonzes-Diacoii observed that wlieu the selenide is heated 
nickel oxide and selenium dioxiile are formed. Nickel selenide was 
ound by It JnttJe to be insoluble in water. ('. Fabre found that it is soluble in 
hromine and in bromine water. II. Fonzes-Diaeon added that (‘hlorine attacks it 
Tea 1 y U. Little said that it is insoluble in diJ. or cone, hydrochloric acid : eonc. 
)()] ing ii}droehloric acid, added II. Fonzes-Diacoii, acts only slowly, and hydrogen 
chloride at mi elevated temp, slowly forms nickel chloride. 0. lattle found that 
le ^lenide is slowly dissolved by nitric acid ; and readily dissolved by aqua regia. 
onzes-Diaeon observed that nitric acid converts tlie selenide into selenite. 
According to H, I onzes-Diaeon, if anliydrous ni<‘kel(nis chloride be lu'ated to dull 
redness in a current of hydrogen selenide, grey, culiic crystals of nickel hemi- 
triselemde, Ni.Scg, or nickel tritetetraselenide, Ni3Se4, are formed; and if the 
place at ‘iO(L with nickelous cldoride or oxide, grey nickel diselenide» 
NiSe^, is produced. According to W. F. de Jong and H. W. V. Willems, the 
X-radiograms of the pyritahedral, eubir crystals agree with a sjiaecdattice having 
ff 6*022 A., and a distance of 2*47 A. between the Ni and Se atoms. V. M. (lold- 
sehmidt discussed the structure of these crystals. H, Fonzes-Diaeon observed 
that if one of the above described nickel selenides be heated to bright redness 
Hi a current of hydrogen, a golden mass of nickel hemiselenide, NioSe, is formed, 
it slowly loses selenium if heated in hydrogen for a long time. J. Meyer and 
n. Bratko prepared nickel pentitahexaselenide. NigSeo, or Ni^fNiScgl*., by fusing 
a mixture of nickel, selenium, and potassium carbonate. 

According to J. J, Berzelius,-" wLen a mixture of selenium and palladium is 
heated, eonibination occurs and a palladium selenide is formed with the evolution 
of heat. 4 lie grey mass is infusible before the blowjape, but gives ofl’ seleninm, 
yielding a seleniferous, greyish-white, brittle, and crystalline button. P'. Rossler 
obtained palladium selenide, Fd8e, by heating a mixture of palladioiis ammino- 
ehloride (10 grms.) and selenium (5 grins.) under borax. L. Moser and K. Atynsky 
prepared dark brown palladium selenide by the action of a palladious salt 
on a solii. of hydrogen selenide out of contact with air. L. Thomassen found that 


the crystals c)t the monos(‘lenidc are of the nickel arsenide type with a--4*127 A., 
a nd c -5*t)63 A. V. M. (Jold.schmidt discu.ssed the subject. F. Rossler also obtained 
what he regiirded as palladium tetritaselenide, Rd4Sc, from palladious ammino- 
eliloride (60 grms.) and selenium (2 grms.). d. J. Berzelius obtained similar results 
with platinum as with palladium, and he added that the combination is attended by 
vivid incandescciKje. F. Rossler obtained platinum selenide, PtSe, by melting an 
intimate mixture of ])hitinum powder and selenium under borax at 1050°-*li00®, 
The dark grey, coluiuiiar crystalline mass is brittle, and can be fused before the blow- 
pi{)e with the loss of selenium. Ji. Fonzes-Diacon obtained it by the action of 
hydrogen selenide on gently heated platinous chloride; and on platinous chloride 
suspended in water. He also prepared platinum diselenide, PtSe2, by heating 
reduced platinum in a current of hydrogen selenide ; by the action of hydrogen 
selenide on red-hot anhydrous platinic chloride, or on an aq. soln. of platinie chloride. 
L. Moser and K. Atynsky made it by the action of a pUtinie salt on a soln. of 
hydrogen selenide out of contact with air. A. Minozzi obtained it by lieating the 
triselenide to dull redness in a current of carbon dioxide and by heating an intimate 
inixture of the two elements at a bright red-heat for G hrs. in a current of carbon 
dioxide. L. Thomassen prepared crystals of platinum diselenide which are of tlie 
cadmium iodide type, and the space-lattice has a--=3-72i A., and c - o*062 A. 
A. Minozzi found that the grey powder has a sp. gr. 7*67) ; II. Fonzes-Diacon gave 
6*426 at MJien heated in oxygen, it loses selenium at 2r)(F, and al a higher 

temp, forms selenium dioxide and platinum. When gently heated in chlorine, the 
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Kelciiiuiu is displaced. L. Rigeon said that the diselenide resists chlorine at 360°. 
L. Moser and K. Atynsky said that it readily forms complex salts with alkali 
sulphides and selenides. According to A. Minozzi, platinum triselenide, PtSes, is 
obtained as a black, lioeeiilont prec-ipitate by the action of formaldehyde on a soln. 
containing a })hitinichloride and a selenite in presence of excess of an alkali hydroxide, 
thus: 8H.(^HO p 12K()H J^tScy^OKCl fBH.COoK+lOHiiO. 

The black powder has a sp. gr. of 7-i:>. At 140°, in air, it begins to form selenium 
dioxide, and in oxygen at 4r)0°, it is converted into selenium tetrachloride ; cone, 
iiydrochloric acid has no action ; hot cone, nitric or sulphuric acid have a limited 
action ; it is slowly dissolved by a(|ua regia, and by chlorine water ; it is insoluble 
in carbon disulphide. L. Thomassen observed that OSmium diseleilide» OsSe2, has 
crystals of the pyrite type with a space-lattice having 0 — 5*933 A., whilst a product 
of the composition of osmium monoselenide, OsSe, is a mixture of the diselenide 
and metal. Similarly with ruthenium diselenide, RuSeg, the space-lattice is of the 
]>VTite.s tyjie, with a -5*921 A. ; and the product witli the composition ruthenium 
monoselenide, RuSc, is a mixture of the diselenide and metal. None of these 
compounds showed any evidence of huTomagnetism. V. M. Goldschmidt discussed 
the structure of these selenides. F. Fritzmaim inxestigated some complex platinum 
and ])aliadium organic selenium compounds. 
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§ 8. Selenium Dioxide and the Lower Oxides 

J. .1. llcrzoliiis 1 oliscrved tliul selenium exliihits le.ss affinity than sulphur for 
oxygen .supra, the action of air and oxvfien on selenium- ’and F. Kraflt and 
O. Steiner made a sinulur oh.servation the affinity of the elements of the sulphur 
family decreases as the at. wt. rises in the gronji, while the affinity for chlorine 
increases. ,1. J. Berxelius said that when .Helenium hums in air or oxycen, a mixture 
of selenium mononde, SeO, and selenium dioxide is formed - if the selenium be 
burnt m a vessel filled with oxygen, and the selenium dioxide be removed bv 
agita ion with water, a mixture of oxygen and selenium monoxide remains in small 
quantities. When a mi.xture of selenium and .selenium dioxide i.s heated the 
monoxide is lormod, although the greater jiroportion of each sublimes un¬ 
changed; and when selenium sulf.liide is heated with a mixture of nitric and 
hydrwhlorie acid containing msufhcient nitric acid completely to oxidize the 
selenii^, the sulphur which remains unoxidized reduces the selenious acid. 
J J. Berzelius described selcmum monoxide as a colourless gas wifh an odour 
like that of a horse-radish, and so strong and [lenetrating that one-fiftieth of 
a gram IS sufficient to fill a room with its odour. It does not redden litmus; 
It 18 slightly soluble in water to VNliich it impart.s its odour and taste; it is 



SELENIUM 


8oy 

fihsorbod f)y alkali-!ye. only iti proportion to the water present; and it is not 
precipitated from its aq. soln. iiy hydrogen sulphide. I’hus far J. J. Berzelius. 
The source of the odour of burning selenium has been discussed in connection with 
fhe jphysiological action of flelenimu. C. Chahrie said that by heating selcniuin at 
180 until its weight is eonstaiif there remains solid selenium monoxide, 
A. W, Peirce could not confirm this ; rather did he obtain a loss in weight due to 
the volatilization of selenium. A mixture of selenium and selenium dioxidt' in a 
tube at a press, of 4 mm. was heated at 180° to 200° so that the eontenis of the tube 
vaporized and were maintained in a state of vapour for 7 hrs. No gas was found 
in the cooled tube, and the contents possessed no odour. V. Lenher observed Uiat 
in subliming large quantities of selenium dioxide, no odour like that attributed by 
J. J. Berzelius to selenium monoxide was noticed; on heating a mixture of eq. 
quantities of selenium and its dioxide, either in an ojian vessel, or in a sealed tube, 
to the b.p. of selenium, no interaction took place, and no ga.seous product could 1 x 3 
detected. Selenium monobromide does not act on dry silver oxide below 20 °, 
but at this temp, a violent action takes place and selenium dioxide alone is formed. 
V. Lenher concluded that selenium monoxide does not exist. 

F. von Konek - said that whendiaiitipyryl selenoselenide, IL^Se : Se, i.s burnt in 
oxygen in a bomb at 25 to 30 atm. press., a white, amorphous selenium tritatetroxide, 
SC 3 O 4 , is deposited 011 the walls of the containing vessel. This oxide is almost 
insoluble in water ; it is decomposed by boiling soda-lye with tli(‘ deposition of 
one-third of the selenium in a free state, and tlie remainder forms sodium selenium 
salts, iJiantipyryl monoscleiiides and diselenides of the type K.So.Se.K, give no 
trace of this oxide. 

According to C. A. Cameron and J. Macallan, in the reaction ])etwTen selenium 
trioxide and selenium in the cold, an intense green colour is developed ; and a similar 
green colour w^as observed by (L Magnus to be inqiarted to sulphuric acid by the 
dissolution of selenium. The reaction was investigated ])y N. W. Fisclier,' and 
R. Weber. The last-named isolated Se80..j; hence C. A. Cameron and J. Macallan 
inferred that in the case of selenium trioxide and s(3lenium, selenium hemitroxide, 
ScoOa, or selenium sesquioxide, is the cause of the green coloration cn/c tnfra. 
The grcfm coloration may be due to colloidal .selenium. 

J. J. Berzelius^ di.scussed selenium dioxide, Se 02 , during bis observations of 
scilenium. E. Bertrand observed some lead selenide covered w ith fine w4iite needles 
of selenium dioxide, and he called the mineral selenolUc. According to 
.1. J. Berzelius, selenium can ]>e sublimed in air without change ; it takes fire only 
when strongly heated, and then burns to the dioxide. If selenium be heated in 
a glass tube until it boils, and oxygen gas be passed over it, combustion occurs, and 
selenium dioxide sublimes. Selenium dioxide is formed when selenium is dissolved 
in warm nitric acid or aqua regia, and tlie liquid heated in a retort. The arid liquor 
distils over first, and subsequently selenium dioxide sublimes. N. W. Fisclier 
added that if aqua regia be employed a trace of selenic acid is formed at the same 
time, E. Wohlwill said that as soon as the acid liquor has distilled oil', the contents 
of the retort may bubble up with explosive violence, but this was ni^t observed by 
J. Thomsen, H. Topsde, or F. Clausnizer, wdio cmjiloyed this mode of preparation. 
J. Meyer prepared the dioxide in the following manner : 

Soleniuni in quantities of 60-75 grms. is lieated to its m.}), in a porcelain boat placed in 
a wide, hard-gla^ tube ; a very rapid current of oxygen which liad been pHs.s.ed through 
fuming nitric acid is passed over it, causing the inoiten selenium to burn with a brilliant 
blue fiaino and to give a sublimate of selenium dioxide the punty of wdix'h iia'reases with 
increasing rate of the supply of oxygen. The product, which contam.s binall quantities 
of oxides of nitrogen,is purified by being sublimt^d in the same tube in a current of pure 
oxygen. To avoid loss of material, the tube is conilected with a doubly tubulated vessei 
of two litres capacity in which the final traces of the dioxide au‘ (h'posited. The combustion 
of 60-70 grms. of selenium can bo effected in about one and a ipmrler lirs. 

He added that the oxidation of selenium appears to be sensitive to catalytic 
influences, being accelerated by acidic substances—r. 7 . the vapour of nitric acid— 
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and retarded by alkaline substanccs—^.^. glass. J. J. Berzelius also observed the 
formation of selenium dioxide when selenium is similarly treated with sulphuric 
acid, or with a mixture of sulphuric acid and manganese dioxide. J. Thomsen 
obtained selenium dioxide of a high degree of ])urity by dissolving in water the 
dioxide prepared by the nitric acid process ; treating the liquid with baryta-water, 
so as to precipitate any sulphate ; evaporating the filtered liquid to dryness, and 
subliming. J. Jannek and J. Meyer snid that it is imi)OHsible to prepare anhycRous 
selenium dioxide by the sublimation of the acid, and they })referred to oxidize 
selenium by heating it in a current of nitrogen ])erc)xide. H. Moissan and P. Lebeau 
noticed that selenium dioxide is formed when the vapour of suJphuryl fluoride acts 
on selenium in a glass vessel; 2SO2F2 I Si02-|-Se KeOo f2S()2+^iE4- 

The physical properties of selenium dioxide, —d. J. Berzelius said that selenium 
dioxide sublimes in wdiite, four-sided needles with a ])eculiar lustre, or, if the sub¬ 
limate is deposited in a hot ])la('e, it may form a dense, white, translucent mass. 
♦I. Moyer and M. lamguer said that tlie crystals obtained from aq. and alkaline soln, 
are colourless ; and that fhe vaj)our is yellowish-green. The crystals melted in 
a closed tube at 350*^ furnish an orange-yellow li(juu1, and a yellowish vapour. 
The colour is not due to selenium because dissociation does not occur. Selenium 
dioxide forms coloured soln. when dissolved in sulphuric or selenic acid. A. Weller 
showed that tellurium dioxide and tetrachloride are also examples of colourless 
substances giving coloured liquids and vapours. According to C. F. Ranimelsberg, 
the crystals arc monoclinic jirisms with the axial rati(>s a : h : c - 1-292 : 1 : 1*67, 
and /3—lOl'^. (r. F. Hoffmann and V. Lenher found that the precipitated dioxide 
has a lower sp. gr. than the sublimed dioxide*. F. Clausnizer found the specific 
gravity to be ‘k9r)38 at lo-;ry ir)-*!'"*; (1. F. HofTniann and Lenlier gave 8*590 to 
8*59r) at 20'\ E. Mitscherlicli found the vapour density to be 4-03, when the 
theoretical value for 8e02 is 3*849. K. B. R. Prideaux and (4. Green found that the 
effect on the b.p. of ethyl alcohol indicativs a molecular weight of 122-6, wdien the 
theoretical value for 8e0o is 111-2. Tliis corresponds approximately with a 10 per 
cent, association of the mols, ; (L F. Hoffmann and V. Lenher found the mol. wt. 
in a soln, of selenvl chloride to c-orrespoiid with (^efL).'!- H. M. Vernon inferred, 
from a comjiarison of the b.p. of related compounds, that the mol. of the solid is 
associated, E. B. R. Prideaux and G. Green found the mol. wt. of selenium 

dioxide in boiling ethyl alcohol to be 11'i *5. H. Remy discussed the structure of 
selenious acid. .1. J. Berzelius said that under ordinary atm. press., selenium 
dioxide does not fuse when heated, but it merely sinters together; it vaporizes 
just below the b.p. of sulphuric acid, giving a vapour the colour of chlorine 
E. Cornec observed that the curve showing the lowering of the f.p. of selenious acid 
during its })rogressive neutralization with a soln. of potassium hydroxide has two 
breaks corresponding with the dibasicity of the acid ; and similar results were 
obtained wdth sodium hydroxide. J. Jannek gave for the vapour pressure, p mm., 
of selenium dioxide ; 

20“ VO"* 94“ 181“ 232“ 290“ 311“ 315“ 320“ 

p . . • 0 0 12-5 20*2 39-0 C7-8 460-G 610-9 760-0 848-0 

C. Ghabrie added that the melting point :s 34U^ if the dioxide be lieatcd in a sealed 
tube in an atm. of dry air, and on cooling, it solidifies to a hard, white, crystalline 
mass. J. Thomsen gave for the heat ol formation with crystalline selenium 
(Se,02) - 57-71 Cals., and with vitreous selenium, 57-079 Cals. E. Petersen gave 
with amorphous selenium, soluble in carbon disulphide, 57-25 Cals.; with mono¬ 
clinic selenium soluble in that menstruum, 56-20 Cals. ; and with metallic selenium, 
insoluble in that menstruum, 55-82 Vah, E. Cornec found that the curve showing the 
change of the index of refraction of a soln. of selenious acid during its progressive 
neutralization with a soln. of sodium hydroxide has two breaks corresponding with 
the dibasicity of the acid ; ainl similar results wen*, obtained with aq. ammonia. 
J, Papish found that the vapour of selenium dioxide in the bunseu flame gives an 
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iiitonsc blue colour; and elementary selenium is deposited on n cold jdale lield in 
the flame. U. Gernez found that the absorption speotnun of the A-apour i.s eon- 
timioua 111 the red, and has numerous lines in the blue and violet region. 

The chemical properties o! selenium dioxide.- d. J. Berzelius said that the 
vapour of selenium dioxide has a pungent, and sour smell, while the taste of the 
solid is aeidic at first, and afterwards leaves a burning scaisatioii. Selenium 
dioxide IS not deconijiosed in the slightest degree by heat or light. Aecording to 
J. J. Jk^rzelius, and A. Klages, selenium dioxide is reduced when heated in hydrogen. 
For the action of water, infra. The dioxide attracts moisture from the air. 
According to A. ])itte, selenium dioxide rapidly absorbs dry hydrogen fluoride, 
forming oxyhydrofiiiorides (//.r.) ; and E. B. 11. Prideaiix and J. O^Neil Millott 
observed tliat SoO^-bllF is formed; dry hydrogen chloride forms oxyhvdro- 
chlorides {(j.v.) ; dry hydrogen bromide forms oxvhydrobromides’^ (q.v.) ; 
likewise hydrogen iodide forms oxyhydriodides (7 r.)/ (\ A. Cameron and 

J. Macallan found that when distilled with SOdium chloride* selenyl chloride 
is formed : 2 SeC 2 + 2 NaCl 'MaoSeO^ [ SeOCL. J. J. Berzelius said that selenium 
dioxide doubtless gives up its oxygen to sulphur when a mixture of the two is heated ; 
and F. Kraift and (), Steiner oliserved tliat if the mixture is heated to the m p. 
of selenium in an atm of carbon dioxide, in a sealed tube, black selenium and liquid 
sulphur dioxide ar(» formed. A. Ditte observed that hydrogen sulphide reacts with 
sfdeniurn dioxide, forming sulphur and sekmium sulphide. Dry selenium dioxide 
cannot be roducod by sulphur dioxide* indeed, H. O, Schulze observed that selenium 
dioxide can lie suliliined in an atm, of siiljihur dioxide. 11. Metzner found that 
selenium dioxide can be dissolved in monohydra ted sulphuric acid* especially if 
warm, and when the hot soln. i.s cooled the dioxide is deposited again. F. W. D. de 
(V)iunck said that hot sulphuric acid converts selenium dioxide into SeSO^.H.^Se, 
and amorphous, reddish-brown selenium ridr infra, selenium oxysulpbides. 
\". Lenher and H. B. North said that thionyl chloride acts on selenium dioxide, 
producing tetracliloride an<l sulphur dioxide ; there is no reaction with sulphuryl 
chloride ev(*n at a liigh temp., or great [iress. For the action of selenium* vide 
supra, sel(‘iiium monoxide. ('. A. (’anieron and J. Macallan said that the dioxide 
di.ssolves in warm selenic acid* and most of it crystallizes out again on cooling without 
the formation of a thionie acid. 

According to A. Michaelis, ammonia reacts with selenium dioxide evolving 
nitrogen witli tlie se])aration of .selenium ; while (\ A Cameron and J. Macallan 
said that ammonia acts on a soln. of selenium dioxide in absolute alcohol, forming 
wduit thev thought to be animoniiim amide selenite, but which was shown to be 
ammonium ethyl selenite, NH 4 ((' 2 H 5 )Se 03 . F. W. (). de (Vininek found that 
selenium dioxide yields nitrogen, and black, amorjiboiis selenium when treated with 
hydrazine: Se().jd-N 2 H 4 - No+Se f 2 II 2 D ; and nitrogen and reddish-browm, 
amorphous selenium w'itli hydroxylamine liydrochloride : SefD I 4 NIl 20 H -^ 2 N 2 
; A. Gutbier, and O. Hinsberg made a similar observation with respect 
to phenylhydrazine and hydroxylamine. F. W. 0, de Goninck said that nitric 
acid converts selenium dioxide into seleiiic acid : Se 02 "| - H 2 Se 04 f N 2 O 4 ; 

J. J. Berzelius said that selenium dioxide is reduced by phosphorus. I3y jiassing 
phosphine into an alcoholic .soln, of selenium dioxide, G. A. Cameron obtained a 
pale yellow^ jirecipitate of phosphorus and selenium wdiilo a great ])ro})ortioii of 
the selenium remained in soln. as ethyl selenide, (C 2 H 5 ) 2 ^e. F. W. 0. de Coninck 
found that selenium dioxide is converted by phosphorus pentachloride into selenium 
tetrachloride and phosphoryl chloride: Se 02 + 2 PC] 5 -- Se('J 4 -f 2 POCI 3 ; and by 
phosphorus trichloride into brown, amorphous selenium and phosphoryl chloride: 
Se 02 + 2 PClo-Se+ 2 P 0 ri 2 . 

J. J. Berzelius said that selenium dioxide is doubtless reduce<l by boron. 
According to J. Papish, when selenium dioxide is introduced into the biinsen flaine, 
nil intens(‘ blue colour is [irodiiced, and selenium is dejiosited on a cold .surface 
introduced into the blue flame. J. J. Berzelius found that the dioxide is 
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reduced by carbozi^ and by organic substances. Tlie dioxide is freely soluble in 
ethyl alcohol. F. W. 0. de Coninck found that lOO parts of methyl alcohol at 
dissolve 10-I6 parts of selenium dioxide, and 100 parts of 93 per cent, ethyl 
alcohol at 14^ dissolve (>'67 parts of the dioxide. 0. Hinsberg found that when a 
soln. of selenium dioxide in 96 per rent, alcohol is evaporated over sulphuric acid, 
there remains a syrup which slowly loses water and alcohol, leaving a residue of 
selenium dioxide. If, however, an absolute alcoholic soln., of selenium dioxide is 
evaporated over calcium chloride, large, transparent, quadratic plates, having the 
composition’Se 02 .C 2 H 20 , are deposited; these crystals lose their alcohol over 
sulphuric acid. E. B. R. Prideaux and (r. Green discussed the possibility of the 
reaction: SeO^+CJIsim SeO(OH)F. W. 0. de Coninck said that 
I(X) parts of aC6toiie at 15-3° dissolve 4-35 parts of selenium dioxide ; and 100 parts 
of acetic acid at 13-9^, I *11 parts. 0. Hinsberg said that the dioxide dissolves 
freely in hot acetic acid containing water, and, on cooling the soln., selenious acid 
is deposited in crystals having the composition HoSeO^- It is only s^jaringly soluble 
in boiling acctic anhydride, from which it (Tystallizes unchanged, but when heated 
with acetic anhydride at 180^’~20(P, it is reduced to selenium, the anhydride being 
oxidized to carbon dioxide and other compounds. T. Gassmann obtained a com- 
plex H 02 (C 2 H 204 ) 2 , by treatment with oxalic acid. F. Clausnizer observed that 
selenium" dioxfde is not soluble in purified benzene, but im}>ure benzene becomes 
yellow and red owing to the dissolution and decomposition of the dioxide. 
C. diabric found that in the presence of aluminium clilori(^e, selenium dioxide reacts 
with benzene. 0. Hinsberg observed tliat selenium dioxide forms aniline selenite 
when an alcoholic soln. treated with an ethereal soln. of aniline and water is added ; 
the dioxide does not react with carbamide, but it yields a selenium compound and 
phenyl disulphide when treated with phenyl mercaptide ; and it reacts with 
aromatic o-^amines. When a mixture of hydrogen cyanide, selenium dioxide, 
aud acetic anhydride is heated in a sealed tube at 100 °, impure selenium cyanide, 
SeCyo, is formed. F. Carnevali obtained addition products with tetramethyl- 
ammonium chloride, namely, 8 e 02 . 2 N((dl 3 ) 4 CJ, and with tetraethylammonium 
chloride, namely, 8 e() 2 . 2 N(C 2 H 6 ) 4 ( 3 . 

According to F. (I Matliers and F. V. Graham, lead dioxide and selenium 
dioxide form lead seleriate, and the reaction proceeds satisfactorily at 100 ° 
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§ 9. Hydrate ot Selenium Dioxide—Selenious Acid 

(). Hinsberg ^ observed that selenium dioxide is readily soluble in water ; and 
A, Bjtard represented the solubility, S, of the dioxide in grams per 100 grms, of soln. 
at 0° between —3° and 36^^ by B 45-04-0-7(>92t? ; and later gave for selenious acid, 
aS grms. HoSeOy per 1(K) grins, of soln. 

-10'* 0" 10^ 20'’ 25’’ 40® 00" 00" 

S ... . 42-2 47-4 55«0 62*5 67 0 77*5 79-3 79-4 

F. W. (). de Coiiiuck found 37-45 grms. of the dioxide dissolved in 100 grms. of water 
at 11-3°; 38-4:6 grms. at 14'^ ; and 39-37 grms. at 15-G'\ W. Manchot and K. Ortner 
gave for the percentage solubility S grms. SeO.^ : 

-0 2® -50® -11-3® -230’ - 2r 117' *22 0" 42 0" 05 0 

S . . 0-99 21-83 40-65 570 58 0 68-32 72-52 77-5 82-5 

8(41(1 phase Ire SeOjj HgO 

The results are plotted in Fig. 47. There is a eutectic j)oint at ~ 23“^ and 57 j>er 
cent, of SeO^. The solid phase below this temp, is ice, and above this teni]). mono- 
hydrated selenium dioxide, Se02.H20, or selenious 
acid, H2Se03. This was the only hydrate formed 
under these conditions; there was no sign of the 
formation of (H2Se03)2 indicated by A. Kosenheim 
and L. Krause. There is probably a maximum with 
86*07 per cent. SoOo for the transition from the 
monohydrated to the anhydrous dioxide. The dotted 
jiortion of the curve, Fig. 47, could not be explored 
because of the separation of selenium from the soln. 
by the decomposition of selenious acid. 

J. J. Berzelius observed that hydrated selenium 
dioxide crystallizes from hot aq. soln. in large crystals, 
when the soln. is slowly cooled, and in small grains 
when quickly cooled. The hydrate is also obtained 
by exposing the dioxide to air. R. Weber obtained the crystals by cooling a soln. 
of the dioxide in five jjiuies its weight of hot water. A. Michaelis evaporated 
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the «q. soln. over sulphuric acid. Metliods of F. Clausnizer, J. J. Berzelius, 

J. Thomsen, N. W. Fischer, etc., for preparing selenium dioxide {(/•v,), involving 
the treatment of selenium with acids, were indicated in connection with that 
compound ; and a soln. of selenioiis acid was first o]>tained, and this was sub¬ 
sequently dehydrated for the anhydride. C. Chabrie obtained sclenious acid from 
a soln. of the dioxide in incompletely <lried benzene ; and f). Hinsberg, from a 
soln. of the dioxide in dil. acetic acid. 

The analyses of B. Weber, and W. Mancliot and K. Ortner agree with the formula 
H 2 Se 03 . A. Rosenheim and L. Krau.se, and W. Manchoi and K. Ortner found that 
the moleculso: weight, obtained from the depression of the f.p. of aq. soln., agrec'^ 
with the formula H 2 Se 03 ; the results also indicated a slight association which has a 
tendency to decrease with time, and they found that the electrical conductivity 
indicated that the acid is associated to (H 2 Se 03 )o-molecules in aq. soln. No 
evidence of such an association was observed by W. Manchot and K. Ortner in 
freshly prepared aq. soln. 

A. Michaelis and B. Laridmann showed that wlide the alkyl iodides react with 
sulphites, forming sul])honic acids in agreement with the assum])tion that sulphurous 
acid may be regarded as a hydrosulphonic acid, JI.SO^.OH, yet sclenious acid acts 
as an oxidizing agent with ethyl iodid<‘ and })enzyl chloride ; again, while sodium 
ethylate and thionyl chloride gave SO(OC 2 H 5 ) 2 , and ethyl iodide and silver sulphite 
gives Hie corresjionding selenyl chloride forms in both cases 

SeO(OC 2 H 5 ), which is dejcomposed by water, forming sclenious acid. This means 
that in all probability selenious acid is a true dihydroxylic acid, HO.ScO.OH. 

K. Divers and T. Shimidzu, however, assumed that the selenites have the asym¬ 
metric constitution. Although selenites are more basic than the sulphites, and 
selenium in general has a weaker affinity than suipliur, yet in spite of the many 
analogies between sulphites and selenites, the selenites, unlike tlie sulphites, may be 
dihydroxylic. They add that the iodide test em[)k)yed by A. Michaelis and 
B. Landmann is not sufficient to establish the dihydroxylic character of the selenite, 
for it gives ambiguous testimony as to the constitution of the nitrites. 

E. Divers and T. Shimidzu continue : Only silver selenite yields ethyl selenite ; 
with potassium selenite it is difficult to get a reaction, and when this occurs, it leaves 
the selenium wholly deoxidized. Since ethylselenonic acid cannot be prepared by 
the oxidation method, it does seem allowable to groiij) changes into a selenosic one, 
so as to enter into hydroxylic union with the ethyl. To suppose this is a way out of 
the difficulty is certainly much easier than it would be to consider metallic selenites 
as dihydroxylic salts. D. D. Karve found that applying the criteria for ])seudo- 
acids, selenious acid alone and in cone, alcoholic soln. is an associated pseudo-acid, 
and aq. soln. contain a large proportion of the pseudo-acid, and only a small per¬ 
centage of the hydrate of the true (monobasic) acid. 

The physical properties of selenious acid. —J. Meyer and M. Langner observed 
that selenium dioxide melts to an orange-yellow liquid when heated and gives 
a yellowish-green vapour. The change is reversible and not attributable to dissocia¬ 
tion into selenium and oxygen. Soln. of the oxide in warm, cone, sulphuric or aelenic 
acid are distinctly yellow, but become lighter in colour when cooled, J. J. Berzelius 
described the crystals as being longitudinally striated similar to those of potassium 
nitrate ; and R. Weber said that they are hexagonal prisms. F. Clausnizer gave 
3-0066 for the spedflc gravity of the crystals at 15-3715-3° ; G, F. Hoffmann and 
V. Lenher gave 3-004 at 15,74°. F. W, O. de Coninck gave for the sp. gr. of aq. 
soln. between 13-0° and 15-6°, and containing the following percentage proportions 
of selenium dioxide: 

S«Oa ... 1 2 4 6 6 8 10 per cent. 

Sp. gr. . . 0-9923 1 0068 1-0302 1-0346 1-0402 1-0671 1-0743 

J. J. Berzelius said that when this hydrate is heated, it gives off water, and after 
that, selenium dioxide sublimes. F. Clausnizer found that when the clear crystals 
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are confined over cone, sulphimc acid, they become opaque ; even after being kept 
k **»«re is a marked loas in weight. Thi.H agrees wit h M'. Man- 

chot and K. Ortner s observations that the crystals cannot be dried without under¬ 
going some dissociation ; HiiSe 03 ^H 20 | Seb 2 . F. Clausnizer observed that the 
crystals absorb moisture from humid air and appear to deli(|uesce more rapidly 
than crystals of selenium dioxide. R. Weber added tliat the crystals cftioresce in 
dry air, W. Manchot and K. Ortner gave for the vapour pressure, p inm., of 
the crystals and of the sat. soln.^—is here put for the temp, of the room : 

ir>'’ 32 (r 35 0'’ 3.-) 4“ 38 1^ 38 3’ 40 3 

J Crystals ... 2 — 4 r> ^ (i _ 7 ,an». 

^ /[Sat. soln. . . 16*5 -- 18 - 10 ■5 22 mm 

A. Rosenheim and L. Krause observed for the lowering ol the freezing point, 6^ 
and the calculated mol. wt.—when the theoretical value is 129*2- -for soln. containing 
w grms. of H 2 Se 03 per 100 grms. of water : 

0-5810 1-8040 3-0000 4-6560 7-4480 J0-51U) 

W . . . . 0-09“ 0-,30 0-52" 0-78" 1-17" 1-63" 

Mol. wt. . . 112-7 113 113 113-3 121 122-5 

There is here but a slight association of tlie mols. of the oci<l, wliich has a tendency 
to decrease with the ageing of the soln. The ionization also must lie very sbght 
indicating that selenious acid i.s a very weak one, and W. Manchot and K. Ortner 
calculated from their observations that the degree of ionization ap}>roxiniates 
to that of tartaric acid. They found for soln. of 1*253,1*274,13*420, and 13*750 grms. 
of H 2 Se 03 per 100 grms. of water the respective degree of ionization 0*21, 0*19, 
0*03, and 0*04. Measurements of the mol. raising of the boiling point could not 
be made since selenious acid volatilizes wdth the steam. F. M. Raoult found the 
moL lowering of the freezing point of selenious acid in aq. soln. to be 42*9 a number 
in the vicinity of the values found for selenic and sulphur acids. E. Cornec, on 
the other hand, obtained normal values between 19*2 and 21*5. J. Thomsen gave 
for the heat of formation of selenious acid, (Se 02 cry 8 t..Aq.):^ -~0*920 Cal.; and 
(Se,02,Aq.)™56*336 to 56*76 Cals. J. Jannek, and J. Meyer found the mol. heat of 
hydration of selenium dioxide is 3192 cals. The heat of solution of a mol of selenium 
dioxide in 400 mols of water is - 0*920 Cal. ; and the heat of neutralization, 
(Se 02 aq., 2 Na 0 Hftq) -=27*02 Cals. R. Metzner found that the heat of oxidation 
to selenic acid is comparatively small; thus, (8eO28ohd,C,H2O)^-3*06 Cals. 
M. S. Sherrill and E. F. Izard faund that the equilibrium constants for the re¬ 
actions Cl 2 gas+H 2 Se 03 - 4 ~H 20 ^ 3 H +HSe 04 H 2 Cr, and Br2+H2»e08+H20-3H- 
+H 8 e 04 "+ 2 Br' at 25"^ were respectively 1*42x10^ and 0 * 88 . The reduction 
potential of H 2 Se 03 +H 20 iiquid“ 3 H’+HSe() 4 '+ 2 E was calculated to be 
-^1*088 volts ; and the free energy at 25° of Sesoiid+ 202 «„R+H 2 ga 8 ==H*+HSe 04 ' 
to be —107,710 cals. 

F. W. 0. de Coninck said that when aq. soln. of selenious acid are exposed to 
light, reddish-brown, amorphous selenium, insoluble in carbon disulphide, separates 
out. J. H. Gladstone and W. Hibbert found that when the soln. is dil. from a cone, 
of 30*6 to one of 23*0 per cent. HgSeOg, the molecular refraction decreastjs from 
26*98 to 26*84. E. Comeo found the index of refraction, fi, of a soln. of a mol of 
selenious acid in a litre of water at 19° to be T3462 ; and H. W. Stone found for 
aq. soln. of selenious acid containing p per cent, of H 28 e 03 , at 20 ° for the D-line, to be; 

® . 0 I 5 10 20 30 40 50 52 

^ . 1-330 1-3340 1-3382 1-3441 1-3570 1-4280 1*4570 1-4932 1-5010 

F. Urban and V. W. Meloche gave a table for indicating the cone, of soln. of the 
acid from refractometer readings. P. Pringsheiin and M. Yost studied the Raman 

effect 
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A, Rosenlieim and L. Krause measured the H-ion concentrfttioil of selenious acid 
and foundfor .TZ-H^SeOs, [H'|-t>- 3 xl 0 O-lAMioSeOg, [H ]-7-94x 10 »; 

and for 0 -()ll/-H 2 Se 03 ,[H’J 1*995^.10 ^ Hence it follows that the first ioniza¬ 
tion constant i\i^4*85xl(r-‘^. The values of K 
j ’ [ T [~rj calculated from conductivity data are indicated 
pf ^ j j 1^1 jy below. From tlieir observations on the H‘-ion 

O I T I ^ i! LJ r cone., illustrated in Fig. 48, J. 8 . Willcox and 

^ ! I , ^/T^" [ i calculated for the first and second 

c: i ^ . I / 1 i I I ionization constants of selenious acidifj"-4-0 X 10 “*^, 

I; J I j , 1 I I I ! [# and A'2=-0-87 XlO E. Blanc gave/Ci™2 X10 3. 

^ ' i i/ M and A "2 ~ 5x10 8 ; and W. Ostwald gave 1*59 

^ J J + [/ I X 10 ^ A. Rosenheim and L. Krause, and 

i J, ,s. Willcox and E. B. R. Prideaux observed that 

' /i? y’i' 6^ ' selenious acid can be accurately titrated with soln. 

Perce/Jt. H,SeO^/?ei/trdP/^ of sodium hydroxide using jo-nitrophenol indicator 
Fig 48- The>{* ion(Xi centra NaHSe 03 , and thymolphthalein, as in- 

t ion during tl.e.C,.hXrtio“n for complete neutralization although the 

of Selenious Acid with Sodium cnd-point is not SO sharply indicated. J. 8 . Willcox 
Jiydroxide. and E. B. R. Prideaux added that cochineal, 

lacnioid, and resazurin ought to be suitable for 
the first end'])oint. A. Rosenheim and L. Krause found that the mol. electrical 
conductivities, fi, of soln. of selenious acid containing a mol of the acid in v litres 
of water at 25", are : 


<»4 128 256 512 1024 20IH 

1-0 Ut*2 192*05 233*6 27(') 322-S 

• 0*00313 0*00352 0 00281 000343 0 00368 

H. h. Hcliott and co-workers calculated the reduction potential Sei,iack 
H H 28 e ()3 j 4H -| 4(^ to lx* —0*740 volt. The corresponding free 

energies, at 25", arc -101 *36 (Jals. for H^SeOa ; --97'85 Cals, for HSeOa'; and 
^ 8/*89 ( als. for SeOjAccording to (\ Mamielli and G. Lazzarini, in the 
electrolysis of a soln. of selenious acid, the acid is simultaneously reduced to 
seleniuni and oxidized To selenic acid: Il 28 e 03 + 2 H 2 --aH^O-f-Sc, and 
H 20 2 H 28 e() 4 , belenic acid may ]>e conveniently prepared in this way, since 
the electrolysis gives rise neither to intermediate reduction products nor to complex 
acids, as is the case when sulphurous acid is electrolyzed. Theoretically, 0*7388 grm. 
of selenium should be separated at the cathode per ampere-hour, whilst at the anode 
a quantity of selenious acid corresponding with 1*4776 grm. of selenium should be 
oxidized. The diminution of the cone, of selenious acid and increase of the cone, 
of selenic acid are accompanied by a fall in the current yield both of selenium and 
selenic acid. \\ hen a large anode and consequently a small anodic current density 
IS employed, the yield of the oxidation juoduct is large, whilst with a large cathode 
a high yield of selenium is obtained. The diminished yield of selenic acid obtained 
wJien the quantity of this acid increases is not due to the establishment of an 
equilibrium between the oxidation of the selenious acid and the reduction of the 
selenic acid, since in the electrolysis of the latter, only a small amount of 
reduction occurs. The yields at 54" to 58" are not markedly different from 
those at 25 ~ vide^infra, preparation of selenic acid for the electro-oxidation of 
selenious acid. G. Gore said that selenious acid is an exception to the rule 
that acids in contact with heated plates of platinum, jialladium, or gold are 
thermoposniivo. A. bimek and H. Kadlcova did not observe the electro kinetic 
phenomenon, sliowii by tellurium dioxide, in their study of the electrocapillarity 
of selenium dioxide. 

The chemical properties of selenious acid. —In general, oxidizing agents trans¬ 
form selenious acid into selenic acid, and reducing agents yield selenium. Only 
the stronger oxidizing agents effect the conversion, because, added R. Metzner, the 
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heat of oxidation of seleiiiou 8 acid is small. Act^onliiipf to V. (’hahrit^. hydrogen 
reduces selenious acid only when it is in statu yiascendi, J. J. Hcrz(*lins observed 
that when iron or zinc is introduced into selenioiis acid, mixed witli liydrochloric 
acid, selenium separates as a <lark copj)er-red film on tin* nietab or in re(idish 
brown, or greyish-black flakes, according 1 o the temp. In the case of iron, .some iron 
sclenide is formed. Acids other than hydrochloric acid may be used. If sulphuric' 
acid be present, the d(‘positioii of selenium is very slow, and the sedenium is coii 
taminated with sulphur, wliile if arsenious acid be present, th(‘ precijntution of 
selenium is extremely slow. N. W. Fischer said that all the metals in the electn» 
chemical series from zinc to silver -hence gold, palladium, and platinum are 
excluded—precipitate selenium from a mixture of selenious and sulphuric acids. 
Silver becomes covered with a film of silver selenidc so that it-s surface assumes a 
yellow and brown tint, and this even when the liquid contains only one ]>art of 
selenium in 20,()00 to 50,(XK) parts of li((uid. H. Hcinsch made similar ob¬ 
servations with respect to silver and copper in solii. of selenious and hydrochloric 
acids. 

A. Mailfert observed that OZOne oxidizes selenious to selenic acid ; K. Metzner, 
and J. Meyer and K. Heider observed that a similar result is jiroduced by hydrogen 
dioxide ; d- Meyer and K. Heider, sodium dioxide ; H. Jb)se, and H. Topsbe, 
chlorine or chlorine-water: K. 11. l^utler and 1). McIntosh found that selenium 
dioxide is insoluble in licjiiid chlorine and has no elTe(‘t on its b.p. J. Thomsen 
found that the dioxide is oxidized ])y bromine. S. K. (barter and N. J. L. Megson 
observed no complex formation with hydrogen chloride - ^nde infra, oxyhalogen 
salts. A. J. Balard found that the dioxide is oxidized by hypochlorous acid ; 

J. Meyer and 11. Moldenhauer, by chloric acid ; and P. L. Blurnenthal^ by potas¬ 
sium bromate, and nitric acid. A. Ibtte observed that hydrogen fluoride is 
energetically absorbed by selenium dioxide ; ,1. J. Berzelius said that selenious 
acid is not decomposed in the slightest degree by hydrochloric acid ; but B. Baihk(‘ 
showed that when a mixture of the two acids is evaporated a little selenium ]s 
volatilized as selenium chloride, hence, in analytical work, evaporations with 
hydrochloric acid or aqua regia should be avoided. A. W. Peirce, W. Muthmanii 
and J. Schafer, F. A. Gooch and W. G. Keynolds, and J. Meyer and W. von Garn, 
showed that selenious acid is reduced to selenium by hydnodlC UCid, and iodine 
is separated. II. F. Schott and co-workers found that tlie equilibrium constant, 

K, for the reaction Se^iaok f--l 2 soii<i f H 2 Se 03 + 4 H d 41 , at 25 , is 

/{-^[tJoSeOgllH'PfPJ^ ; or K I*46xl0~i4, when concentrations are expressed in 

mols per 1(X)0 grms. of water. , . , ^ 

Very cold, dil. soln. of selenious acid, when treated with hydrogCU sulphide, were 
shown by J. J. Berzelius, H. Rose, B. Rathke, A. Ditte, A. Bettendorf and G. vom 
Rath, E. von Gerichten, and E. Divers and T. Shimidzu to yield a precipitate con¬ 
taining sulphur and selenium in the at. proportion 2:1; in warm soln,, the pre¬ 
cipitate becomes plastjc and red— infra, selenium sulphides. The reaction 
is represented: H 2 Se 03 -f- 2 H 2 B-2S-fSe-f 3 H 20 . E. Divers and T. Shimidzu 
showed that if the soln. is warm, sulphuric acid is formed and the precipitate con¬ 
tains a smaller proportion of sulphur: 4H2Se03-+2H2S:^^-2H2B04-f4Se-f 4 H 2 D. 
This means that a hot soln. of selenious acid oxidizes not only the hydrogen but also 
the sulphur of hydrogen sulphide. Only in very cold soln. is the hydrogen alone 
oxidized; with hot soln., the sulphur is also oxidized. H. Rose added that the 
complete* decomposition of selenious acid by hydrogen sulphide is as diOicult as 
that of arsenic acid by the same reagent. The reaction was also studied by 
A Gutbier and J. Lohmann. According to J. J. Berzelius, when sulphurous acid, 
or an alkali sulphite, is gradually added to selenious acid, mixed with hydrochloric 
acid selenium is precipitated in red or reddish-brown flakes, at low temfc, 
*imrin the dark; but when aided by he^t, or exposed to direct sunlight, 
the action is first: 1128003 -h 2 H 2 SO 3 - 2 H 2 SO 4 fBe+HaO. He continued : the 
precipitation is not completed with less than half-an-hour s boiling ; and if nitric 
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hr pHNsoiit, th(‘ seloniuin is iiot all ])recipitak‘d until the nitric jjcid has 
h(‘(‘n df‘C(nnj)os(‘d by the addition of the necessary quantity of sulphurous acid. 
L. M. (/lark ^^ives | HoSeC), TL 8 e-[ 3112804 , and 2 ll 28 e + Se 02 

2 H 2 O I 3Se. Jl. O. Schulze showed that tlie presence of hydrochloric acid 
is )i(>t esscuitial b(‘ca»is(‘ aq. solu. are reduc(‘d by sul])hurons acid vide sujyra, 
imalv’ti(‘al reactions of selenium. The selenium with dil. solu. is in the col¬ 
loidal stat(\ I'he rea(*tion is accoin})anied by the liberation (»f 71 Cals., 
2(800, Aq..O) (Se,Oo.Ar|.) (2 (i3*G3 —btidb) (‘.ds. The nviction is discussed 

below in conmvtioii with the s(‘lenothionic acids ])r(;pared by \j. Marino and 

V. Squintani. 

A(*cording to H. Rose, ammonium thiosulphate precipitates only a trace of 

sul})huriferous selenium in cold solu. ; but with hot soln., more is precipitated ; 

and if hydrochloric acid is present, still more: H 28 eO;{ f- 2 (Nn 4 ) 2 S 203 " 2 S-l- 8 c 
-I 2(N 11 ^ 2804 -“! H 2 O. J. F. Norris and H. Kay represented the reaction between 
a soln. of sodium thiosulphate and selenium dioxide: 8 e 02 d- 4 Na 28203 - 2 Na 2 S 406 
d 8 ed 2 Na 20 ; in cone, soln., selenium is jirecipitated, and the soln. becomes 
alkaline, but in dil. soln, no selenium is jirecipitated, and the reaction is not com¬ 
plete aecordin" to this ec] nation, owiii^ to the sodium hydroxide formed neutralizing 
part of the selenious acid, whi(‘h, therefore, does not enter into reaction. In the 
])resence of hydroeldoric arid, the reaction occurs according to the equation: 
8 e 02 + 4 Na 2 S 203 -| 4H(7-Na 2848 e()(^ ( Na 2840 (|-f 4 NaCl+ 2 H 2 D- No selenium is 
precipitated, but sodium selenotetrathiouate is formed, which cannot be isolated. The 
reaction is discussed below in r'onneetion with the selenothionic acids. 0. Brunck, 
and J. Meyer and J. Jannek showed that red selenium is produced when selenious acid 
is reduced hy sodium hyposulphite. .).Berzelius found that s(4enious acid is very 
little changed when boih^d with selenium, only a small proportion is converted into 
selenious oxide -vide supra, analytical reactions of selenium. G. Gore found that the 
acid is insolulilo in liquid ammonia. The reduction of selenious acid to selenium by 
hydroxylamine salts and by hydrazine salts was observed by C. Alexi, G. Fellini and 
co-workers, J, Jamiek, and F. rlaiinas(‘h and M. Muller; by hypophosphorous acid, 
observed liy A. (kitliier and E. Rohn ; and by phosphorous acid, observed by 
il. Rose, (\ Alexi, and A, (bitbier, has been discussed in connection with the 
analytical reactions of selenium. 

A. Jouve found that acetylene gives a red coloration with selenious acid in 
6 ul])huric acid soln,,o reaction sensitive lothe presence of ()-(X)l per cent, of selenium. 
A. Michaelis and B. Landmamrs oliservations on the action of etiiyl iodide and 
benzyl chloride have been jireviously indicated. Many Organic substances act as 
reducing agents in hot or cold soln. V. K. Levine discussed the colour reactions with 
phenol. K. W. 0. do Goniuck aud E. Chauveiiet found that colloidal selenium 
is precipitated from soln. of .seh‘ni(>us acid by glucose, lyevulose, dextrose 
formaldehyde, paraldehyde, oenaiithol, formic acid, acetic acid, oxalic acid, nialonic 
acid, succinic acid, and pyroracemic acids. G. Lunge found that diphenylamine 
reduces selenious acid. 8 . A, Fokin studied the action of selenious acid on various 
unsaturated alipliati<‘ acids; L. Marino and co-workers, on piperidine; and 
O. Hirusberg, on naphthalene diamine. M. F. SergeefF, N. A. Orloff, E. Schmidt, 
J. Cm, Dragendorff, and 1\ Mecke found that a soln. of selenious acid in sulphuric 
acid gives characteristic colorations with alkaloids - codeine, morphine, etc. 
C, L. Jackson, A. Michaelis and K. Kimckcll, E. von Gerichten, and B. Rathke 
studied organic compounds in which selenium takes the place of sulphur. 
(’. (Tiabrie also found that selenious acid is reduced to selenium by alcohol 
fermentation. L. Marino and co-workers obtained a complex with piperidine, 
8002 ^^ 5 ! I 5 N. II. B re nek found that selenious acid yields two selenites with 
titanium dioxide. The action with various other oxides is discussed in con- 
uc(4ion with the' selenites. Selenious acid in acidic soln. is oxidized by potassium 
permanganate c/! selenic aeid and the reaction: 4 Se 02 + 21 vMiiO 4 -- 38 c 03 
I K 28 eD 4 1 Mn 203 , has been applied to analytical work by F. A. Gooch and 
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E. W. Danner, B. Brauner, F. A. Gooch and 0. V. (Momons, I*. Lousier, B. Met/ner, 
and W. T. Schrenk and B. L. Browning. 

H. Reinsch observed that when metallic copper is placed in a warm soln. of 
selenious acid containing liydrochloric ainil, it inimediatoly becomes coated black ; 
if the »oln. remains long in contact with the (M)ppcr, it turns light red from the 
separation of selenium, li. M. (’lark found that the rom])osition of tlie precipitaie 
obtained by the reduction of selenious acid by sulphurons acid in the ]»resi‘nc(‘ ol 
copper sulphate and hydrochloric acid varies from tliat of <-uproiis sehmidi' in 
slightly acid soln. to that of pure selenium in soln. containing luiK'h hydrochloric* 
acid. It is suggested that the selenious acid is under all conditions first re<luce(l 
to selenium: So02d-2Cu2n2-f4H(d ~Se-f4(hi('L I- 2 II 2 O, wliich subsr<piently 
affords cujirous selenide : Se extinit of tlie forma¬ 

tion of cuprous vselenide depends on the hydrogen-ion cone, of the soln. 
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§ 10. The Selenites 

Selenioufi acid acts as a dibasic acid, forming a series of normal salts or selenites 
of the type M 28 e 03 , and a series of acid salts or hifdroselenites of the type MHSO 3 ; 
and there are also salts of even higlier acidity, MHSO 3 .H 2 SO 3 , or MH 3 Se 206 . In 
addition, there are pyroselenites of the type M 2 Se 205 . There are also complex salts, 
or heteropoly-salts with molybdic acid, uranic acid, and vanadic acid. 

J. J. Berzelius ,1 L. F. Nilson, and J. S. Miispratt obtained normal ammonium 
selenite, (NH 4 ) 28 e 03 , by disvsolving selenioua acid in a slight excess of cone. aq. 
ammonia, and leaving the soln. to evaporate in a warm place. If the temp, rises too 
high during the admixture, some selenium may be reduced. F. A. Fliickiger 
observed that this salt is formed along with ammonium selcnide when selenium 
and aq. ammonia are heated in a sealed tube. L. F. Nilson's analysis showed that 
the crystals are probably the vwnolujdratc, (NH 4 ) 2 Se 03 .H 20 , and he added that there 
is probably a higher hydrate still. J. J. Berzelius described the crystals as four¬ 
sided prisms, oblique four sided plates, and feathery crystallites ; L. F. Nilson, as 
small white needles which, in contact with the mother-liquid, form transparent 
prisms. ^ J. J. Berzelius, and J. S. Muspratt said that the salt deliquesces in air; 
and L. F. Nilson, that when exjiosed to air, the normal salt loses ammonia and forms 
the hydroselenite. J. J. Berzelius, and J. S. Mus])ratt found that when the normal 
selenite is heated, it swells up giving off water and ammonia, and afterwards water 
and nitrogen together with a quantity of trihydrodiselenite partly dissolved in the 
water and partly as a sublimate ; selenium remains as a re.sidue : 3 (NH 4 ) 2 Se 03 
=9H20-f 2 NH 3 + 3 S 0 f 2 N 2 . R. Weinland and J. Alfa evaporated a cone. soln. 
of ammonium selenite in an excess nf 40 per cent, hydrofluoric acid and found that 
some hydroxyl radicles are replaced by fluorine to form SeO(OH).F(ONH 4 ). 
P. Lafon observed that of the alkaloids and glucosides tried, only morphine, and 
codeine gave a green coloration which gradually becomes brown. When a soln. of 
the normal salt in water is allowed to evaporate spontaneously, J. J. Berzelius 
found that ammonia is evolved and acicular crystals of ammonium hydroselonitOt 
NH 4 HSe 03 , are formed. They are stable in air. L. F. Nilson obtained the salt in 
hygroscopic prisms. F. Cornoc measured the conductivity of soln. obtained by 
mixing different proportions of soln, of Jif-, and ^i^M-soln. 

of aq. ammonia and selenious acid. When the curves showing the product of the 
electrical conductivity and the sp. vol. of the soln. as a function of the proportion of 
the constituent soln. mixed together are plotted, there is a minimum corresponding 
with the hydroselenite for the three most cone. soln.; and in all cases there is a 
maximum corresponding with the normal selenite, Fig. 49. There is no evidence of 
any other compound as suggested ]>y the results of A. Miolati and E. Mascetti. 
K. Cornec measured the indices of refraction of mixtures of 2 A^-H 28 e 03 - and 
iV-NH 3 -soln. at 10 , and found there is a linear fall from 1*3462 with 100 per cent. 
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of the selenious acid solu. to 1*3423 with 50 per cent, of the alkali soln. added. 
There is then a fall to 1*3422, 1*3421 with 66*6 per cent, of ammonia soln. and 
then a drop to 1*3379 with 100 per cent, of 
ammonia soln. L. F. Nilson reported delique¬ 
scent prisms of ammonium dihydrotriselenite» 

2 {NH 4 ) 2 Se 03 .H 2 Se 03 , to be formed by evapo¬ 
rating a soln. of selenious acid in aq. ammonia. 

J. J. Berzelius obtained ammonium trihydro- 
diselenite, (NH 4 )HSe 03 .H 2 Se 03 , as a deliquescent 
mass, by evaporating a soln. of the hydroselenite, 
aided by heat or by treating it with an acid. He 
could not crystallize the salt; but L. F. Nilson 
obtained it in deliquescent prisms by evaporat¬ 
ing the cone. soln. in vacuo. It loses ammonia 
when dried in vacuo over sulphuric acid. 

J. Jannek and J. Meyer said that a mixture of a 
cone. soln. of hydrazine hydrate and selenious 
acid yields a red soln. containing hydrazouium selenite and polyselenid(?s, which, 
on dilution, forms a stable solu. of selenium. 

The alkali selenites were ]>repared by J. J. Berzelius by evaporating a soln, of 
the alkali carbonate sat. with selenious acid; and L. F. Nilson obtained rnmio- 
liydrated lithium selenite, Li 2 Se 03 .H 20 , from a soln. of selenious acid in lithium 
iiydroxide at 60°. The salt furnishes acicular crystals wliich lose half their water at 
JOO^ A. Rosenheim and L. Krause’s analysis agreed with the teiritatrUnf(Irate, 
4 Li 28 e 03 . 3 iJ 2 (), not the monohydrate. J. J. Berzelius said that bthium selenite is 
hygroscopic; and it fuses below a red-heat, forming a yellow liquid which, 
on cooling, solidifies to a clear, pearly mass with a broadly foliated crystalline 
texture. A. Kosenheim and L. Krause found that 100 grins, of sat. aq. soln. 
contain 

O'* 2r»“ 47 S'* lOO** 

Li..So 03 .... 19*99 19*76 14*53 12*75 9*05 grins. 


JO 60 dC 

Per (pnf PP, jr;//? 

l^^'iG. 49 —Vrogressivc A(hiitloij ol 
Aiiirnoiiia to Solutions of Su- 
lenious Af id. 


SO that the solubility of lithium selenite like that of many other lithium salts, has a 
negative temp, coeff. Juthium selenite shows no tendency to adsorb lithium 
hydroxide from aq. soln 

L, F. Nilson prepared sodium selenite, Na 2 Se 03 , by exposing the hydrated salt 
in dry air ; and by evaporating an aq. soln., between 60° and 100°, of a mixture of 
sodium hydroxide and selenious acid, in eq. proportions ; J. B. Krak used the same 
method; and C. A. Cameron and J. Macallan, by heating together a mixture of 
sodium chloride and selenium dioxide. The salt was also prepared by J. S. Muspratt 
— probably from an acidic soln. J. J. Berzelius said that the salt obtained by evapo¬ 
rating the aq. soln. m vacuo forms small grains; J. S. Muspratt obtained it in radiat¬ 
ing crystals, which, according to L. F. Nilson, are tetragonal prisms. J. S. Muspratt 
said that tlie crystals can be fused without decomposition ; J. J. Berzelius added 
that the salt is jicrmanent in air ; tastes like borax ; is freely soluble in water, and 
insoluble in alcohol; N. R. Dhar found that the reduction by organic acids is 
promoted by the presence of oxidizing agents —potassium permanganate, or per¬ 
sulphate, hydrogen dioxide, manganese dioxide, potassium nitrite, etc. L. F. Nilson 
said that if the aq. soln. be evaporated at ordinary temp, it furnishes a syrupy liquid 
wliich deposits tufts of microscopic, acicular crystals, or four-sided prisms with the 
ends cut off obliquely. The crystals are the fentahydraie, Na 2 He 03 .r)H 20 , which 
loses its water of crystallization in dry air. E. Cornec found the mol. lowering of the 
f.p. of water with normal sodium selenite is 43*2 to 49*4. A. Miolati and E. Mascetti 
observed tlie sj). conductivity of selenious acid when successive portions of a soln. of 
sodium hydroxide are added—^^fi^e Fig. 49—and the results indicate the existence of 
the trihydrodiselenite and hydroselenite. They found the mol. conductivity, /x, of 
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Thv ^^suJtfe ajj^roo with the dibasicity of the acid. E. Blanc found the degree of 
hydrolysis of a O-OiOhA'-soIn. of sodium selenite to be 0*379 per cent. J. J. Berzelius 
sidd tliet sodium hydroselenite, iNaHSO;^. is obtained in tufts of needle-like crystals 
by slowly coo]ino a synijjy solri. of the salt ; and L. F. Nilson, by evaporating over 
cola , snijihuric acid a soln. of a mol of sodium carbonate with 2 niols of selenious 
acid. It forms radl.itmg, monoi lime pri'>ms ; it is permanent in ordinary and in 
dr\^ air, and at lOO ’; it docs nut fuse at 100'"; and is freely soluble in 
water. J. R. Musjmitt thought the salt was iiioiiohydrated, but L. F. Nilson said 
that it is not so. F, Safe neutralized selenious acid with sodium carbonate ; 
f'vapoiated Ibc s(dn. to a svrujiv consistency; and left it to stand in vacuo. He 
said tliat crystals \sith the composition 2Nao().3Sc()o are formed ; but this has not 
been Ycriticd. E. Fornec measured the indices of ndraction of mixed soln. of 
2 A'-JfoSe ()3 and .V-ilaOll at J9t)', and found that the index of refraction falls 
lincaTTv fnjm l*31b2 witli 100 per cent, of the acid soln. to 1*3421 with 50 per cent, of 
the alkali soln., and it tlien rises linearly to 1*3432 with 100 per cent, of the alkali 
soln. E. Eonu'e found the mol. lowering of water with sodium hydrosulphite is 
32*9 to 3b*2, and if the salt be regarded as pyroselenite, the mol. lowering is 65*8. 
to 72*3. J. J. Berzelius said that SOdium trihydrodiselenite, NaH 3 (Se 03 ) 2 , is formed 
by the spont.iiKMjus evaporation of the aq. soln. L. F. Nilson used a soln. of a mol 
of sodium carbonate and 4 mol? of selenious aeJd. J. S. Muspratt said that the salt 
is hemiliydrated, but \j. F. Nilson could not verify this. It furnishes monocliiiic 
])risms which arc ]iermaneut in ordinary and in dry air, but the salt has a tendency 
to eifloresce. 

J. J. Berz(‘lius, J. 8. Muspratt, aud L. F. Nilson jirepared potassium selenit€, 
K^SeOg, and the iast-jjaiued said that the inonohydratei K 2 Se 03 .H 20 , is obtained 

by boiling a soln. of equimolar parts of 
potassiuin carbonate and selenious acid 
to remove the carbon dioxide, and allow¬ 
ing the soln. to evaporate at ordinary 
' temp, over sulphuric acid. The salt is 
bo deliquescent that the crystals could 
not be freed from the mother-liquor 
by s(pieezing between bibulous paper. 
L. F. Nilson said that the laminar, four- 
)t sided prisms are j)robabIy rhombic, 
c J. J. Berzelius said that the salt melts 
when heated, forming a yellow liquid 
wliich becomes a white when it is solidi¬ 
fied find cold. J. H. Muspratt said that 
tiu‘ aip soln. is alkaline, and added that 
the salt lias au uuplea.saiii taste, and it is soluble in all proportions in water, 
but Jiot in alcobul, which precijiitates it as an oily liquid from its aq. soln. 
J, J. Berzelius snhl tliat the salt is not soluble in alcohol. J. J. Berzelius, J. S. Mus¬ 
pratt, and L, F. Nilson preqiared potassium hydroseleuite, KHSeOg, by the method 
used for the sodium salt. It furnishes laminar, four-sided, probably rhombic, 
prisms. The salt is very deliquescent, and is slightly soluble in alcohol. At 100^ 
the salt loses water very slowly and becomes anhydrous— j)yrosdenite —without 
fusing ; at a higher temp, it loses selenium dioxide and forms the normal salt. 
E. Cornec measured the lowering of the f.p. of mixtures of 2 i\r-H 2 Se 03 , and 
O'bxV-KOH, in various proportions, and obtained the results illustrated by Fig. 50. 
A point of inflexion corresponds with the formation of the hydroselenite, and a 
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iniiiimum iu the curve corre*s|)oiiding with tlie normal selenite. P Pniijj^hheim .ind 
M. Yobt studied the Kaman eSeet with aq. soln. of tlie hydroselemte. A. Miolati 
and E. Mascetti measured the specific conductivity of a soln. c)f selenious acid ("> c.c. 
of which was neutralized with 0*01^Y-alkali) after tlie pro^^ressive addition of a c.c. of 
the alkali. The curves shown in Fi< 5 . 51 have brcaiks corresponding with tli<‘ 
formation ol triliydrodisclenites and hydroselenites. J. J. Berzelius, and L. F. Nilson 
prepared potassium trihydrodiseleilite, KlJ3(Se()3)2, as in the ca.se of tlu' sodium 
salt. The glass-like prisms arc probably rhombic, and are permanent in air. The 
salt is very soluble in water, and it loses about two-thinls of its total watei at 
100^, and on tliis account, W. Muthmann and J. Schafer suggested that it is really 
potassium pyroselenite, KO.SeO.O.SeO.OH.lh^O. 

h. F. Nilson obtained rubidium selenite* kb^SeOj and caesium selenite, 
(^^S 2 Se 03 . 3 H 20 , by crystallization from the aq. soln. j)repared as in the case of th(‘ 
potassium salt. The crystals are r>btaiued with difiiculty, and are extremely 
deliquescent, lie also prei>ared rubidium hydroselenite, kbHSeOjj, and ceesium 
hydroselenite, CsHScfL, as in the ca.se of the .sodium salt; and likewise also with 
rubidium trihydrodiselenite, 1^1113(8603)-; aiul caesium trihydrodiselenite, 
CsH 3 (Se 03 )o. 

J. J. B(‘rzeliiis - reported a white, insoluble CUprous selenite to be formed by 
digesting cuprous oxide with a soln. of sehuiious acid ; and a pistachio-greeu, 
insoluble, basic cupric selenite, by precipitation from a soln. of copper sulphate on 
adding a soln. of ammonium selenite containing an excess of ammonia. B. Bont- 
zoureauo obtained the basic salt, copper oxyselenite, 2 CuO.SeOo, or Cu 0 .CuSe 03 , 
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by heating water and the precipitate obtained by J. J. Berzelius in a sealed tub(* 
at 220^ ; and also by heating the normal salt wit h a little cupric carbonate and water 
under similar conditions. The yellowish-green, or dark olive-green, prismatic 
crystals are monocliiiic. They lose selenium dioxide when calcined, leaving a 
residue of cuprous and cupric oxide. The oxyselenite is insoluble in water, and 
soluble iu aq. ammonia, and in acids. J. J. Berzelius o}>tained a bulky, curdy, 
yellowish precipitate on adding ammonium hydroselenite to a warm, aq. soln. of 
copper sulphite. The preci[)itate soon forms greenish-blue crystals of copper 
selenite, CuSeOa.JHoO, that is, lIO.Cu.O.SeO.O.Cu.O.SeO.O.Cu.O.SeO.OH. 
J. 8. Muspratt obtained the same telritahj/drate in a similar manner ; and B. l^out- 
zoureano, by heating the dihydrate and water in a .sealed tube at 150° ; or by heating 
the tetrahydrated hydroselenite at KK)°. B. L. Espil obtained the salt, in green rods, 
by passing the vapour of selenium dioxide over copper oxide, or by heating the 
mixed oxides in a sealed tube. B. Boutzoureano observed that the greenish- 
blue crystals he prepared are probably monoclinie. AVhoii heated they lose water, 
and become liver-brown, they then fuse, turn black, and give off theii water with 
ebullition. The salt is insoluble iu water, or in selenious acid ; l)ut is soluble in 
acids. L. F. Nilson obtained the dihydrate, (hiSeO^.^ILO, by adding potassium 
iiydroselenite to a soln. of copper sulphate, and allowing the greenish-yellow, 
amorphous precipitate to stand in the mother-liquor for some time, when it is con¬ 
verted into four-sided, prismatic crystals. C. Friedel and E. 8arasiu obtained the 
same hydrate, as a blue, crystalline powder, in a similar manner by using normal 
potassium selenite, and also by heating the precipitate with water in a sf‘aled tube 
at 130°'-200°. C. Friedel and E. Sarasin, and B. Boutzoureano, obtained rhombic 
crystals by allowing a cracked test-tube containing potassium selenite to stand in 
a soln. of copper sulphate. A. des Cloizeaux and A. Darnour found that this salt 
occurs in thin crusts of transparent, bright blue crystals lining the cracks in the 
cupriferous lead selenide deposits at Cerro de Cacheuta, Argentine. The mineral 
was named cbalcomenite — ;^aA/cos, copper; and fJLT^vrj, moon, in allusion to selenium 
—and it is easily distinguished from the malachite and azurite occurring along with 
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it. A. (Jos Cloizeaux and A. Danionr found that the crystals of chalcomenite are 
inonofilinio prisms with the axial ratios a :h:c 0*72219 :1: 0*24604, and ^—89° 9'; 
tlio (001)- and the (lOl)-faces are often striated ; the optical charact(‘r is negative. 
The artificial crystals o])tained by C. Friedel and E. Sarasin, were found to be rhombic 
l)i}>yramids with the axial ratios a : h : c^O-9071 : I : 1*2322. The sp. gr. of 
chalcomenite is 3*70. The salt loses .some water at 100 ^, but when the whole of the 
water is expelled, some selenium dioxide is simultaneously lost. The salt is 
permanent in air ; and insoIu])lc in selenious acid. C. Freidcl and E. Sara.sin 
])re]}ared copper hydroselenite, Cii(HSe().d-j:, l>y heating the normal salt with some 
water and selenious acid in .a scialed tub('. at 13t)°-200” ; and L. F. Nil.son, and 
R. Routzoureano, by digesting tlie normal salt with selenious acid at 60''. Tln^ 
bluish-green powder (*onsists of microsco]>ic prisms. The salt suffers no loss of 
weiglit at 100 '" ; it gives off’ water wlien lieated in a sealed tube ; it is insoluble in 
water, but is deconif)osed, forming the normal salt. It is soluble in acids. 13. Bout- 
zounaino obtained th(* iinmohydrate, Cu(H 8 e() 3 ) 2 .HoO, from a soln. of the hydroxide 
in selenious acid, and by lieating the hydroselenite with a cone. soln. of selenious 
*i(‘id in a seah'd tnlx* jit 230'\ The green crystals are monoclinic ; they lose 5*1 per 
cenf. of water at JOO^'. Ij. F. Nilson reported the di//ydraie, Cu{HSe 03 ) 2 - 21 Io 0 , to 
he formed froih a soln. of the hydroxide in selenious acid. The blue powder becomes 
green in warm water, lb Boutzoiireano r(*p(#rted th(‘ (rtltydralCj Cu(HSe 03 ) 2 . 31120 , 
t(j be formed from a boiling soln, of .seleniiuis a(ad ancl copper carbonate. The 
green, rhombic crystals furnish the normal salt at 100 "^; they effloresce in air ; and 
they are insoluble in water but soluble in acids. L. F. Nilson could not make a 
more acid cop])er selenite. W. L. Ray pref)ared green, crystalline copper pyroscle- 
nite, ru 8 e 205 , by lieating selenium oxydichloride, and anhydrous cupric chloride : 
0 uCl 2 -l- 3 SeO 2 “fhiSeO 3 . 8 e(L+SeOCl 2 . The selenium oxychloride simply acts as 
a solvent for cupri('. ehloride and selenium dioxide. Selenium dioxide formed by the 
hydrolysis of some of the selenium oxydichloride by moisture of the air is dissolved 
in the excess of seleTiium oxydichloride, and vdien a certain cone, of selenium 
dioxide is reaclu'd the copper selenite is formed. The reaction may be made to go 
from right to left by adding selenium oxydichloride that is not sat. with selenium 
dioxide. Anhydrous cupric chloride and selenium dioxide heated together give 
selenium oxydicldoride and a selenite of copjier. F. L. Hahn prepared chromium 
co])])er schmite. 

J. J. B(*rzelius ^ obtained silver selenite, Ag 2 Se 03 , }>y dissolving silver selenide 
in boiling nitric acid : the soln. d{‘posits crystals of the salt on cooling. J. Thomsen 
obtained the salt from a soln. of silv'er (^arbonate in selenious acid ; and J. J. Berze¬ 
lius, by adding selenious acid to a soln. of silver nitrate when the selenite is pre¬ 
cipitated as a white powder ; the salt crystallizes in needles from a soln. in liot, 
dil. nitric acid, and V. Leiihcw said, in anhydrous plates; the sp. gr. is 5*9297. 
J. J. Berzelius said that the salt is not blackened in light; it fuses almost as easily 
as silver (diloride, forming a clear liquid which, on cooling, solidifies to a white, 
opaque, friable mass having a crystalline fracture. When strongly heated, it gives 
off selenium dioxide and oxygen, forming silver. It is sparingly soluble in cold 
water, more freely in hot water ; and it readily dissolves in nitric acid, from which 
soln. it may he precipitated by adding cold water. According to E. Divers and 
T. Sbimidzu, silver selenite is a little more soluble in nitric acid than is silver sulphite; 
and it is not soluble in a soln. of potassium selenite. J. Thomsen said that when the 
sfdt is shaken with bromine water it furnishes seleuic acid and silver bromide ; and 
J. Krutwig found that when it is heated in chlorine, silver chloride is formed and 
selenium dioxide sublimed. B. Boutzoureano evaporated, in air or in vacuo, a 
soln. of silver selenite in aq. ammonia, and obtained yellow crystals of silver ammino- 
selemte, Ag 2 Se 03 .NH 3 . The salt blackens in light; it is insoluble in water and 
is not decomposed by boiling water; and it is soluble in nitric acid especially if 
warm, (L Bnini and G, Levi also prepared silver tetrai1111lillOSel6Uite» 
AgoKSe 03 . 4 NH 3 . No gold selenite has been reported. 
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According to J. J. Berzelius,4 calcium selenite is gradually deposited during the 
dissolution of calcium car])onate in a soln. of selenious acid ; and L. E. Nilson 
obtained the iriiafetrahfjdraiey SCaSeO^AHoO, as a white precipitate consisting of 
microscopic prisms, when a soln. of calcium chloride is treated with one of sodium 
selenite. The salt was also prepared by J. S. Muspratt. J. J. Biirzelius said that 
the salt fuses at a red-heat, and in this state has a powerful action on glass, blistering 
it in a remarkable manner. It is slightly soluble in water. L. F. Nilson found that 
it efHores(‘es over cone, sulphuric acid losing a mol. of water. J. J. Berzelius, and 
L. F. Nilson obtained strontium Selenite, SrSe 03 . 3 Ho 0 , in an analogous manner ; 
and J. J. Berzelius, J. S. Mus[)ratt, and L. F. Nilson, microscopic ])risms of barium 
selenite, wliic'h L. F. Nilson regarded as the nionohydrate, BaRe 03 .H.^ 0 . J. B. Krak 
treated a soln. of s(‘lenious acid with baryta-water, and washed the precipitated 
selenite. 0 . Pettersson found that barium selenite can be heated to whiteness 
without decomposition, and at the same temp, the selenate is converted to selenite. 
J. J. Berzelius obtained small prismatic crystals of calcium hydroselcnite, from a 
.-.oln. of the normal salt in selenious a(‘id ; and L. F. Nilson obtained monoclmic 
])risms of tlie monohydrate, Ca(H 8 e 03 ) 2 -ll 20 , wdicn a soln. of a mol of calcium oxitb^ 
in two mols of selenious acid is allowed to stand over cone, sulphuric acid. The salt 
is jicrtnanent in air ; it loses half its selenious acid when heated, or in contact wuth 
aiumonia ; and it is fairly soluble iu wviter. J. J, Berzelius, and L. F. Nilson also 
J)rt‘]xired strontium hydroselcnite, Sr(H 8 e 03)2 ; and J. J. Berzelius, J. 8 . Muspratt, 
and L. F. Nilson, barium hydroselenite, which L. F. Nilson found to be anhydrous, 
and it is therefore barium pyroselenite, BaSc 205 . L. F. Nilson evaporated at 
a soln. of the normal salt mixed with an equimolar part of selenious acid, and 
obtained six-sided plates of calcium tetraselenite, Ca 2 Se 40 jo*^l 2 ^> Ca 2 n 2 ^<^ 40 iij 

which are stable in air, and freely soluble in water. He could not prepare a barium 
selenite more acid than the pyroselenite. 

J. J. Berzeliu.s rrumt ioned that selenite of beryllium is a white pow^der ; that the 
hydroselenite is soluble and, when evaporated, dries to a gummy mass ; and that 
both salts lose acid when heatc'd : J. 8 . Muspratt added that beryllium selenite is iji 
every way analogous to that of aluminium; wliile the hydroselenite is extremely 
soluble and does not crystallize*. A. Atterberg did not o])tain normal beryllium 
selenite, BeScO^, but stated that it does not seem to be crystallizable, and its soln. 
is decom})osed by water de 2 )ositing basic salts, lie reported three*, basiei seleiiites, or 
beryllium oxyselenites ; one with the ratios BeO : Se 02 : ^ ; 2 : 0 , was 

e)btaine3d by adding ammonia to a soln. of beryllia, but keequng the soln. acidic, the 
amorplioiis j)reci])itate loses about half its W'ater at KAl^' —a second salt, whtli the 
ratios 2:1:4, was made by adeling a soln. of beryllia in selenious acid and treated 
with ammonia so long as the precipitate formed is rcdissolved, to a sobi. of beryllium 
oxysulphate, Be 0 .Be 804 . The amorphous precipitate loses about half its water at 
JOG'’. The third basic selenite, with the ratios 7 : 3 : 14, was obtained by adding 
sodium acetate to the mother-liquor remaining after the separation of the preceding 
salts. L. F. Nilson obtained a basic salt with the ratios 5 : 2 :10 ; this is very near 
to A. Atterberg’s third salt. L. F. Nilson obtained the 5:2: 10 ~salt by adding 
normal sodium selenite to a very dil, soln. of normal beryllium sulphate until tb (5 
])recipitate does not dissolve when the soln. is stirred. If the juoduct is treated at 
00 '^ wdth 63*08 per cent, of its weight of selenious acid and a little water, eva^iorated 
jicariy to dryness, and stirred with a little water, there is formed normal beryllium 
seleuite, Be 8 e 03 , 2 H 20 , in globular masses of a gummy nature, tough and flexible 
w hen w^arm, brittle when cold. If a large excess of water is usecl, the juecipitate is a 
white, flaky, amorphous, basic salt. L. F, Nilson also reported a number of acidic 
salts including beryllium hydroselenite, Be(H 8 e 03 ) 2 , obtained in oblique, four¬ 
sided jflates, by allowing a syrupy soln. of 100 parts of the 5 : 2 : 10 -salt in 168 ]>arts 
of selenious acid to evaporate spontaneously at ordinary temp. He also found that 
if this soln. is allowed to evaporate at 60°, crystals of the 3 : 5 : 3-salt -beryllium 
pentaselenite— are formed ; and the evaporation of the mother-licpior furnishes tlie 
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3:7: 5-salt, wliiie a solu. of lUO parts of the 5 : 2 : 10-saIt -beryllium heptaselenite 
— and 378*5 parts of selenium dioxide at 60"^ furnishes the 1:3: 2-salt— beryllium 
triselemte. All these products are said to give microscopic needles ; to be sj)Hringly 
soluble in cold and hot water ; and to be soluble in dil. hydrochloric acid. There is 
an indofiniteness about compounds whose claims for recognition as chemical indi¬ 
viduals are based on analysis—particularly of gummy, amorphous masses. The 
subject —vide the basic beryllium sul])hates, 4 . 28, 11—wants revision in the light of 
the phase rule. 


J. J . Berzelius prepared magnesium selenite, as a white, granular mass, by digest¬ 
ing magnesium carbonate with a soln. of vSeleiiious acid, and in small, hydrated, four- 
sided prisms and jdates, l)y evaporating the hot, iuj. soln. According to J. S. Mus- 
pratt, the rhombic prismatic crystals are those of the Irihydrate, MgSe 03 . 3 H 20 , 
i8omor})hous with magnesium sul])haie and carbonate. When heated, the salt loses 
water and assumes the appearance of an enamci wdiich attacks glass like calcium 
selenite. Acc*ording to ]j. F. Nilson, J. S. Mus})ratt's triliydrate was deposited from 
boiling water, and there is some uncertainty if .1. 8. Mus})ratt did not mistake the 
trihydrate for ih^Juwahydratc, MgSeO^.GHoO, which L. F. Nilson prepared by adding 
sodium selenite to a soln. of magnesium cldoridc. B. Boutzoureano also obtained it by 
treating a soln. of magnesium chloride or sulphate witli seleiiious acid, and adding 
enough sodium carbonate to start the precipitation, which completes itself wdien tlie 
mixture is allowed to stand for some time. L. F. Nilson said that the hexahydrate 
forms six-sided, rhombic plates ; B. Boutzoureano, tetrahedral crystals belonging 
to the cubic system. The salt is insoluble in water, but soluble in dil. acids—also 
selenious acid, especially when warm. When boiled with water, it begins to form a 
lower hydrate, and when heated in a sealed tube to 150°, it forms inonoclinic prisms 
of the dihydrale, MgSe 03 . 2 H^ 0 . When the hexahydrate is heated to 100°, it loses 
5 mols of water, leaving the nwnohydrate, MgSeO^^.HyO, which B. Boutzoureano 
rep^sented IIO.Mg.HSeOa; the dihydrate at 100° also forms the monohydrate. 

A. Hilger and E. von Gerichten thought that a heptahydrate, MgSe 03 . 7 H 20 , is formed 

as a crystalline precipitate, similar to ammonium magnesium phosphate, when a 
mixture of magnesium and ammonium chlorides and ammonia—magnesia mixture— 
is added to a soln. of selenious acid or alkali selenite, and the mixture allowed to 
stand for some time. When calcined it loses a little selenium oxide ; it is sparingly 
1 ^ ^ water, and freely soluble in acetic and mineral acids. According to 

B. Boutzoureano, if a soln. of the normal selenite in selenious acid be heated in a 

sealed tube at ^)0°, rhombohedral crystalsof magnesium hydroselenite, Mg(HSe 03 ) 2 , 
are formed. The salt leaves a residue of magnesia when calcined ; it is insoluble 
M acids. L. F. Nilson prepared the tetrahydraie, 

X g( oe ^ 3 ) 2 . 4 ^ 20 , from a soln. of equimolar parts of the normal selenite and sele- 
nious I he six-sided prisms are said to be stable in air, and to lose 3 mols. of 

wat^r at 100 The salt is freely soluble in water. L. F. Nilson prepered mag¬ 
nesium tetrahytootnselenite, MgH 4 (Se 03 ) 3 , by evaporating a soln. of r mol of the 
normal salt and 3 mols of selenious acid at G0°; if the evaporation be conducted 
at ordinary temp., rhombic prisms of the trihydrate, MgH(Se 03 ) 3 , 3 H 20 , are formed. 

omo .""fi obtained normal zinc Selenite, ZnSeOg, by heating the hydrate 

^ ^ ^ crystallizes from the mother-liquor obtained in preparing 

the hydrose enite. The prismatic crystals are probably rhombic. The salt is decom- 
j)osed oy calcmation m air, leaving zinc oxide as a residue. It is insoluble in water ; 
ro ^ L- F- Nilson also obtained this salt by heating the monohydrate 

of selenious acid. L, F. Nilson^repared the minohydratc, 
inf 2 > ^ white, flaky, amoqihous precipitate by mixing soln. of zinc 

sulphate and potassium selemte. If heated with a little selenious acid, it is converted 
into a microcrystaUme powder, whicli is permanent in air, and when heated to 100°, 
J. J. Berzelius, and J. S, Muspratt obtained the dihydrate, ZnSeOo.2HoO, as a white 
precipitate insoluble m water. According to L. F. Nilson, it forms white, four-sided, 
rhombic prisms when it is aUowed to stand in contact with selenious acid. As indi- 
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cated above, it passes into tlie anliydrous salt at 200". J. J. Berzelius said that vvlicn 
the salt is heated, it fuses to a yellow transparent liquid which on cooling forms a 
wliite mass witli a crystalline fracture; at a higher temp,, it gives off selenium 
dioxide, leaving a basic salt no longer decomposable by heat. When a soln. of zinc 
.selenite in amnumia is evaporated s])ontaneously in air, in vacuo, or on a water-bath, 
B. Boutzoureauo obtained rliombic crystals of zinc amminoselenite, ZnSe 03 .NH 3 . 
Jt is not altered by cold or ])oiling water; and it does not lose weight at 100"^, When 
heated in a closed tu})e it gives oJf water and selenium. J. J. Berzelius said that a 
soln. of zinc selenite in selenious acid yields a transparent, gummy mass easily 
soluble in water. L. F. Nilson failed to ])rej)are zinc hydroseleiiite because of “ the 
great insolubility of th(‘ neutral salt*’ wdiicii passes into soln. as tetraselenite. 
H. Boutzonreaiio was more successful, since he obtained zinc hydros^lenite, 
Zn(HSe() 3 ) 2 . 2 H 20 , by adding powdered zinc carbonate, in small portions at a time, 
to soln. of 20 grms. of selenium dioxide in 30 c.c. of Avater : and leaving the clear, 
deeanted, syrupy liquid to stand for some time at 20 ^ to 30°. The (‘olourless, lustrous, 
monoclinic ])risnis lose 2 mols. of water at i 0 (V\ V, Wohler obtained zinc tctra- 
selenite, ZnSe 409 . 3 H 20 , by the action of selenious acid on metallic zinc. The licpiid 
is separated from the selenium and zinc selenide formed at the same time, and when 
spontaneously evap<jrate(l furnishes yellow, oblajne,. rhombic. j)risms, which are 
[)ermanent in air, and easily soluble in water. When the a(p soln. is heated it forms 
the normal selenide. L. F. Nilson made this salt by treating a mol of the normal 
salt with a soln. of 3 mols of selenium dioxide and w^ater, and allowing 
tlie liquid to evaporate spontaneously. 

.1. S. Muspratt found that selenious acid does not give a precipitate with a zinc 
salt, hut ammonium selenite furnishes a wdiite precipitate resembling precipitated 
alumina. It assumes an orange tint w^hen exposed to air ; it is soluble in selenioiLS 
acid ; and gives a yellowish-red sublimate when heated in a closed tube. 
L. F. Nilson prepared cadmium selenite, CdSeOj, from a soln.’ of cadmium hydroxide 
in hot selenious acid ; the liquid suddenly deposited acicular crystals with oblique 
ends. B. Boutzoureauo obtained it in rhombic crystals by heating the hydroselenite 
W'ith water in a sealed tube at 2(X)°. The salt is insoluble in winter, soluble in acids. 
L. F, Nilson said that the hemitrihydratey 20 dSe 03 . 3 H 20 , is formed as a white, 
amorphous, insoluble precipitate when a soln. of cadmium chloride is treated wuth 
sodium selenite. B. Boutzoureauo evaporated a soln. of the normal selenite in 
ammonia, and obtained cadmium amminoselenite, CdSeOs.NHs, as a white, 
crystalline pow der consisting of rhombic prisms which are insoluble in water; 
soluble in dil. acids ; decomposed by hot potash-lye ; and decomposed when heated 
in a sealed tube. B. Boutzoureauo also obtained cadmium dihydrotriselenite, 
2 (.VlSe 03 .H 2 Se 03 , or Se 0 ( 0 .Ckl.H 8 e 03 ) 2 , from a hot soln. of cadmium carbonate 
in selenious acid. The monoclinic crystals are insoluble in water, and soluble in 
acids; they lose water in a sealed tube at 20 (J", and form the normal selenite. 
L. F. Nilson found that if a soln. of a mol of the di hydro tetraselenite in 2 mols of 
selenious acid be evaporated to dryness, and the residue washed wdth water, small 
four-sided prisms of the monohydraie, 2 Cd 8 eiO 3 .H 2 SeO 3 .H 2 O, are formed. L. F. Nilson 
reported cadmium dihydro tetraselenite, 3 Cd 8 e 03 .H 28 e 03 , to be formed from a soln. 
of cadmium selenite in an excess of selenious acid. L, F. Nilson obtained prismatic 
crystals of cadmium psrroselenite, Cd 8 e 205 , by eligesting llK) parts of a soln. of 
Tiormal selenite witli 139-35 parts of selenium dioxide, and evaporating the liquid at 
b()° ; and B. Boutzoureauo, by heating in a sealed tube at 230°, cadmium hydro¬ 
selenite with three times its weight of winter. The rhombic ])rism 8 are insoluble in 
water, and soluble in acid.s. 

L. F. Nilson concluded that mercurous oxide has a great tendency to form basic 
salts with selenious acid; in circumstances where the normal salt would be 
expected, the basic salt Hg 20 : SeOg —3 : 2 is formed ; and when the hydroselenite 
w'ould be expected, the 4 : 3 salt was produced. It is therefore assumed that the 
selenious acid dissolves one part of the base leaving a basic salt as a residue, 
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while an acid salt passes into soln. In other words, the mercurous sclenites are 
very liable to hydrolyze. According to J. J. Berzelius, selenious acid or an alkali 
selenite gives a white precipitate with mercurous nitrate, and L. r. mlson 
represented the comi^osition of the juecipitate with selenic^ acid )y 
THgoO.bSeOo.GHgO, or Hg.O.bHg.SeOa-bHsO, mercurous oxyhexaselemte ; 
that precipitated by a mol of selenioiis acid per mol of mercurous nitrate by 
3Hgo0.2Se0o.4IL(), or Hg.0.2HgoSe0,.lH.0 -mercurous oxy^selemte^this 
is the tetrahijdrale, whereas he obtained tin* fcniahijilrate, Hg 20 . 21 Ig 2 ^jt- 03 .oH 2 U, 
with sodium selenite as precipitant; J^. Boiitzoureano said that if mercurous 
oxydiselenite and water or selenious acid be heated in a sealed tube, a mixture 
of yellow prisms of mercuric sidenite and acicular crystals of a mercurous salt 
is formed. L. F. Nilson observed that if a mol of mercurous nitrate be 
precipitated by 8 mols of selenious acid, the composition is represented by 
IIlggO.aSeO.^.GHsO, or Hg^O.ailgoSeO^ bILO -mercurous oxytriselenite is 
produced. J. J. Berzelius said that the white powder fuses into a dark brown 
liquid whicli becomes a lemon-yellow solid and nearly transparent when cold. 
Hydrocldoric acud converts it into mercurous chloride, and some of the selenious 
aeid is reduced to selenium. Potasli-Iye extracts all the selenious acid. It is not 
soIul)le in water or in selenious acid. F, Kohler said that normal mcrcUTOUS sclcuitc, 
Hg‘)Se 03 , rarely occuirs in nature ; and he olitamed it by treating inercuroiis nitrate 
])y sodium selenite. L. F. Nilson could not prepare the normal salt; E. Divers 
and T. Hhimidzu said tliat mercurous selenite is not decomposed by potassium 
selenite into mercury and mercuric selenite. Neither L. F. Nilson nor C. A. Cameron 
and E. W. ])avy were able to obtain 9furcuroUt^ //ydroseU'7utr, HgH 8 e 03 . F. Kohler 
found that if the normal selenite be heated below its m.p., dark red mcrcurous 
tetraselenite, 3 Hg20.4Se02, is formes! as a crystalline mass of sp. gr. 7-350 at 13-5'^. 
It is very litth* changed liy boiling nitric acid ; and it gives a sublimate of selenium 
dioxide when heated. L, F. Nilson found that if a mol of mercurous oxyhexa- 
sehmite is treated with 22 mols of selenious acid, mercUTOUS Clin.easel0iute» 
bHg^O.OSeOo.rihLO, is produced as a yellow crystalline powder. 

J. J. Berzelius dissolved mercuric oxide in selenious acid and obtained normal 
mercuric selenite, which L. F. Nilson, and B. Boutzoureano represented by 
lfgSe() 3 . J. J. Berzelius also prepared it by double decomposition. F. Kohler was 
unable to confirm .f. J. Berzelius’ observation that the normal selenite is produced 
by the action of selenious acid on either precipitated or ordinary mercuric oxide at 
either a high or a low temp. Instead, he obtained a yellow basic salt— mercuxic 
trioxsrtetraselenite, THgO.lSeOo, or 3 Hg 0 . 4 Hg 8 e 03 . On the other hand, L. F. Nil- 
son, in agreement with J. J. Berzelius, found that when precipitated mercuric oxide 
is treated with a soln. of selenious acid no change occurs, but if the liquid be evapo¬ 
rated at 100", tlie yellow colour gradually disaj^pears as the acid becomes more 
cone., and finally a white powder consisting of prismatic crystals is formed. These 
are washed with water, and dried between bibulous paper. A considerable excess 
of selenious acid was eiii])loyed ; but the mother-liquor contained no mercuric salt 
showing that the existence of a soluble hydroselenite is unlikely. B. Boutzoureano 
prepared normal mercuric selenite in yellow, rhombic plates, l)y boiling mercurous 
oxydiselenite with nitric acid. E. Divers and T. Shimidzu found that mercuric 
selenite is a little more soluble than mercuric sulphite in nitric acid ; that mercuric 
selenite, as well as mercuric oxide, is soluble in a soln. of potassium selenite, and the 
soln. gives no precipitate with potassium liydroxide. L. F. Nilson found that when 
a mol of the normal salt is digested with 1 to 3 mols of selenious acid, microscopic 
needles of mercuric dihydropentaselenite, 4 HgSe 03 .H 28 e() 3 . 2 H 20 , arc formed. 
B. F. Nilson could not prepare a more acid salt, but J. J. Berzelius reported 
mercuric hydroselenite to be formed wiien selenious acid is sat. with mercuric oxide, 
and the soln, from which the neutral salt has commenced to separate is evaporated. 
It forms prismatic crystals, longitudinally striated, containing a large proportion 
of water of crystallization. When heated, the salt fuses in its water of crystallization, 
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it then solidifies, and finally sublimes unchanged in composition. It is freely soluble in 
water, and slightly soluble in alcohol; the aq. soln. is not precipitated by ammonia ; 
it is slowly precipitated by alkali carbonate; and incompletely precipitated by 
alkali hydroxide. Sulphur dioxide precipitates mercurous selenite, which soon 
acquires a pink or scarlet colour owing to the presence of reduced selenuim, 

A. Kosenheim and M. Pritze evaj)orated a soln. of mercuric chloride with two mols of 
sodium selenate and obtained white crystals of sodium mercuric selenite, 
Na 2 Hg(Se 03 ) 3 , which are fairly stable in air. They are decomposed by water and 
alkali-lye with the separation of mercuric selenite. 

J. J. Berzelius assumed that the precipitate obtained by adding ])otas 8 iiim 
selenite to a neutral soln. of aluminium chloride, or alum, is normal aluminium 
selenite, Al 2 (Se 03 ) 3 .wH 20 ; J. S. Muspratt analyzed the product, ami apparently 
supported the assumption, for he stated that the white amorphous })()wder, dried 
over sulphuric acid, is the trihydraie, Al 2 (Se 03 ) 3 . 3 H 20 . Against this, L. F. Nilson 
showed that a basic salt —aluminium trioxyenneaselenite, 4 Al 203 . 9 Se() 2 . 361120 , or 
Al 203 . 3 Al 2 (Se 03 ) 3 . 36 H 20 —is produced when an excess of aluminium sulphate is 
treated with sodium selenite. The voluminous, white precipitate loses 16 mols. of 
water at 100 *^. The mother-liquor, in spite of the excess of aluminium sulphate, 
still retains much selenious acid. In order to prepare tlie normal selenite 
L. F. Nilson found it necessary to digest the basic salt with the necessary (piantity 
-—say 16*2 per cent.--of selenious acid for some time, when tlie kupiah yd rate, 
Al 2 (Se 03 ) 3 . 7 H 20 , is obtained as a white crystalline powder. B. Boiitzoureauo 
also obtained the salt in a somewhat similar way, and sliowed tliat the crystals 
are hexagonal prisms resembling quartz. L. F. Nilson found that tlie he[)taliydrate 
loses a mol. of water at 100^—B, Boutzoureano said that nearly 5 mols are lost. 
L. F. Nilson found that the salt is very sparingly soluble in water B. Boutzoureano 
said insoluble. The salt is soluble in acids. According to 3 j. F. Nilson, the analysis 
of J. S. Muspratt in sujiport of the tribydrate is “ little worthy of reliance ” ; but 

B. Boutzoureano obtained the trihydrate by heating the lieptahydratc wuth 8 to 10 
times its weight of selenium dioxide and 15 times its weight of w'ater in a sealed 
tube at 230*^', or by heating the heptahydrate with selenious acid. The octahedral 
crystals of the trihydrate lose about one-third of their water between 100 "^ and 
125°. The trihydrate is said to be insoluble in water, and solulile in acids, 
lb Boutzoureano obtained rhombic prisms of aluminium tetraselenite, 
Al 2 O 3 . 4 SeO 2 . 3 H 2 O, by heating the heptahydrated normal salt with 8 to 10 times 
its weight of selenium dioxide and the same weight of water in a sealed tube at 
250°. The salt is stable at 100 °. He represented the constitution of the normal 
tri- and hepta-hydrates of the normal selenite, and of the tetraselenite as follows : 


OH 

^ .. .0—Al- O—HSeOj 
< O—Al—O—HSeO J 
OH 


+ 6 H 2 O 


OH 

02 -Ai- 0 -HSe 03 , ^ ^ 

< o - A1 —O—H SeOg ^ 

OH 


Ala(Sc03)3.7H20 Al2(Se03)3.3H2( > 

OH 

HSeOg—O—A1 ~0—HScOg 
HS 0 O 3 —O—A1 —0—HSeOg 

ok 

Ai2Os.4seO2.3H2O 


L. F. Nilson reported aluminium hemienneaselenite, 2 Al 205 . 9 Se 02 . 12 H 20 , to be 
formed when the basic salt is treated with 81-02 per cent, of its weight of selenious 
acid— i.e. the amount which would be required to form the hydroselenite. No 
action occurred at ordinary temp., but when warmed, and evaporated, a gummy 
mass was formed which, on adding cold water, yielded the crystalline salt. 
J. J. Berzelius said that aluminium hydroselenite is formed, as a gummy mass, 
when the normal salt is dissolved in selenious acid ; and L. F. Nilson obtained the 
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womhijihaiv, Al 2 O 3 . 68 cO 2 . 5 H 2 O, ix. Al(H 8 e 03 ) 3 .H 20 , from a Roln. of the basic 
salt ill 210*64 per cent, of its weight of selenious acid. B. Boutzoureano heated a 
mixture of one part of the hydrated normal salt, 10 ])arts of selenium dioxide, 
and 7 to 8 parts of water at ISO"" 150^\ The white }K)wder consists of moiioclinic 
plates of alununium hexaselenite, A]_>() 3 . 6 Se 02 2 H 2 O : 

SeO -O M -(O.HvSoOJ^ 

' 0 -Al (O.HSe03), 

L. F, Nilson observed that in its behaviour towards selcnious acid, indium 
resembles alununium, chromium, cerium, lanthanum, and didyraium. He o}>tained 
indium bydroxyselenite, 1112 ( 8003 ) 3 . 2 Jn( 0 H) 3 . 22 H 20 , as an amorphous, slimy 
precipitate, on adding sodium selenite to a neutral soln. of indium chloride. It 
loses 19 mols. of water at KK)"'; and when' digested with selenious acid at .60"*, 
but not completely evaporated, it furnishes acicular prisms of indium selenit69 
In 2 ( 8 e 03 ) 3 . 6 H 20 . It loses 4*6 mols. of water at lOO"’. If the liquid be evaporated 
to dryness, and the residue treated with water, acid salts are formed. W)ien a 
mixture of the basic salt with 65 }>er cent, of selenious acid is evaporated to dryness 
at about 60°, and the residue waslied with water, indium hexahsTdroonneaselenite, 
21 n 2 ( 8 e 03 ) 3 . 3 H 28 e 03 . 12 H 20 , or 1112 ( 8003 ) 3 . 2111 ( 148003 ) 3 . 12 H 2 O, remains in granular 
crystals, it loses its water of crystallization at 100 °. If the basic salt be digested 
with 169*91 per cent, of selenious acid ; the soln. evaporated to dryness at 60° ; 
and the residue extracted with water, there remains a crystalline powder of indium 
hydroselenite, 1112 ( 8603 ) 3 . 31128603 . 44120 , or Jn(HSe 03 ) 3 . 2 H 20 . 

L. Marino prepared thallic selenite, Tl 2 ( 8 e 03 ) 3 , by boiling a freshly prejiared 
soln. of thallic hydroxide with an excess of selenious acid. The white, crystalline 
mass is insoluble in water, but soluble in dil. nitric acid ; it is decomposed by 
hydrochloric and sulphuric acids ; and furnishes thallio oxide when treated with 
alkali-lye. F. Kuhlmanu obtained normal thallous selenite, Tl 28 e 03 , by oxidizing 
thallous sclcnide with nitric acid, or from a sat. soln. of thallous carbonate in 
selenious acid. The mica-like crystals melt when heated. The salt is freely 
soluble in water, but insoluble in alcohol and ether. A soln. of the normal salt 
in selenious acid deposits crystals of thallous hydroselenite, TlH 8 e 03 ; which are 
also obtained by adding alcohol to the soln. They are freely soluble in water. 
F. Franke gave for the electrical conductivity of a soln. of an eq. of the normal salt 
in V litres of water at 25° : 

V . .32 64 128 250 512 1024 

A . . 77-94 8<H):i 99-55 108-1 116-0 122-7 

J. J. Berzelius ^ obtained a white, insoluble powder by double deconijiosition, 
and L, F. Nilson showed that the precipitate obtained with a soln. of cerous sulphate 
and an excess of sodium selenite as a basic salt— <$er0US OXypentaseleuite, 
06 . 20 ( 8603 ) 2 . 062 ( 8003 ) 3 . 301120 . When a mol of this salt is digested with a warm 
soln. of a mol of selenious acid, white, insoluble, amorphous cetOUS selenite, 
062 ( 8603 ) 3 . 121120 , is formed. 8 . Jolin also obtained the amorphous salt with 3 mols. 
of water by adding selenious acid to a soln. of cerous acetate ; it lost half its water at 
100°. J. J. Berzelius obtained a soln. of the normal salt in selenious acid and 
inferred that it contained the acid salt, R. L. Eapil pref>ared anhydrous cerium 
selenite, as an insohible, yellow powder, by passing the vapour of selenium dioxide 
over the heated- oxide, or by heating a mixture of the oxides in a sealed tube. 
L. F. Nilson obtained cerous dihydrotetraselenite, Ce 2 (Se 0 s) 3 .H 28 e 03 , 5 H 20 , as a 
micxocrystalline powder, by treating a mol of the basic salt with 7 mols. of selenious 
acid. 8 . Jolin obtained a similar product, with 4 mols. of water of crystallization, by 
treating the normal salt with selenious acid. If the liasic salt he treated with 19 mols. 
of selenious aci<l, at a moderate Jieat, L. F. Nilson obtained 06rous hydrOSfOlphite, 
Ce(H 8 e 03 ) 3 . 1 l 2 D, in oblique, four-sided, microscopic lamina). J. J. Berzelius 
obtained ceric selenite as a lemon-yellow powder by double decoinj^osition; and 
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G. A. Biirhiori and F. Falzolari, ceiic selenite, Ce^SeO^)^., l>y heating 10 grins, of 
liexahydrated ceric nitrate, with 12 grins, of selenioiis acid, and 2(X) c.c. of nitric 
acid of H}). gr. 1‘4(), under a reflux condenser for some hours. The orunge-yellow 
])Owder is insoluble in water, but slightly soluble in cone nitric acid J J. Berzelius 
said that a 'soln, of the yell()\s salt in selenious acid dries to a soluble, yellow, sticky 
mass on evaporation. 

B. L. Espil jirepared colourless, anhydrous lanthanum selenite, by 

jiassing the vapour of selenium dioxide over the heated oxide, or by heating the 
mixed oxides in a sealed tube. L. F. Nilson obtained the basic salt —la nth a n um 
hydroxytetraselenite, SLa^O^ 8 Se 02 . 28 H 20 , or Tja 2 (Sc 03 ) 3 .La( 0 H)SeC)c^.l 3 H 20 -~‘as 
a white, insoluble, amorphous precipitate, by adding an excess of soclium selenite 
to a sohi. of lanthanum sulphate. By using a considerable excess of sodium 
selenite, he obtained very nearly lanthwum selenite, La 2 (Se 03 ) 3 . 13 H 20 . If the 
basic salt is treated with 40 per cent of its weight of selenious acid at ordinary 
temp., there is formed a white, powdery lanthanum tetrahydropentaselenite, 
La 2 (Be() 3 ) 3 . 2 fl 2 Be 03 . 4 H 20 , consisting of fonr-sided, oblique tablets. If the normal 
selenite be dissolved in 120 per cent of its weight of selenious acid, the soln. 
evaporated at a gentle heat, and the residue washed with water, there remains 
lanthanum hydroselenite, La 2 (^e 03 ) 3 . 3 H 2 Se 03 . 4 H 20 , or the dehydrate, 
J.a(HSe 03 ) 3 . 2 Il 20 , as an insoluble powder consisting of four-sided prisms. Again, 
if lanthanum hydroxide bo dissolved in selenious acid, a heavy, white, crystalline 
powder of the monohydrate, La(HSe 03 ) 3 .H 20 , is formed. B. T. Cleve obtained 
the same salt by adding alcohol to a mixture of lanthanum chloride and selenious 
acid. It loses three-fifths of its total water at l()(r. 

R. L. Esyiil prcj)ared colourless, anhydrous praseodymium selenite, 1 ^ 3 ( 8603 ) 3 , 
l)y the method used for the cerium salt, and similarly rose colourcd anhydrous 
neodymium selenite, Nd 2 (Se 03 ) 3 . L. F. Ndson mixed a soln. of didymiurn sulphate 
with an excess of sodium selenite and obtained an amorphous white precipitate 
with a slight rose tint. Its composition corresponded with didymiurn oxyocto- 
selenite, 2 [)i 2 ( 8 e 03 ) 3 . 1 )i 20 (Se 03 ) 2 . 28 H 20 . P. T. Cleve also obtained this salt with 
21 mols. of water, B. F. Nilson found that when the basic salt was treated with 
selenious acid, it furnished a micro-crystalline powder of didymiurn dihydrotetra- 
selenite, 1 ) 12 ( 8603 ) 3 . 1128603 . 8 H 2 O, in four-sided prisms. P. T. (love obtained 
this salt, with 4 mols. of water of crystallization, by adding selenious acid and then 
alcohol to a soln. of didymiurn nitrate. L. F. Nilson dissolved tlio basic salt at a 
gentle heat, with 128-5 per cent, of its weight of selenious acid, and obtained, on 
evaporation, a lilac-coloured powder of didymiurn hexahydroenneaselenite, 
2 Di 2 ( 8 e 03 ) 3 . 3 H 2 Se 03 . 18 H 20 , containing four-sided prisms. i\ von Scheele said 
that a basic praesodymium selenite is precipitated by sodirm selenite from a soln. 
of praseodymium sulphate; and the basic salt is converted into praseodymium 
dihydrotetraselenite, Pr 2 ( 8 e 03 ) 3 .H 28 e 03 . 3 H 20 , when warmed with selenious acid. 
R. L. Espil prepared colourless, anhydrous samarium selenite, 8102(8003)3, by the 
method used for the cerium salt, P. T. Cleve obtained the basic salt, samarium 
oxyoctoselenite, 2 Sra 2 ( 8 e 03 ) 8 .Sin 20 (Se 03 ) 2 . 7 H 20 , as an amorphous precijhtate, by 
adding normal sodium selenite to a soln. of samarium sulphate ; if samarium 
acetate be treated with selenious acid, samarium dihydrotetraselenite, 
8 m 2 (Se 03 ) 3 .H 2 Se 03 . 4 H 20 , is formed as a heavy, crystalline powder. (J. Benedicks 
obtained gadolinium dihydrotetraselenite, 6 d 2 (Se 03 ) 3 .H 28 e 03 .r)H 20 , as an amor¬ 
phous precipitate which gradually forms aggregates of small needles. L. F. Nilson 
added an excess of sodium selenite to a soln. of erbium nitrate, acidified with nitric 
acid, and obtained a heavy precipitate of erbium selenite, Er2(8e()3)3.5H20. In 
addition to the feritahydrate, L. F. Nilson obtained the enneahydrate by using a soln. 
of the neutral sulphate imstead of the acidified nitrate. If a mol of the neutral salt be 
digested with 3 to 9 mols of selenious acid, at 60”, the soln. evajiorated to dryness, 
and washiMl with water, there remains a micro-crystallinc powder of erbium 
dihydrotetraselenite, Er 2 { 8 e 03 ) 3 .H 2 Se 03 . 3 H 20 , composed of small prisms. 
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O. M. Hoglund and P. T. Cleve also obtained tliis salt by the action of selenioiis 
iK’id on a soln. of erbium nitrate, with or without the addition of ammonia until a 
precipitate began to be formed. L. F. Nilson added an excess of sodium selenite to 
a soln. of 3 rt,trium sulphate, and obtained a white, heavy precipitate of yttnum 
selenite, It is nearly insoluble in water; and it is not affected 

by (lil. selenious acid, cold or hot, but with 1-2-91 per cent, of its weight of the cone, 
acid, at b(C, converts it into yttrium dihydrotetraselenite, ¥ 2 (^ 003 ) 3 .U 2 ^>e 03 .H 20 , 
which remains as a micro-crystalline, insoluble powder when the soln. is evaporated 
to dryness, and washed with water. The same salt was obtained by treating the 
neutral salt with 128-73 per cent, of its weight of selenious acid, and a more acid salt 
could not be prepared. P. T. Cleve obtained the dihydrotetraselenite from a soln. 
of freshly ])recipitated yttrium hydrovide in selenious acid ; and by j)recipitating 
a soln. of yttrium nitrate witli acad s(»djiim selenite. 

IT Rrcnek treated a-titanic acid corresf)onding with 12-94 grins, of Ti 02 , with 
aq. soln. containing respectively 20-39 grms. and 10*43 grms. of selenious acid for a 
few hours. The precipitates which formed were boiled in their mother-liquid ; and 
after standing a long time in the cold they became crystalline. In the former case 
titanyl selenite, Ti 0 Se 03 .H 20 , was formed, and in the latter case the oxyselenite, 
2 TiO 2 .SeO 2 .lI 2 O, or titauyf dihydroxyselenite, (TiO) 2 ( 110 ) 28003 . The dry salts 
appear as hne, white powders which are soluble in mineral acids ; and are decom- 
j)Osed by alkali-lye. They are more soluble in water than the corresponding 
selenates. According to J. d. Berzelius, and L. F. Nilson, if a soln. of zirconium 
oxychloride be treated with sodium selenite, a complex Zr 02 . 3 (ZrO)Se 03 . 18 H 20 is 
formed as a white, slimy, amorpljous mass, not at ail soluble in water, and dissolving 
in hydrochloric acid only wdth difficulty. It loses 15 mols. of water at 180"". 
O. Kulka made it by the action of zirconium sulphate on a soln. of selenium dioxide 
in nitric acid. M. Weibull said that the air-dried precipitate lias the composition 
of 2drconyl selenite, (Zr()) 8 e 03 . 2 H 20 . L. F. Nilson reported normal zirconium 
selenite, Zr(Se 03 ) 2 , is formed by digesting a mol of the basic salt with J3 mols of 
selenious acid at 60^. It furnishes microscopic, oblique, four-sided prisms, which 
at a white-heat yields crystalline zirconia. The monohydraie, Zr(Se 03 ) 2 .H 20 , is 
formed in microscopic, four-sided prisms with oblique ends, when a mol of the basic 
salt is treated with 5 mols of selenious acid afc 60^. It is insoluble in water, and 
dissolved only with the greatest difficulty in boiling hydrochloric acid. An acid 
zirconium selenite could not be prepared, 

R. L. Espil said that tliorium oxide is unchanged when boiled with selenious 
acid, whereas cerium oxide forms a selenite. P. T. Cleve reported thorium selenite, 
Th( 8 e() 3 ) 2 .H 20 , to bo formed as a white, amorphous, insoluble precipitate when 
thorium chloride is treated with selenious acid, and the washed product dried 
over sulphui’ic acid. In addition to this monohydrate, L. F. Nilson obtained the 
octohydrate, Th(Se 03 ) 2 . 8 H 20 , by treating a soln. of thorium sulphate with an excess 
of sodium selenite. The voluminous, white precipitate sIjows signs of 
crystallization. It is insoluble in water, soluble in hydrochloric acid. These 
acid salts were made by L. F. Nilson: thorium hezahydroheptaselenite, 
2 Tli(Se 03 ) 2 . 3 H 2 Se 03 . 13 H 20 , by digesting a mol of the octohydrated selenite with 
a warm soln. of 2 rnols of selenious acid at a gentle heat; thorium deoahydroennea"> 
selenite, 2 Th(Se 03 ) 2 . 5 H 2 Se 03 . 1 ]H 20 , by evaporating 100 jiarts of the octohydrated 
selenite with 35*12 parts of selenious acid; and if three times this proportion of 
selenious acid is employed, thorium hexahydropentaselenite, Th(Se 03 ) 2 . 3 H 28 e 03 . 
5 H 2 O, is formed. 

J. J. Berzelius ® obtained a white powder by treating stannic oxide with selenious 
acid, and J. 8 . MuspratPs analysis corresponds with stannic selenite, Sn(Se 03 ) 2 . 
L. F. Nilson obtained it by evaporating a soln. of a mol of the basic salt in 4 mols 
of selenious acid at about 60*. The crystalline residue is insoluble in 
water, but it is soluble in an excess of warm hydrochloric acid. If a neutral 
soln. of stannic chloride be treated with sodium selenite, the voluminous, 
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white preci])itate lui8 a coiapositiou corresponding witli stAimic octohydroxyhexa- 
selenite, 3 Sn(Se03).^/2KSii02.27H2(), or 3Sn(S(i03)2.2Su(0H)4.23H20; it loses 23 
mols. of water at 100'^. A soln. of this basic salt in a large excess of selenions 
acid yields on cva])()ration a viscid mass so stannic hi/droselenitc could not b(3 
prepared. 

J. J. Berzelius obtained a basic lead selenite by roasting lead selenide ; and by 
calcining normal lead selenite at a high temp.; or by treating it with ammonium 
carbonate. C. M. Kersten reported normal lead seleiiite» PbBe 03 , to occur as a 
mineral in sulphur-yellow spherical grains or botryoidal masses, with a fibrous 
fracture either alone or mixed with lead and antimony selenide, malachite, etc., 
in the Friedriclisglu(‘k mine, near Hildburghausen, Thiiringerwald. J. I). Dana 
called tlie mineral hersienitc — cf, cobalt arsenide. The data do not distinguisli 
whether the mineral is a selenite or selenat<3 (</.^^*)* Bertrand also obtained a 
white mineral occurring along with chalcomenite and other selenides at Cacheuta, 
Mendoza, Argentine, which lie described as sclemtc de plonihy and named molyb- 
domenite - from lead, and moon. Here again the data are not 

satisfactory. J. J. Berzelius made the normal selenite, as a wliite ])owder, by 
adding selenions acid or an alkali selenite to a soln. of lead chloride or nitrate. An 
excess of ammonium selenite added to a soln. of lead chloride gives a good result ; 
with the nitrate the jiroduct is contaminated witli nitrate. A. hchafarik obtained 
it as a grey, crystalline mass, by fusing the selenate; and L. Marino obtained it, 
mixed with a little selenate, by treating lead dioxide with selenious acid. 
E. Bertrand said that molybdomenitc occurs in white, transparent or translucent, 
lustrous, thin, fragile scales belonging to the rhombic system. The crystals show 
cleavage in two directions ; and they are optically positive. J. J. Berzelius found 
that the nonrial selenite melts nearly at the m.p. of lead chloride, fornung a yellow 
liquid which, on cooling, solidities to a w'hite, o})aque mass of crystalline fracture ; 
at a ))right red-heat, it gives oil selenium dioxide, leaving boliind a basic salt. Jt 
is very sparingly soluble in water even in the presence of selenious acid; it is 
decoiTi})osed with difficulty by boiling sulphuric acid. 

According to L. Marino, when lead dioxide is treated with selenious acid, besides 
normal lead selenite there is also formed a sulpliur-yellow, crystalline powder, 
with the empirical composition Pb 2 Be 307 , and which he regards as a salt of lead 
sesquioxidc, L*h203.28e03. If lead sesquioxide })e regarded as lead plumbate, 
Pb[Pb 03 |, lead triselenitoplumbate would be Pb[Pb{Se 03 ) 3 ], and lead OxydiselenitO- 
plumbate, PbfiU) 0 (Se 03 ) 2 j. L, Marino obtained the same product by digesting 
lead sesquioxide with warm, cone, selenious acid, heating the mixture to its boiling 
point, filtering, digesting the solid with cold, 7 per cent, nitric acid, and washing. 
Only a trace of selenate results showing that lead dioxide is not formed as au 
intermediate i)roduct. The yellow, crystalline powder is practically insoluble in 
water, dil. nitric acid, and dil, sulphuric acid ; it is soluble in moderately cone, 
hydrochloric acid with the evolution of chlorine ; it is soluble in alkab-lye ; and it 
liberates iodine from acetic acid soln. of })otassium iodide. When this salt is 
treated with a soln. of potassium carbonate, it yields a mol. each of lead monoxide 
and dioxide, whilst the addition of dil. nitric acid to a soln. of the salt in 15 per cent, 
soda-lye precipitates lead sesquioxide: Pb2Se207“Pb203-l“28e02. When the 

yellow salt is heated to 200°, it gradually changes into a white isomeride which 
exhibits reactions different from those obtained with the yellow form. For instance, 
it does not yield lead dioxide when boiled with a soln. of an alkali carbonate. Wlien 
heated with dil. sulphuric acid and potassium permanganate at 40°--50°, the white 
salt takes up one atom of oxygen per mob, while the yellow salt is stable, but after 
a prolonged heating at 80°, it takes up 2 atoms of oxygen per mol. The yellow 
form is completely decomposed into selenium and lead sulphide by hydrogen 
sulphide ; the white form in acetic acid yields a soln. of selenic acid while part of 
the selenium is precipitated as such. Oxalic acid quickly oxidizes the yellow 
form to carbon dioxide, but not so readily as with tlie white form. It is thence 
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assumed that the two forms are differently constituted, and have tlie graphic 
formulae : 


. Pb.O.SeOa 

^"^Pb.O.SeOa 
Yellow PbaSe^O; 


Pb.O.SeO 

^"^Pb.O.SeOa 


>0 


W'hite Pb 2 Se 207 


W. Mutlimann and A. Clever ^ ])re])ared Bodiiini selenoarsenite, Na3A8Se3.9H20, 
together with other salts, when arsenic pentaselenide is boiled with a soln, of 
selenium in sodium hydroxide ; on cone, the filtered soln. in vacuo, a mixture of 
white needles and orange-red tetrahedra is obtained. On separating these by 
levigation, a small quantity of the tetrahedra is obtained. It is unstable on 
(‘X})osure to air, becoming coated with grey selenium ; it is easily soluble in water, 
and the brown soln. when treated with dil. acids gives a brownish-red precipitate 
with the evolution of hj^drogen selenite. According to L. F. Nikon, antimony 
0 X 3 rselenite» Sb203.28e02.^H20, or (Sb 0 )Sb(Se 03 ) 2 , or Sb 20 (Se 03 ) 2 .iH 20 , i.e. 
SeOs: Sb.O.Sb : SeOa, is produced as a white, crystalline powder consisting of 
well-developed, oblique, four-sided tablets, by treating precipitated antimony 
trioxide with cone, selenious acid. It loses its water of crystallization at 100^. 
By digesting a mol of this salt with 4 to 10 mols of selenious acid, evaporating the 
soln. at about 00°, and washing the residue with water, there remained a white, 
crystalline j)owder eonsistiiig (jf microscopic [irisms and plates of antimony tetra* 
selenite, Sb 203 , 4 Se() 2 . I. Pouget ]>repared potassium orthoselenoantimonite, 
K 3 SbSe 3 , ill the form of orange crystals, by evaporating a soln. of antimony selenide 
and potassium selenide in a current of hydrogen ; the salt is very unstable, and 
its soln. rapidly deposits selenium. Similarly witli sodium orthoselenoantimonite, 
Na3SbSe3.9H20, which crystallizes in yellow needles from a soln. of antimony 
selenide and sodium selenide ; it is even more oxidizable than its potassium analogue, 
and its soln. deposits red, tetrahedric crystals of sodium selenoantimonate, 
Na3SbSe4-l“9n20. When a hot, sat. soln. of potassium and antimony selenides is 
cooled, potassium selenotetrantimonite, K2Sb4Se7.3H20, separates as a gelatinous, 
brown precipitate; and similarly with sc^um selenotetrantimonite, Na2Sb4Se7. 
L. F. Nikon found that when basic bismuth carbonate is boiled with selenious acid, 
bismuth selenite, Bi 2 (Se 03 ) 2 , is formed in small, microscopic needles. If bismuth 
hydroxide be treated with an excess of cone, selenious acid, bismuth dihydrotetra* 
selenite, Bi 2 H 2 (Se 03 ) 4 , is formed in prismatic crystals, generally united in leaf-like 
aggregates. No Iiigher acid salt could be obtained. 

W. Prandtl and h. Lustig ® found that when vanadium pentoxide is boiled 
with selenious acid in aq. soln,, on cooling, selenitovanadic add, 3 V 2 O 3 . 4 SeO 2 . 4 H 2 O, 
separates as a yellowish-red, crystalline, doubly refracting powder which consists of 
small golden leaflets of the hexahydrate, ( 3 V 205 . 4 Se 02 . 4 H 20 ). 6 H 20 , if it is deposited 
from a soln. containing an excess of selenious acid or if evaporated with hydro¬ 
chloric acid ; the debahydrale, ( 3 V 205 . 4 Se 02 . 4 H 20 ). 10 H 20 , if prepared from equal 
weights of vanadium pentoxide and selenium dioxide; and the dihydraU, 
( 3 V 205 . 4 Se 02 . 4 H^ 0 ) 2 H 20 , if obtained from aq. soln. of an alkali selenite aci(iifl.ed 
with dil.^ sulj)huric acid. The water of crystallization is lost at 100'". Two series 
of selemtovanadatos were obtained: (i) The red salts are produced by boiling 
equal weights of vanadium pentoxide and selenium dioxide in water, adding enough 
alkali hydroxide to form a clear, slightly alkaline soln., and aciifying with acetic 
acid, (ii) The yellow salts an* formed in a similar manner but employing one 
part by weight of vanadium pentoxide and ten parts of selenium dioxide, 
(iii) Orange-coloured salts were obtained by the action of an excess of selenious 
acid on the alkali vanadates at a high temp., and subsequent evaporation. The 
ratio 8 - 2 ® • ^ 2^5 these salts is generally simple. The selenium dioxide nickb 
mhrfest gebunden ist, so that when boiled with water, the alkali salts are resolved 
into trivanadate and alkali selenite. Hence these products are to be regarded as 
compounds of the vanadates with variable quantities of selenious acid. W. Prandtl 
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and M. Humbert regarded the .selenitovauadate.s an derivatives of hoxavana<lie 
acid, and they can be formulated in terms of the eo-ordiuatioii theory. The mol. of 
hexavanadate can unite with up to 12 mols. of selenious acid. The compound 
3V2O5.4SeO2.4H2O is represented as tetraselenitohexavanadic acid, H4V(Oj7. 
41108003, and it forms a tetrahydrate, and an ortohydrale. These compounds lose 
respectiv^ely 2, G, ;ni<l 10 mols. of water at 100 , forming d\^05 lILSeO, 

Tlie following salts were obtained by W. lhaiidtl *ind co-'s\orlvers , potassium 

selenitometavanadate, KoO.N 205.2800., or 


as a yellow crystalline powder; ammonium selenitometavanadate, (NH4)20.\ .>0-,. 
28e02, small, yellow, doubly refracting needles with parallel extinction and tlu* 
same salt as a tritakydrnte , W. Prandtl and co-workers found that tetras(‘lenito- 
hexavanadic acid forms salts when a soln of alkali vanadate is treated with an excess 
of a 20 to 25 [»er cent. soln. of selenious acid. In this way are obtained, orange 
prisms of sodium decahydrotetraselenitohexavanadate, Na^H^V^fiOiy-HloSeO^; a 
bulky precipitate of the hexahydrate ; and dark red prisms of SOdium hexahydrotetra- 
Selenitohexavanadate, Na2H2V2Oj7.48eO2.2H2O ; a bulky orange jrrecipitate of 
potassium hydrotetraselenitohexavanadate, k3HV6()j7.4SeU2> of potas^nun 
dillydroie(ras(ir7utohexavanadate, K2H2V''60j7.4SeO2 ; or of yolas.siiDn pentahydio- 
tetraselenitohexavanadate, K3HV6OJ7 48e02.2ll20 ; or of po{((sstunb henihydroietra- 
selenitohexavanadate, K2H2V60i7.4Se()2.2H20; or of potassium decahydrotetra- 
selenitohcxava^iadatc, K2H2V60j7.4H28eO3. They also olitained a y<‘IIow l)ulky 
precifiitate of ammonium trihydrotetraselenitobexavanadate, (N 11 j)^!! V50 1 7. 
4800..HoO; an orange prei-ipitate of ammonium dihydrotetraselenitohexa- 
vanadate, (NIl4).H2V^Oj 7 . 48 e( >2; lithium decahydropentaselenitododecavana- 
date, 2Li4V(^0i7.5H28e03.24H20, or 2(2Li20.3V205}.5Se()2.29H20, is a led 
salt very soluble iu water and it loses 22H2O in vacuo over sulphuric acid, and 
261120 at 100^'; sodium decahydropentaselenitododecavanadate, 2Na4V(iOj7. 
5H28e03.2011.0, or 2{2Na20.3V205}.58e02.25H20; potassium decahydropenta- 
selenitododecavanadate, 2K4VeOj7.5H28eO3.8H2O, or 2{2K20.3V^2^^5}’'>^tj02. 
ISH.O, forms sj)herical aggregates of red crystals, or, when air-dned, it gives a red 
powder consisting of doubly refracting needles; potassium icosihydrodecaselenito- 
hexavanadate, KiV6Oj7.lOH2SeO3.8H2O, or else 2{2K20.3V2()5}.2lSe0..37H.O, is 
an orange-yellow pre( ipitate; ammonium pentahydrododecaselenitohexava- 
nadate, (NH4)3HV60i7.l2Se02,2H20; ammonium enneahydrododecaselenito- 
hexavan^ate, (NH4)3HV60i7.]28e02.4H20; and potassium enneahydrododeea- 
selenitohexavanadate, K3HV6Oj7.i2SeO2.4H2O, or 2{2K20.3V203}.248e02.8H20, 
or 2K20.3V203.r28e0..4H20, is also orange-yellow; ammonium decahydropente* 
selenitododecavanadate, 2(NH4)4V60i7.5H2Se03.8H20, or 2(2(NH4l20 3V2O5}. 
5Se02.13H20, crystallizes in large, gli.stening, dark red, almost ojiaque, doubly 
refracting cubes, which are slightly soluble in water, and are decomposed 
by boiling water; ammonium silver decahydropentaselenitododecavanadate, 
(2NH4Ag.NH303)4V60i7.5H2Se03, or with 8,12, or I8H2O, or 2{2(NH4,Ag).0.3¥205^ 
5Se02, with I2H2O, I6H2O, or 22H2O, is obtained in long,flat, rectangular, glistening, 
black crystals, by the interaction of silver nitrate and an excess of the red 
ammonium salt, potassium hemicosihydrodecaselenitohexavanadate, K3HV6OJ7. 
10H28eO3.14H2O, or 3K2O.5V2O5.16SeO2.40H2O, as an orange powder; potas¬ 
sium heptadecahydroctoselenitohexavanadate, K3HV6O17.8H28eO3.4H2O, or 
5{K20,2V205}.26Se02.43H20, as an orange-yellow crystalline ])recipitate ; so^um 
decaselenitotetradecavana^te, 2Na2O.7V2O6.10SeO2.13H2O, as an orange- 
yellow flocculent j)recipitate; sodiom dodecahydropenta^enitohexavanadate, 
Na2H2V60i7.5H28e03, with 12 and 32 H 2 O, or 2Na20.7V205.128e02, with 45H2() 
and 95H2O, as orange-coloured separation. A. Rosenheim and L. Krause showed 
that in ]>rej)Hring tetraselenitovavadie acid as the cone, of selenious in the mothc’’- 
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liquor increased from zero to 5 Y-H 2 »SeO j, the ratio SeO^ V 2 O 5 in the solid 
})hase increased from 4:3 to 5*5 : 3 ; and likewise also witli the ammonium 
dodecaselenitovanadate. It is therefore concluded that the variable composition 
of the selenitovanadic cojnpounds is due to tlu' formation of adsorption com- 
])Ounds, 

L. F. Nilson » addcal normal sodium selenite to an aq. soln. of chrome alum and 
obtained a green, amorj)hous, voluminous precipitate of 4 Cr 203 . 9 Se 02 . 64 IL 0 , i.v. 
chromium toiosyenneaselenite, CV 2 O 2 . 300 ( 8603 ) 3 . 64 H 2 O, which lost 40 mols. of 
water at 100°. B. Boutzoureano heated the normal selenite with water in a sealed 
tube but obtained no basic salt; the product was a mixture of oxide and selenite. 
J. S. Muspratt added a soln. of potassium or ammonium selenite to a boiling soln. 
of chromic chloride, and detained a green, amorphous ])owder of normal chromium 
selenite, (> 2 ( 8603 ) 3 , soluble in sclcnious acid, and the soln., on evaporation, furnished 
a sticky mass. C. Taquet also observed that the product is very sparingly soluble 
in water, but soluble in hot, cone, hydrochloric acid. It is decomposed at a red- 
lieat into chromic oxide and selenium dioxide. L. F. Nilson said that if a mol of 
the normal selenite is treated with 3 mols of selenious acid, at ordinary temp., it 
forms microscopic crystals of the pentademhydrate, (> 2 ( 8603 ) 3 . 151120 ; and 
B. Boutzoureano obtained rhombic crystals of the iriliydrafe, (> 2 ( 8 e 03 ) 3 . 3 H 20 , by 
heating the normal salt with selenious acid. C. Taquet said that if the normal 
selenite be treated with nitric acid, dark green plates of the chromium diselenite ar(‘ 
formed— sparingly soluble in water, easily soluble in acids, and decomposed by heat 
into selenium dioxide and the normal selenite ; but B. Boutzoureano could not 
obtain the diselenite. ]j. F. Nilson reported chromium dihydrotetrasclenite, 
(> 203 , 48002 . 13112 ^, or (\ 2 ( 8 e 03 ) 3 .U 28 e 03 . 12 H 2 (b to be formed as a green, crystal¬ 
line powder ]>y treating a mol of the normal s(4enite witli 15 mols of selenious acid 
Tlve mixture vas evajiorated to dryness at 60°, and lixiviated with water. Jf 
64 mols of selenious acid be em])loyed, chromium tetrahydropentaselcnite, 
(>,> 03 .r) 8 e 02 . 9 Il 20 , or rr 2 ( 8 e 03 ) 3 . 2 H 2 Se() 3 . 7 H 20 , is formed. 

K. Feclianl found that if liarium selenitomolybdate is decomposed with 
sulphuric acid, a yellow soln, of seleuitomolybdic acid is formed. It can be 
evaporated to a syruj», but it does not crystallize. A warm soln. of 4 parts of 
ordinary ammonium molybdate and one of selenious acid, when cooled, furnishes 
aggregates of needles of ammouium triseleuitodecamolybdate, 4 (NH 4 ) 20 . 10 Mc> 03 . 
3Se02.4H20. 4\)ien heated, it gives off water, ammonia, and selenium dioxide. 
It is more soluble in hot than in cold water ; and it is insoluble in alcohol. Hydro¬ 
chloric acid precipitates an acid salt as a gelatinous preeijutate which dissolves 
with decomposition in an excess of the acid. A soln. of 8 parts of ammonium 
molybdate to one of selenious acid furnishes ammonium diselenitodecamoIybdate» 
4(NIl4)2O.10MoO3.28eO2.6H2O. E, Pochard also prepared potassium triselenito- 
decamolybdate, 4K2O.10Mo()3.38e()2.5H2O, in colourless hexagonal plates ; and 
potassiimi ammonium triselenitodecamolybdate,4(NH4,K)20.10Mo03.3Se02.5H20, 
by adding a soln. of potavssium cliloride to the ammonium salt, or from a mixed 
soln. of the component salts. Mixed soln. of acid sodium molybdate and selenious 
acid furnish efflorescent crystals of sodium trisdenitodecamolybdate, 4 Na 2 (). 
]BMo03.38e02.15H20. The crystals effloresce in air; they are freely soluble in 
water, and insoluble in alcohol, if a hot soln. of one of the preceding salts be 
treated with barium chloride, needles of barium triselenitodecamolybdate, 
4 BaO.lOMoO 3 . 38 eO 2 . 3 H 2 O, separate out on cooling; mercUTOUS triselonitodoca- 
molybdate is a yellow, amorphous powder; lead triselenitodecamolybdate is white, 
and insoluble even in hot water; and silver triselenitodecamolybdate is a yellow, 
amorphous }>owdf*r. 0. W. Oibbs reported potassium hexaselenitoheptadeca- 
molybdate, 5K20.17Mo03.6be02, to be formed as colourless crystals when potas¬ 
sium phosphomolybdate is treated with potassium selenite. The salt is easily 
soluble in hot water. 

According to W. Prandtl and W. von Blochin, ammonium diselenitopenta- 
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molybdate, 2(NH4)2() .2Se0.2*5M<)03.3H20, is formed iu small rhomhic prisms when 
cone, ammoniaea! molybdate soln. and ammonium selenite are aciditied, and 
rapidly crystallized. It is readily soluble in water. While lithium diselenitopenta- 
molybdate, and sodium diselenitopentamolybdate are too soluble to be isolated, 
potassium diselenitopentamolybdate, 2K20.2Se02.5Mo03.?di20, furnishes mono- 
clinic crystals of the dihydrate and monoclinic crystals of tlie feniahydratc. 
H. Obpacher obtained isornorphous mixtures of this salt with the corresponding 
phosphatomolybdate. According to W. Prandtl and W. von Blochin, rubidium 
diselenitopentamolybdate, 2Rb2(h2Se()2.5Mo()3.wH20, ap])ears in monoclinic 
crystals of the dihydrate with two forms, one with the axial ratios 
u : 6 : c :~l* 912 y : 1 : 1 * 1840 , and 106 '' 47 ', and the other with a: b ' c 
-- 0-4006 : 1 : ()' 906 I, and 114 '^ 28 '—a pentahydrate was also prepared ; barium 
diselenitopentamolybdate, 2Ba().28e02.r)M()()3.y/H20, was obtained in rhombic bi- 
jiyramids of the heptahydrate with the axial ratios a:h:c 0-8282 : 1 ; 1 - 2039 , as well 
as crystals of the decahydrate. Water slowly converts ammonium djselenitopenta- 
molybdatc into ammonium diselenitoctomolybdate, 3(NH4)20.2Se02 HMoO^./dfoO, 
the action is rapid at a high temf). A pentahydrate as well as a hexahydrate has been 
prepared. The jiotassium salt has not been prepared, but barium chloride pre¬ 
cipitates barium diselenitoctomolybdate, 3Ba0.2Se02.8H2(). 8oIn. of ammonium 
molybdate and a selenite are precipitated hot by cone, nitric acid, and they furnish 
yellow uncrystallizable precipitates, ammonium diselenitododecamolybdate, with 
the ratios (Ni{4)20 : SeOa : M0O3 : H2O- 2*5 : 2 : 12 : 12 ; 2 ^ ; 2 : 12 : 20 ; and 

2 : 2 : 12 : 8 ; and likewise potassium diselenitododecamolybdate, 2K2().2Se02. 
I2M0O3.I2H2O. By adding nitric acid gradually to the boiling soln., ammonium 
hexaseienitoWamolybdate, 2(NJl4)2().b8e02.6Mo03.9H20, as well as products 
witli the ratios (^114)20 : Se02 : Mo()3 : H2O— 2 : 7 : 6 : 8 ; 2 : 2 : 5 : 3 ; and 

2 ; 2 : 12 : 13 have been jirepared. 

A. Rosenheim and L. Krause added that the composition of the seienito* 
molybdates depends on the ratio of molybdate to selenious acid in the soln. fiom 
which they w^re precipitated. When less than one mol of selenium dioxide was 
present to one mol of molybdate, the potassium and barium salts corres])ond<*d with 
2R20.2Se02 r)Mo 03 .rlLOjUnd the ammonium Baltwith 3 (NH 4 ) 20 . 2 Se 02 .BMo 03 GHoO. 
With more than one mol of selenium dioxide per mol of molybdate in soln., salts 
were obtained in which the proportion of base w^as variable, but the ratio Se 02 • MoOj 
was alw’^ays very nearly 1:1. and by adding 15 mols of selenium dioxide to a sat. 
soln. of ammonium paramolybdate, ammonium selcnitomolybdate, 2 (NH 4 ) 20 . 
5 SeO 2 . 5 MoOj. 8 H 2 O, was obtained in white microscopic prisms ; likewise pOtassium 
selenitomolybdate, K 20 . 2 Se 02 . 2 Mo 03 . 3 iH 20 , in microscopic prisms; and barium 
selenitomolybdate, BaO. 2 SeO 2 . 2 MoO 3 . 7 H 2 O, as a white crystalline precipitate. 
0. W. Gibbs obtained ammonium selenito-tungstate, as a crystalline precipitate, 
from a mixed soln. of ammonium phosphotungstate and selenious acid. 

J. J. Berzelius obtained a lemon-coloured powder by adding a selenite to a 
soln. of a uranyl salt; B. Boutzoureano used uranyl sulphate and sodium selenite, 
and L. F. Nilson an excess of sodium selenite and uranyl acetate. M. LobanofT 
]>rej)ared normal uranium selenite, U(Se 03 ) 2 , by adding selenious acid to an acidic 
soln. of uranic sulphate. A basic salt was also obtained. According to B. Bout- 
zoiireano, when the product is heated with water in a sealed tube at 200 '^ a mass 
of radiating jirisms of uranyl selenite, (U 02 )Se 03 , is formed. The salt is insoluble 
in water, and soluble in acids; it leaves b<?hind the oxide, U 3 O 3 , when calcined. 
The precipitate itself appears to be the dihydrate, (U 02 )Se 03 . 2 H 20 , which loses 
its water of crystallization at 100 '^. According to J. J. Berzelius, if the normal 
selenite be dissolved in selenious acid, and evaporated, it furnishes a transparent sticky 
mass wdiich, when further dried, forms a soluble, ojiaijue white, crystalline powder 
wdiich J. S Mu.spratt rcjire.sented liy the formula 112^)3 3 Se 02 . B. Boutzoureano, 
however, obtained a voluminous, yellow preci})itate of uranyl dihydrotriselanite, 
2 UO 3 . 3 SeU 2 . 7 H 2 O, or 2 (U 02 )Se 03 .H 2 Se 03 . 6 H 20 , or Se 0 ( 0 .U 02 . 0 .Se 0 . 0 H) 2 .GH 20 , 



sas INOHdANK^ ANJ) THKOKKTICAL ( HKMISTKY 

by adding; (‘oiic. ^eleiiious acid to a wolii. of uranyl sulphate and pouring in, par 
pHiIrs portiotis, a soln. of sodium car]>onate. The precipitate soon passes into 
a canary-yellow ])owder consisting of minute, monoclinic crystals. The salt loses 
water at and it is insoluble in water and soluble in acids. L. F. Nilson 

reported that uranyl tetrahydropentaselenite, 3UO3.5SeOo.7H2O, or 3(U02)Se03. 
^ILSeOjj.bHoO, is deposited as a yellow, crystalline powder consisting of rhombic 
tal)h‘ts with acute summits, often truncated, wben uranyl selenite is digested at 
liO'' witli 25*66 per cent, of ils weight of selenium dioxide and water. The salt 
IS insoluble in water. If 32 ])er rent, of selenium dioxide ls used the heptahydraic 
is formed in ]>lace of the pentahydrale ; similarly also with 77 per cent, of selenium 
dioxide ; and, accordingly, L F. Nilson added that this seems to he the most 
acid selenite that can h(‘ formed hy tlie action of selenious acid on uranyl selenite. 
On t!i(‘ other hand, K. Sendtner reported uranyl hydroselenite9 U02(H8e03)2, to 
he formed }>y the action of selenious acid on hydrated uranyl oxide, or more easily 
\iy boiling cone. soln. of uranyl (dilofide and selenious acid. The lemon-yellow 
powder consisting of microscopic crystals, is quite insoluble in water and in an 
c\cess of selenious acid. H. Sendtner obtained yellow ammonium uranyl selenito, 

(N f J|)o U(K(Se( >3)2, by concentrating a soln. of ammonium uranate in warm selenious 
acid o\^cr sulphuric acid; yellow potassium uranyl selenite, H2Q02(Se03)2, was 
obtfdn(‘d in a similar way. I^olh ^alts are insoluble. 

J. J. H(‘rzelius olitained manganese selenite, MnKe03.2H20, by adding alkali 
.s(‘l(mite to a manganese salt: J. S. Mnspratt, by treating manganese carbonate 
Asitb seJenious acid; and L. F. Nilson, by the action of ])otassium hydroselenite 
on a cold soln. of manganese sulpliate. The amorphous, colourless preeijutate, 
in contact witli its mother lif]uor at (>rdinary temp., gradually forms the crystalline 
dihffdratc, and rapidly wlien heated The crystals are probalily monoclinic. 
J. J. Jkuzelius said that tlu' saU. readily fuses when heated, and decomposes only in 
the prestujce of air, wlien the inang<in<‘.se is oxidized, and selenium dioxide ex- 
])eJled. The fused salt ivqiidly attacks glass ; it insoluble in water. J. S. Mus})ratt 
added tliat it forms a c(»lourless soln. witli cold hydrochloric acid, and a pink soln. 
with the liot acid. L. F. Nilson observed that if normal potassium selenite be 
employed as })recipitant with a neutral soln of manganese siilfihate, the voluminous, 
Avhite })reci})itate, in contact with its inother-liipior gradually forms microscopic, 
four-sided tablets of the ‘inonohydralr^ having a slight yellowish-red tinge. Accord¬ 
ing to J. J. Berzelius, lie obtaiiKsl a crystalline acid salt from a soln. of the normal 
salt in selenious acid. According to B. Boutzourcano, if the garnet-red soln. of 
manganese carbonate 111 very cone, selenious acid at 8° be allow'^cd to evaporate 
spontaneously at a low temp, in vacuo, amber-yellow" crystals of manganese hydro- 
selenite» Mn(HSe()3)2.4H20, are formed. Tlie crystals darken on exposure to air, 
and at 15° they lose water and crumble to a white powder. When treated with 
hot water, the normal selenite is formed. L. F. Nilson reported that if the normal 
selenite be heated with 55*5 per <*ent. of its weight of selenious dioxide, and some 
water, there is produced a rose-red ])recipitate of anhydrous manganese pyro- 
selenite* MnSe205, consisting of microscopic, oblique, four-sid(*d tablets. The same 
salt is formed wdioii the neutral .selenite is dissolved in 165-5 per cent, of its weight 
of selenium dioxide and whaler, and the li((uid eva]>orated. No tetraselenitc was 
formed. B, Boiitzoureano obtained the hemifiydraie, 2Mn.Se2O5.H2O, or 
HSe03.Mn.0.Se0—O- SeO.O.Mn.HSeOa, by heating a soln. of manganese carbonate 
in very cone, selenious acid en tube scelle at 200°. The powder, consisting of 
monoclinic jirisms, is not changed by water; and it is freely soluble in dil. 
acids. 

According to P. Laugier, ])Owdered native manganese dioxide is not readily 
attacked by a sat. soln. of selenious acid even in sealed tubes, but precipitated 
Jiydrated manganese dioxide is readily dissolved wdtli devtdopment of heat. The 
soln. i.s brown, and seems to contain a selenite of manganese dioxide, but, like the 
boln. of the dioxide in hydrochloric acid, it readily decomposes, manganese selenate 
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reciiaining in soln., wkilst an orange compound is precipitated. No oxygon is 
evolved. The precipitate contains manganese sesquioxide and selenium dioxide, 
but usually retains unaltered manganese dioxide. If a mol of hydrated manganese 
dioxide be heated with 6 mols of selenium dioxide and water in a st‘alcd tube at 
140 *^ for 8-^12 hrs., P. Laugier found that manganic diselenite, Mn(SeO;j)2, is pro¬ 
duced. According to L. Marino and V. Squintani, manganic selenite obtained as 
just indicated is an orange-yellow, crystalline powder which liberates chlorine from 
dil. or cone, hydrochloric acid, and iodine from potassium iodide soln. containing 
acetic acid. With alkali hydroxides or carbonates, manganese dioxide is set free, 
whilst with ox'alic soln., carbon dioxide is liberated quantitatively. It oxidizes 
mercurous to mercuric salts, cuprous salts to the cupric state, potassium ferro- 
cyanide to ferricyanide, and arsenious to arsenic acid. In presence of a slight 
excess of alkali hydroxide, it decomposes quantitatively : MnSe2()6 - Mn024*28602. 
When heated, the selenite decomposes in the following manner: 

—86024*MnSe04. ^ temp, and in vacuo, however, the dccom]>osition 

proceeds according to the equation: bMuSe^O^.: >8Se02 l-2Mn8c04+Mn,i04 ( O2. 
Actually, P. Laugier said that manganic tetraselenite, Mn2Se40n, or Mn203.48e02, 
is produced by the method first indicated, l)ut L. Marino and V. Squintani obsiu'vcd 
that manganic selenite is formed and furnishes by decomposition the jirodiujt 
observed by P. Laugier. P. Laugier described the tetraselenite as an orange- 
yellow powder which is insoluble in water, and is not attacked by cone, suli^huric 
or nitric acid in the cold. If these acids arc diluted with three or four times their 
bulk of water, they have no action on the compound even when boiled. The tetra¬ 
selenite is dissolved by selenious acid with subsequent precipitation of selenium ; it 
is attacked by cold hydrochloric acid with evolution of chlorine; and it is dissolved 
by alkali-lye with the formation of a selenite and manganCvse sesquioxide. It 
does not lose water at 200°, but at 600 ° selenium dioxide is volatilized and a rose- 
coloured residue of manganous selenate is left. If this tetraselenite )>e heated 
with water in a sealed tube at 140 ° for about 4 hrs., small, green prisms of 
manganic oxydiselenite, Mn28e207, Mn20(8e()3)2, or Mii203.28e()2, are produced. 
The diselenite does not lose selenium dioxide at 6)00°, but otherwisi' it l)ehaves like 
the tetraselenite. It is also formed by heating a cone. soln. of 2 mola of selenious 
acid with a mol of hydrated manganese dioxide. B. Boutzoureano also obtained 
this compound in black crystals by heating a mixture of freshly ])recipitated, 
hydrated manganic oxide and an excess of a dil. soln. of selenious aiad in a sealed 
tube at 200°-220°. P. Laugier found that if th(‘ diselenito be left in eontaet with 
selenious ac’id for about a month, well-developed crystals of manganic triselenite, 
Mn2O3.3SeO2.5H2O, or Mn2(Se03)3.5H20, are formed. These crystals lose water 
at 200°, and selenium dioxide at 6(X)°. 

According to J. J. Berzelius, iron is scarcely attacked by selenious acid, but it 
becomes covered with a copper-red film of selenium. If a soln. of a ferrous salt be 
treated with a soluble selenite, a wdiite precipitate, presuma])ly ferrous selenite 
FeSe03.i^H20, is formed. When exposed to air, it becomes grey, and then yellow. 
The fresh precipitate dissolved in hydrochloric arid, forming a soln. which contains 
some ferric oxide and selenious acid, whilst some selenium is precifhtated. FerroUvS 
selenite dissolves in selenious acid, and soon de])osits a sparingly soluble acid salt. 
When the aq. soln. is heated, it gives a brown precipitjite containing ferric selenit^i 
and selenium. L. F. Nilson did not investigate the ferrous selenites because of the 
difficulties attending their rapid oxidation. 

J. J. Berzelius found that ferric selenite, Fe2O3.38eO2.nH2O, or Fe2(8e03)3.?Hl2O, 
is produced by adding an excess of a soluble selenite to a soln. of a ferric salt; 
J. 8 . Muspratt added ammonium selenite, and L. F, Nilson, sodium selenite, to a 
Boln. of ferric chloride. The white jirecipitate becomes dirty-yellow when dried. 
J. 8 . Muspratt said that the salt is the fetmhydrafe, Fe2(Se03)3 4U2O , L. F. Nilson, 
the enneahydratCy who added that it loses 7 mols. of water at !()()’; and B. Bout¬ 
zoureano, the decahydraie, who added that it loses 18*579 per cent, of water at 100 '^; 
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2:3*66, Ht 110° ; 25*69, at 135° ; ami 26*515, at 150°. On thehe grouud«, B, Bout- 
zourcano reprownted the formula with 2 mols. of constitutional water: 


HO 

HSeOa 


>Fe.O.SeO.O.Be 


^<>11 

“-HSeO,, 




L. F. Niison also obtained the heptahydrafe by acting on the basic salt with enough 
seJenious acid to make the normal salt. B. Boutzoureano prepared the tnhydrate 
in apple-green, tetrahedral crystals, by hciiting equal parts of the decahydrate and 
selenious acid, and 4 to 5 parts of water in a sealed tube not above 205 ; he also 
obtained greenish-yellow, monoclinic })risms of the tmnohydratc , 


O^ 

HSeO,/ 


F<*.0 

Fe.O 


>SfO 


by heating the neutral selenite with 2 parts of selenium dioxide and 6 parts of water 
in a sealed tube at 215°. J. »1. Berzelius reporte<l a basic salt, f6mc trioxytnS6l6nit6, 
2 Fe 2 l>r 3 Se 0 ..wH 20 , or Fe 203 .Fe 2 (Se() 3 )s.wH 20 , to be formed by digesting the 
normal or the acid salt in aq. ammonia. It is insoluble in water; L. F. Niison 
obtained ferric oxyoctoselenite, 3Fe2(>3.8Se02.28H20, or 2 Fe 2 (Se 03 ) 3 Fe()(Se 03 ) 2 . 
28IL>0, as a voluminous ])aIe-ycliow])recipitate, by adding sfdenious acid or an alkali 
selenite to a soln. of ferric chloride, and lie said that it loses 22 mols. of water at 
100 °. B. Boutzoureano obtained ferric oxydiselenite, rod-like 

crystals by lieating the neutral salt with water in a sealed tube at 230°-250°, for 
]() hrs. It is insoluble in water : soluble in acids ; and decomposed when heated 
for a long time wi'h a cone. soln. of sodium carbonate. He also prepared feme 
hydrodiselenite, Fe 2 () 3 . 4 Se 02 .H 20 , or Fc{Se 03 )(HSe 03 ), by heating one part of 
the normal s(‘lenite, 4 to 6 [)arts of selenium dioxide*, and 12 ])arts of water in a sealed 
tube at 250°. The ])aIe-yellow, hexagonal prisms belong to the rhombic system ; 
they are insoluble in water ; soluble iu acids ; and do not lose weight at 100 °. 
L. F'. Niison made the hetniheptahydrate, Fe(Se() 3 )(llSe 03 ). 3 ^H 20 , in greenish- 
white, very sparingly soluble crystals, ]>y evajamiting a soln. of the basic salt with 
59*3 per cent, of its weight of selenium dioxide and water, at a gentle heat; if 
36*6 ])er <*ent. of selenium dioxide l>e erajiloyed, the heniienymihydraU^ 
Fe(Se 03 )(HSe 03 ). 4 JH 20 , is formed. L. F. Niison added that he could not make 
any ferric selenite more acid than these* salts. On the other hand, J. J. Berzelius 
obtained what may be regarded as ferric hydroselenite, Fe(HSe 03 ) 3 .«H 20 , by 
dissolving iron in an excess of a mixture of boiling selenious and nitric acids. As 
the soln. cools it dej)Osits this salt iu pistachio-green lamimn, which give off their 
water and turn black when heated, and then give off all their selenium dioxide. 
The salt is insoluble in water but soluble in hydrochloric acid. B. Boutzoureano 
heated in a sealed tube at 100 ° a mixture of one part of normal selenite, 8 to 10 
parts of selenium dioxide, and 10 parts of water; when all was dissolved, the 
temp, was raised to 130°-135°, and pale-yellow, monoclinic crystals of ferric 
oxytetrahydrohezaselenite, Fe 203 .r)Se 02 . 2 H 20 , or (HBe 03 ) 2 =^Fe—O.fteO.O.SeO.O 
—Fe—(H 8 e 03 )o, were formed, 

R, L. Esi)il obtained anhydrous cobalt selenite, CoSe 03 , in long, violet prisms, 
by passing the vapour of selenium dioxide over heated cobalt oxide, or by heating 
a mixture of the two oxides in a sealed tube. 3. J. Berzelius, and L. F. Niison 
obtained the dihydrtUv, CoSe 03 . 2 H 20 , as a bluish-red amorphous precipitate on 
adding sodium selenite to a soln. of cobalt chloride ; when heated in the mother- 
liquor, the precipitate forms a reddish-violet crystalline powder consisting of 
j)rismatic crystals. The dihydrate is insoluble in water, but freely soluble in 
selenious acid. B. Boutzoureano lieated a mixture of cobalt carbonate, selenious 
acid, and water in a sealed tube at 2 (K)°, and obtained monoclinic prisms of tfae/ni/u- 
hydrate, SCoSeO^.ILO, which he represented HO.Co.O.SeO.O.Co.O.SeO.O.Co.HSeOy, 
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The salt is insoluble in water ; soluble in acids ; and does not lose water at 
100 ^\ J. J. Berzelius said that when the soln. of the normal selenite in selenious 
acid is evaj)orated, it furnishes a purple-red, gum-like mass. B. Boutzoureano 
evaporated in air a soln. of cobalt carbonate in selenious acid and obtained tr(\s 
beaux cristaux of cobalt hydroselenite, Co(HSe 03 ) 2 . 2 H 20 . The garnet-red, mono¬ 
clinic crystals are soluble in water with partial decomposition, forming a Adolot 
powder. The water of crystallization is lost at 1 (X)°. If a soln. of cobalt carbonate 
in an excess of selenious acid be heated in a sealed tube at 225'"-250", a violet 
powder consisting of moiioclinio crystals of cobalt pyroselenitc, € 080205 , is pro¬ 
duced. It is insoluble in water, but soluble in dil. acids. L. F. Nilson made it, 
as a red, glossy mass, by allowing a soln. of the normal selenite in warm cone, 
selenious acid to evaporate over sulphuric acid ; if the cone. soln. be allowed to 
slowly evaj)orate at 60° it furnishes what were regarded as rhombic prisms and 
tablets of the ijyroselenite. If a mol of the normal salt and 3 mols of selenious 
acid be allowed to evaporate slowly at 60°, reddish-violet, microscopic, four-sided 
tablets of cobalt triselenite, € 086307 . 1120 , are formed although complete soln. never 
occurred. E. Bertrand described minute, rose-red, monoclinic prisms of a mineral 
which he called CObaltomenitc- from yLtivrjy the moon—which he obtained along 
with molybdomenite from €acheuta, Mendoza, Argentine. The crystals are 
optically negative, and were said to contain some cobalt selenite. F. L. Hahn 
prepared some complex cobaltoselenites; and H. L. Eiley obtained cobaltic 
pentamminoselenitochloride, [(b(Se 03 )(NH 3 ) 5 ]€l, in brownish-red crystals which in 
aq. soln. dissociate as a binary electrolyte to the extent of 97 per cent. He also 
obtained cobaltic selenitopentamminoselenite» [€o(Se 03 )(NH 3 ) 5 jSe 03 . 3 H 20 , but 
it was too delicpiescent to purify satisfactorily, 

E. L. Espil obtained anhydrous nickel selenite, NiSeOs, in yellow crystals by 
})assing the vaj)oiir of selenium dioxide over heated nickel oxide, or by heating a 
mixture of the two oxides in a sealed tube. J. J. Berzelius, and J. 8 . Muspratt 
obtained the hemihydraie, Ni 8 e 03 .|H 20 , by treating a soln. of nickel sulphate 
with potassium vSeleuite; H. Fonzes-Diacon, by oxidizing nickel selenide with 
nitric acid; and B. Boutz(nireano, by heating in a sealed tube at 2()0'^ either the 
precipitated selenite or the ])rodiict of the action of selenious acid on nickel ci^rbonate 
along with a very dil. selenioiLs acid. The precipitated selenite furnishes an apple- 
green powder. The hemihydrate, obtained by the sealed tube process, forms stellar 
grou})s of green prismatic crystals, B. Boutzoureano represented it by the formula 
HSeOs.Ni.O.Ni.HSeOs. L. F. Nilson said that the dihydrate is formed in siskin- 
green, microscopic aggregates of crystals, from a soln. of nickel carbonate in selenious 
acid at ortlinary temp. As observed by J. J. Berzelius, L. F. Nilson found that 
the evaporation, at ordinary temp., of a soln. of the normal salt in selenious acid 
furnishes a green, gum-like mass ; but if an excess of the normal salt is used, and 
the soln. slowly evaporated, emerald-green, microscopic, four-sided, quadratic 
prisms of nickel hydroselenite, Ni(HSe 03 ) 2 . 2 H 20 , are formed. The salt is slowly 
soluble in water; it is permanent in air; and at 100 °, loses its water of crystallization. 
If a sola, of the normal salt in an excess of selenious acid be slowly evaporated, 
oblique, four-sided tablets of nickel tetraselenite» NiSe 409 .H 20 , are formed. They 
dissolve with difficulty in cold water ; more readily in hot water. The salt slowly 
loses water at 100 °. 
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§ 11. Selenium Trioxide and Selenic Acid 

The preparation of selenium trioxide, SeOs, has proved singularly difficult. 
Many attempts have been made to prepare selenium trioxide analogous with sulphur 
trioxide, SO3; whilst the latter is decidedly stable, the former a])pears to be so 
unstable as to break dowji immediately into selenium dioxide and oxygen. E. von 
Gerichten ^ passed a mixture of tlie vapour of selenium dioxide and oxygen over 
red-hot platinum wool, and olitaiiied a white sublimate which he first thought to 
contain some selenium trioxide, but which he later found to be selenium dioxide 
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alone. C. A. Cameron and J. Macallan also failed to obtain selenium trioxide in 
this way ; nor did they obtain it by heating the selenate of silver, mercury, lead, 
antimony, bismuth, iron, or plstinum. By heating phosphorus pentoxide with 
selenic acid and cooling the soln., C. A. Cameron and J. Macallan obtained crystals 
of what they thought to be selenium trioxide. If the temp, is too high the crystals 
are not produced, and it is thought that the trioxide dissociates at a relatively 
low temp .—vide infraj selenium sulphoxide. R. Metzner could not prepare 
selenium trioxide by distilling a mixture of selenic acid with phosphorus 
pentoxide in vacuo. A. Michael and W. T. Conn failed to make the trioxide by 
digesting anhydrous selenic acid with perchloric acid between KX)*^ and 140° for 
4 hrs. The perchloric acid could be distilled from the product unchanged. 
J. Jannek and J. Meyer unsuccessfully attempted to make the trioxide by the 
action of dry ozone on selenium, although they found that moist ozone forms 
selenic acid. 

R. R. le Geyt Worsley and H. B. Baker exposed dry selenium dissolved in dry 
selenyl dichloride to the action of dry ozone and obtained white, solid selenium 
trioxide mixed with selenyl dichloride. The process can be made continuous by 
introducing into the oxidation tube sticks of fused selenium. The ozone attacks 
the dissolved selenium, forming the trioxide, and more selenium dissolves. The 
selenyl dichloride can be removed by washing, first with thoroughly dried carbon 
tetrachloride, and then with sodium-dried ether. The ether was finally removed 
by warm air dried by cone, sulphuric acid and phosphorus pentoxide. The analysis 
agrees with the formula ; and the mol. wt. determined by its effect on the f.p. of 
phoBphoryl chloride agrees with the mol SeOa. Selenium trioxide is a pale-yellow 
amorphous solid of sp. gr. 3-6. It de<^om}>oses at about 120° without melting or 
subliming, and it then forms selenium dioxide and oxygen. The sublimate observed 
in its preparation is said to be due either to the substance having been carried over 
in fine state, or to an allotropic modification. R. Metzner calculated that the 
formation of solid selenium trioxide from the dioxide is an endothermal process 
approximating (Se 02 , 0 )—Se 03 ~“I 4*7 Cals.; while its formation from the elements 
is exothermal, (Se,30)=Se0g+42-l Cals. W. G. Mixter gave (Se,30) "-:-48‘8 Cals. 
According to R. R. le Geyt Worsley and H. B. Baker, the trioxide is readily soluble 
in water with the evolution of heat; it is also soluble in alcohol but insoluble in 
ether, chloroform, or carbon tetrachloride. It is analogous to sulphur trioxide m 
forming selenic acid when treated with water, and selenates when treated with 
alkalies. It reacts with hydrogen dioxide to form a perselenic acid; it is soluble 
in selenic acid melted under reduced press.; and it furnishes chloroselenic acid 
when treated with dry hydrogen chloride. J. Meyer and A. Pawletta were unable 
to confirm the results of R, R. le Geyt Worsley and H. B. Baker; and 

G. F. Hoffmann and V. Lenher also failed, their product was always selenium dioxide. 
The existence of the trioxide is therefore “ not proven.’’ J. Meyer and A. Pawletta 
stated that the dissolution of selenium in selenium oxychloride results in the forma¬ 
tion of selenous chloride, which is precipitated with selenium dioxide when ozone is 
passed into the soln. The white sublimate observed by R. R. le Geyt Worsley and 

H. B. Baker is considered to be selenous chloride. Substitution of glacial acetic 
acid or carbon tetrachloride for selenium oxychloride does not lead to the separation 
of selenium trioxide. 

In 1827, E. Mitscherlich discovered selenic add, H 2 Se 04 . The aq. soln., or 
combinations as selenates, were made by J. J. Berzelius, and E. Mitscherlich by 
igniting a mixture of selenium, metal selenides, selenious acid, or the metal selenites 
along with alkali nitrate ; or by passing chlorine through a sola, of potassium 
selenite mixed with free alkali. H. Rose, and H. Topsde also obtained the soln. by 
the action of chlorine on selenium or selenious acid in contact with water; 
A J. Balard used liypochlorous acid; J. Thomsen, and H, H. Morris, bromine ; 
R, Metzner, potassium permanganate; F. C. Mathers oxidized a hot nitric acid 
soln. of selenium dioxide and potassium permanganate—the [jruduct is said to be 
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free from seleniouft acid, but to contain a small proportion of manganese ; J. Meyer 
and K. Heider, sodium dioxide, and hydrogen dioxide ; E. Wohlwill, potassium 
dichromate, lead dioxide, or manganese dioxide; and E. Mailfert, and J. Jannek 
and J, Meyer, l>y the action of ozone on selenium in the presence of water. 
J. Meyer and K. Heider obtained a 47 per cent, conversion by using 30 per cent, 
hydrogen dioxide on a water-bath ; and E. R. Huff and C. R. McCrosky, a 90 per 
cent, conversion of selenious acid or a selenite, by refluxing with 30 per cent, 
hydrogen dioxide for 3 hrs. E. Wohlwill found that neither nitric acid nor aqua 
regia oxidized selenious acid to selenic acid ; nitrous acid converts selenium only 
into seleniouvs acid ; whilst mercuric and cupric salts do not oxidize a soln. of 
selenious acid. 

E. Mitscherlich obtained the acid by treating lead selenate suspended in water, 
with hydrogen sulphide, and concentrating the filtered soln. by evaporation. 
M. E. Diemer and V. Lenher, and E. von Gericbten employed a modification of this 
process. E. Wohlwill treated copper selenate with hydrogen sulphide, and 
evaporated the filtered soln. on a water-bath. E. von Oerichten, and H. Topsoe 
showed that the precipitated copper sulphide is oxidized during the washing so that 
the resulting selenic acid is always contaminated with sulphuric acid. This process 
was employed by J. J. Berzelius, C. Fabian, etc. To get over the objection, C. von 
Hauer treated calcium selenate with cadmium oxalate, and removed the cadmium 
from the soln. by }>recipitation with hydrogen sulphide. The filtered liquid was 
heated to drive off the excess hydrogen sulphide. J. Thomsen treated a soln. of 
silver selenite with bromine, and evaporated the filtrate from the silver bromide, 
(h Metzner found that the product so obtained has a high degree of purity. The 
filtrate was stated to he free from selenious acid. M. E. Diemer and V. Lenher, 
V. Lenlier and C. H. Kao, P. Klason and H. Mellquist, and E. B. Benger used 
modifications of this juocess. L. M. Dennis and J. P. Koller said that the product 
always contains selenious acid; M. E. Diemer and V. Lenher, and E. B. Benger 
removed the selenious acid by treatment with hydrogen sulphide, but E. B. Benger 
observed that some selenic acid is thereby reduced to selenium and sulphur, and 
])robably some sulphur dioxide. M, E. Diemer and V. Lenher stated that the 
selenic acid obtained by oxidizing silver selenite with bromine is free from selenious 
and sulphurous acids. R. Metzner prepared selenic acid by first oxidizing selenium 
dioxide with either chlorine or bromine, neutralizing the acid soln. with copper 
oxide, separating the co})per selenate from the copper chloride by fractional 
crystallization, and electrolyzing the aq. soln. of copper selenate to remove the 
copper. He said that the selenic acid so obtained is free from copper, chlorine, and 
selenious acid. L. M. Dennis and J. P, Koller recommended this process, extracting 
the copper chloride from the selenate by acetone. They said that this is the best 
process for preparing selenic acid free from selenious acid and chlorine. J. Meyer 
and H. Moldenhauer prepared the acid by first oxidizing selenium with nitric acid, 
and treating the resulting selenious acid with rather more than the theoretical 
quantity of chloric acid. The soln. was heated to expel chlorine and chlorine 
oxides, and the soln, heated in vacuo to remove perchloric acid. This gave a soln. 
with 85-90 per cent. H 2 Se 04 ; and a yield 90-95 per cent, of the theoretical. 
P. L. Blumenthal recommended oxidizing selenium dioxide with a mixture of 
nitric acid and potassium bromate. V. Lenher and E. J. Wechter obtained selenic 
acid by treating a soln. of potassium selenate with perchloric acid, or a suspension 
of barium selenate with sulphuric acid. 

As indicated above, R. Metzner electrolyzed a soln. of copper selenate to pre¬ 
cipitate the copper; and F, C. Mathers electrolyzed lead selenate, resting on the 
cathode covered with selenic acid, and obtained an 87 per cent, yield of selenic acid. 
E. Muller effected the electrol5rtic oxidation of selenites to selenates ; when a neutral 
soln. of sodium selenites is electrolyzed—in a cell using an anode of platinum foil, 
and a cathode of platinum wire, until all the selenite has disappeared, that is, until 
a portion of the electrolyte causes no separation of iodine and selenium with a soln. 
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of potassium iodide. Sodium selenate is obtained by simply evaporating the soln., 
after filtering it from a small amount of selenium. In the presence of potassium 
chromate, the deposition of selenium at the catliode is entirely prevented. In 
order to obtain sodium selenate from the latter soln., the chromium must first of 
all be removed by precipitation, so that, on the whole, the method of preparing the 
selenate by electrolyzing the selenite in the absence of potassium chromate is to be 
))referred. R. T. Glauser prepared seleiiic acid hy the electrolysis of a cone. soin. 
of selenious acid in cone, nitric acid between 50" and 80'' using a small cathode 
current density, and an anode density of 4 f o 5 amp. i)er sq. cm. for KK) c.c. of soln. 
A gram of selenious acid was oxidized in 4 to 5 amp. hrs. W. Manchot and 
A. Wirzmiiller obtained selenic acid, free from selenioms acid, by the anodic oxida¬ 
tion of selenious acid using a platinum cathode, and an anode of platinum covered 
with lead dioxide surrounded by a ])orous pot. The catholyte was 5 A^"HN 03 , 
and the anolyte, cone, selenious acid, and at a low current density and low temp. 
1*7 amp. hrs. were required per gram of selenium dioxide (theoretical 0-48). The 
yield was about 80 per cent, of the theoretical. L. M. Dennis and J. P. Koller 
found that with the electrolytic process they employed, the electro-oxidation of 
selenious acid always furnished selenic acid contaminated with selenious acid. 
C. Manuelli and G. Lazzarini studied the oxidation and reduction that occur in the 
electrolysis of selenious acid. J. Meyer and K. Hei<ler found the most favourable 
conditions for the anodic oxidation of selenious acid to be : 

3*2 grmg. of selenium dioxide diHbt>l\ed in .‘{0 c.c. of nitric acid of .sp. gr. 1*4; area ot 
platinum foil anode, C sq. cms. ; caUiode of platinum wire; temp., 7()“-80° ; current, 
2*5 to 3*5 amps, at 8 volts. The process was accelerated hy ilie presence of small quantities 
of selenic acid ; tlie current efficiency rost^ from 1 per cent, (after 15 mins.) to 8*3 per cent, 
(after 111 mins.) and then declined. 

C. A. Cameron and J. Macallan cooled by means of liquid suljdiur dioxide an 
aq. soln. of selenic acid, cone, as much as possible -97*75 per cent. H 2 Se 04 . The 

viscid mass was then rubbed with a glass rod, 
w'hen sudden crystallization accompanied by a rise 
of temp, occurred. 0. Petterssoii and G. Ekman 
concentrated an aq. soln. of selenic acid on a water- 
bath, and tlien in vacuo at 180*^; on cooling, the 
solid mass contained 99-9 2 )er cent, of H 2 Se 04 . 
C. A. Cameron and J. Macallan said that if the 
temp, rises to 217® some selenium dioxide is formed. 
R. Metzner heated cone, selenic acid in vacuo at 
210® for 48 hrs., and cooled the i)roduct with 
methyl chloride when a white, crystalline mass 
of H 2 Se 04 was obtained. C. A. Cameron and 
J. Macallan cooled a 88*90 per cent, of selenic acid 
to -—32®, and obtained the monohydrated selenic acid, H 2 Se 04 .H 20 , which was 
purified by repeated melting and recrystallization. C. A. Cameron and «T. Macallan 
recommended purifying an ^aq. soln. of selenic acid by converting it into the 
monohydrate, and repeatedly crystallizing the product, using the seeding process 
to induce crystallization. R. Metzner also obtained the monohydrate by con¬ 
centrating an aq. soln. to 210 ®, and rubbing with a glass rod the viscid mass, 
cooled to — 80®, when crystals are slowly formed. If the viscid mass at 5® or 6 ® bo 
seeded with crystals of the monohydrate, crystallization readily occurs. The 
crystals are drained on a porous tile, and dried at a temp, below 15°. 
C, A. Cameron and J. Macallan also reported that when an 80*11 per cent, soln., 
corresponding to the dihydrate, is cooled to — 51®, a viscid syrup is formed which 
does not crystallize ; nor does a soln. corresponding with H 2 Se 04 . 6 H 20 crystallize 
at 40®. R. Kremann and F. Hofmeier determined the f.p. of mixtures of water 
and selenic acid. The following is a selection from their results : 



Fig. 52. —Kquilibriuin Curve 
between H 2 »Se 04 and Water. 
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Per cent. HaSeO^ 
Freezing Point 

Solid plia&e 
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Freezing Point 

Solid phase 
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40-2^ 

92-7 

26-3° 
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83-2 79-2 
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74-7 

-63-3° 

74-5 

-56° 


HaSeO^ 



MgSeO^.H^O 



74*6 

-56° 

70-8 

-65-3° 

57-7 

-61° 

48-0 

—830° 

45-2 38-9 

-63-5° -37-2° 

210 

-10-5° 

6-1 

-1-3° 


HaSe64.4H20 


H 2 O 




The results are plotted in Fig. 52. Only two hydrates appear as solid phases : 
(i) the rmnohydraie, H 28 e 04 .H 20 , melting at 26°, and (ii) the tetrahydrate, 
H 2 Se 04 . 4 H 20 , melting at - 51*7°. The eutectic between H 2 Se 04 and H 2 Se 04 .H 20 
at 19° corresponds with 91-5 per cent, of selenic acid; that between H 2 Se 04 .H 20 
and H 2 Se 04 . 4 H 20 at —55° and 74*5 per cent, selenic acid; and that between 
U 2 Se 04 . 4 H 20 and H 2 O at --83° and 48-0 per cent, of selenic acid. D. 1). Karve 
applying the criteria for pseudo-acids found that 98 per cent, selenic acid is a true 
acid, H[HSe 04 ], and in water and alcohol forms a true oxonium salt, [HSe 04 ]H 201 l, 
where R represents H or the C 2 H 5 -radicle. H. Remy discussed the structure of 
selenic acid. 

The cone., aq. soln. of selenic acid is a transparent, colourless liquid. The anhy¬ 
drous acid, prej)ared by C. A. Cameron and J. Macallan, and R. Metzner, crystallizes 
in long, interlacing hexagonal prisms isomorphous with anhydrous sulphuric acid. 
The molten acid is very prone to undercooling particularly in the presence of 
impurities—selenious acid. If the selenic acid contains some selenium dioxide, the 
crystals sometimes appear in the form of double prisms, many of them intersecting 
in pairs. The slow crystallization of the aq. soln. furnishes large prisms, while rapid 
evaporation yields needle-like crystals. The monohydrate was obtained in acicular 
crystals, but with very slow crystallization, rectangular plates were formed. 
R. Kremann and F. Hofmeier said that the crystallization of the tetrahydrate in 
undercooled liquids is induced by seeding with the corresponding hydrate of 
sulphuric acid, thus indicating that these hydrates are isomorphous. The cone., 
aq. soln. of selenic acid was found by E. Mitscherlich readily to attract moisture 
from the air, and to develop much heat when mixed with water. Similar results 
were observed by C. A. Cameron and J. Macallan with H 2 Se 04 ; and by R. Metzner 
with the monohydrate. 

C. A. Cameron and J. Macallan observed that the specific gravity of the molten 
acid, H 2 Se 04 , is 2*6083 at 15° ; and when in the solid state, 2-9508 at 15°; similarly 
with the molten monohydrate, 2-3557 at 15°, and with the solid, 2*6273 at 15°. 
They gave for the sp. gr. of aq. spin, containing 

H|Se 04 • 99-73 97-6 96-0 91-0 87 0 85 0 80-0 73-50 per cent. 

Sp. gr. . 2-6083 2-5695 2-6163 2-4081 2-3061 2-2568 2-1216 1-9676 


The sp. gr. increases with cone, up to the highest cone., and in this respect differs 
from sulphuric acid. The magnitudes of the increase for similar changes of cone, are 
not regular, and these differences diminish with increasing cone, of the ac;id. The 
presence of selenium dioxide raises the sp. gr., and this is taken to account for 
the higher values for the sp. gr. obtained by E. Mitscherlich, J. J. Berzelius, and 
C. Fabian. The following is a selection from the data of M. E. Diemer and 
V. Lenher for the sp. gr. of aq. soln. containing p per cent, of H 2 He 04 at 20°/4° : 

H*Se 04 • 9-89 6-20 10-06 20-48 40-62 00-73 80-83 99-20 per cent. 

Sp.gr. . 1-0048 1-0393 1 0768 1-692 1-3895 1-6937 2-1422 2-5925 


F. W. 0. de Coninck found the sp. gr. of three commercial samples of selenic acid to 
be 1*4386 at 18° ; 1*4669 at 15*5° ; and 1*4698 at 15*8°. The melting point of the 
anhydrous acid, H 2 Se 08 , found by C. A. Cameron and J. Macallan is 50° ; R. Metzner 
gave 57°. W. Strecker and F. Krafi't gave 61°-~62° for the m.p. of large crystals. 
The molten acid shows a marked tendency to undercooling. A similar remark 
applies to the other hydrates. C. A. Cameron and J. Macallan gave 25° for the 
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in.p. of the inonoliydrate ; R. Metzner, 15°; and R. Kremann and F. llofmeier, 
26°, while the in.p. of the tetrahydrate ia —51-7°. R. Metzner gave —3*45 Cals, 
for the heat o! fusion of H 2 ^e 04 , and 4*75 Cals, for the monohydrate. According 
to R. Metzner, the vapour pressure, P mm., of anhydrous H 2 Se 04 , is : 

100“ 105“ UO 100 ‘ 210" 

p . . 15-8 21-U :J2'0 37-U min. 

C. A. Cameron and J. Macallan said tluit tlie boiling point of the monohydrate is 
20r)^\ W. Strecker and F. Kraftt gave 172° for the b.p. at 85 mm. press. 

J. J, Berzelius said that the most cone, acid he could obtain by evaporation 
contained 4 per cent, of water and had a sp. gr. 2-6 ; and he added that if the teinj). 
attains 290°, the acid decomposes into selenium dioxide and oxygen. E. Mitscher- 
lich said that if the aq. soln. be evaporated until the temp, has risen to 165°, the 
sp. gr. is 2*524 ; if continued to 267°, the sp. gr. is 2*600 ; if to 285°, 2*625, but jiart 
of the selenic acid is then changed to selenious acid. The acid evaporated at 280° 
contains 84*21 per cent. Se() 2 . He added that the tendency to decompose at the 
high temp, prevents the formation of the pure acid, H 2 Se 04 . C. Fabian said that 
when a selenic acid soln. is evijporatod at 265°, the sp. gr. is 2*609, and the liquid 
contains 94-9 per c‘ent. ll 2 S (‘()4 ; and if the soln. at 240°-260° be placed over cone. 
sul])huric acid in a desiccator, wliich is then evacuated, the liquid has a sp. gr. 2*627, 
and contains 91*4 })er cent. n 2 Se 04 . According to C. A. Cameron and J. Macallan, 
when a dil. aq. soln. of selenic acid is heated in vacuo to 180°, dil. acid distils oft* until 
the anhydrous acid remains. The result of further heating is for a time merely 
, to raise the temp. ; the acid does not distil in the anhydrous condition. At about 
2(XJ° it })egins to decomj)ose slowly, and at higher temp, rapidly, into selenium 
dioxide, oxygen, and water. The latter serves to dil. a jiortion of the remaining 
acid, which tlien at once distils. The residue always consisted of a mixture of 
anhydrous selenic acid with selenium dioxide, the })roportion of the latter increasing 
with the rise of temp, and length of time of heating ; the distillate consisted of sele¬ 
nium dioxide mixed with selenic acid. Wlien dil. selenic acid is boiled at ordinary 
press, nothing ]>ut water is evolved until 205° is reached, at which temp, it has the 
composition of the monohydrated acid. In these respects it behaves like dil. 
sulphuric acid. After pushing 205" the distillate contains at first mere traces of 
selenic acid, but its cone, gradually increases as the temp, rises from 205° to 260°. 
At higher tenq). a portion of the acid decomposes, the distillate being diluted by the 
w’^ater continuously set free during the decomposition ; and at higher temp, much 
selenium dioxide also distils over. Hence, the cone, of the selenic acid which distils 
under ordinary press, is always low. If anhydrous selenic acid be strongly heated 
under ordinary jiress. a portion of it is decomposed into selenium dioxide, oxygen, 
and water, the latter serving to dil. the remaining acid. It will then no longer 
solidify on addition of a crystal of the anhydrous acid. In the case of selenic acid 
the anhydride is evidently unable to exist free at elevated temp., but breaks up into 
selenium dioxide and oxygen. When selenic acid is kept for some time at 250° it 
always contains traces of selenium dioxide, and at 280° decomposition is rapid. 
Anhydrous selenic acid commences to dissociate in vacuo at about 200°. J. Meyer 
and H. Moldenhauer observed that when heated above 160°, selenic acid is slowly 
decomposed into oxygen and selenious acid. According to R. Metzner, the heat ol 
formation of the acid, H 2 Se 04 , at 15° is (Se02,0,H20)=3*06 Cals.; (Se,202,H2) 
—128*86 Cals.; and (8e,30,H 2 O)“-59*86 Cals.; and for the monohydrate with the 
liquid system (Il28eO4,H2O)=4*80 Cals. ; and with the solid system (H 2 Se 04 ,H 20 ) 
™4*55 Cals. The heat of solution of the solid acid at 15° is (H 2 Se 04 , 300 c.c. 
water)13*35 Cals., and for the liquid acid, 16*80 Cals. ; and the solid monohydrate, 
7*45 Cals., and for the liquid monohydrate, —4*75 Cals. J. Thomson gave 
(Se,30,aq.)-76*66 to 77*24 Cals.; (8e02,0,aq.)-19*53 Cals.; and (8e02aq.,0) 
—20*45 to 20*50 (^als.; and R. Metzner, (Se,202,H2)” 145*66 Cals., in soln. ; and 
(Se,30,H20)—76*66 Cals., in soln. R. Metzner gave for the heat of neutralization 
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witli2Ke)H, 31‘3K^alH. ; 2NaOH, 31*19 Cals. ; JiaO, 3(‘)*92 (\ils. ; 19)0, 21*91 Cals. ; 
Ag.O, 22*6 Cals. ; and CuO, 18-126 Cals. 

J. H, Gladstone and W. Hibbert found that as the cone, of soln. of seleuic acid 
changes with dilution from 41-8 to 27* 3 per cent. 11^8604, tlie molecular refraction 
changes from 29*79 to 29*29 at 24°-25*U, and t he Z)djne. The calculations arc based 
on the observations of I. Zop])elIari on the index o! refraction, fx. W. J. Po])e gave 
24*11 for the refraction eq. of the Se 04 -radicle. 11. W. Stone found for a(j. soln. 
containing 2 ? per cent. HoSe ()4 at 2<P and the D-linc — for v\at(‘r alone/x- 1-3330 : 

p . . 1 5 10 20 40 (i(> 80 00 

fi . . 1-3341 1-3380 1-3450 1-3583 1-3802 1-4278 1-4S10 1-5100 

C. Schaefer and M, Sclmbert observed that the ultra-red reflection spectra of the 
selenates show a definite maximum in the region of 11/x, and this is attributed to the 
vibrations of the Se 04 -radicle, and it is analogous to the maximum at 9/x exliibited 
by the sulphates. When the selenates contain water of crystallization, the charac¬ 
teristic water bamls a])pear. The reflection maximum shown by the uniaxial 
crystals of selenates at about ll/ii can he resolved into two grou[)s of characteristic 
vibrations, and into three in the case of bi-axial crystals. Observations were also 
made by A. M. Taylor. 

G. Gore observed that a thermoelectric current is developed with a mercury 
electrode in c-ontact with an a((. soln. of selenic acid ; with dil. soln., tlie strengtli 
of the current is reduced with the increase of cone., but with cone. soln. this pheno¬ 
menon is reversed. W. Ostwald gave the electrical conductivity, fx, of soln. vith a 
mol of the acid in v litres of water at 25"^: 

V . . 4 n> ()4 25G 1024 4090 8192 

/u . . 103-2 107-4 127-3 150-0 J09-1 177-1 170-9 

A. Miolati and E. Mascetli studied the sj>, conductivity of seleuic acid to which 
sodium hydroxide is progre.-lively added. M. 8. SlK-riil aud E. F. Jzard calculated 
tlie reduction potential of the reaction: 311* 1 IlSeO^' | ) 

to bo —1-088 volts; and the free energy of H 8 (* 04 ', - 107-71 cals, at 23 . 

J. Thomsen ])iaced selenic acid, 0-45, in his avidity table between sulphuric acid 
(0-49), and trichloracetic acid (t)*3t)) with hydrochlori(* acid unity. According to 
C. A. Cameron and ,1 Macallan, anhydrous selemc aci<l })ossesses a ])ovverfu] affinity 
for water, absorbing it quickly from the atm. Their combination is attended with 
contraction and considerable evolution of beat, but less so than in the case of water 
and sulphuric acid. Like the latter, it disintegrates and blackens many organic 
substances, such as cork, indiarubber, etc. From others it withdraws the elements of 
water; thus, alcohol heated with it yields ethylene, and glycerin, acrolein. On 
cellulose it has an action similar to that of eonc. sulfihuric acid, pajier being converted 
by it into a tough parchment-like substance. For this reason it sliould not be 
filtered through Altering paper, except when cold and very dil. The hot, surfused 
acid dissolves iodine, forming a brown soln. E. Mitscherlich observed that selenic 
acid decomposes when boiled with hydrochloric acid, forming chlorine and-selenious 
acid. O. Pett/ersson, and F. A. Gooch and P. 8. Evans based an analytical process on 
this reaction. F. A. Gooch and W. H. 8coville found that in the presence of hydro- 
bromic acid— -potassium bromide in sulphuric acid soln.— selenic acid is reduced to 
selenious acid. The completeness of the reaetioti depends on the cone, of the soln., 
and the proportions of potassium bromide and sulphuric acid which are present. 
Bromine distils off when the soln. is heated, and if tlie distillation be continued too 
long, selenium is liberated, and if the potassium bromide is in too large excess, 
it is difficult to remove all the bromine before the reduction to selenium ocegrs. 
F. A. Gooch and W. G. Reynolds said that hydriodic acid slowly reduces selenic 
acid to selenious acid if a great excess of hydrochloric acid is not jiresent. 

r. A. Gamorou .a nd J. Ma(-allau ob.servod that, when powdered sulphur is mixedivith 
liquid anhydrous selenic acid, tliere is no action in the* cold ; but if the mixture be 
heated to 63°^ the sulphur dissolves in the acid with tlie production of an exceedingly 
VOL. X. 3 I 
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colour. Tiiorc. is somt* action, })ut slight, at 58". Th(‘ body which 
is produced is very unstable, since it begins to decompose at the temp, at which it hs 
banned, with evolution of sulphur dioxide, and reduction of the selenic acid to 
seleuious acid. If water be added when the c(d{)ur has first developed, sulphur is 
deposited in soft yellow flakes; but after decomposition has commenced, tlie 
addition of water throws down red selenium chiefly, owung to the reaction between 
the suljduirous and selenious acids which «are formed the action of sulphuric acid 
on sulphur. F. Kraflt and O. Steiner found tluit when anhydrous selenic acid is 
slowly heated to 55 "" with sulphur in aii atm. of earbou dioxide in a sealed tube, 
sulphuric acid and selenium are formed. E. B. Benger also observed the sulphur 
reduces anhydrous selenic acid at b3''; and in aq. soln. at higher temp. Thus, a 
94 2 per cent. soln. of the acid is attacked at OB'", and a 40 per cent. soln. at 190°. 
E. Mitscherlich, B. Brainier, and II. H. Morris said that selenic acid is not reduced 
by hydrog^en sulphide, but E. H. Beng(‘r found that this statement is not correct 
because selenic acid of any cone, may be completely decomposed by hydrogen 
sulphide at any temi). over — 10 ’. The rate of reduction increases both with the 
temp, and with the cone, of tlic acid. A 10 per cent. soln. of selenic acid at 45° is 
completely decomposed by dry hydrogen sulphide in 13/r hrs. The reaction is 
symbolized ; H2Sd-13.^Se()4— 2 R 2 O 1 SO 2 i Se ; and the sulphur dioxide then reacts 
with the hydrogen sulphide depositing sulphur. This makes the reaction 
3 H 2 S+H 2 Se 04 ^- 4 H 20 j Se-f 38. The reaction, however, is still more complex— 
vuh infra, sulphur dioxide. L. M. Dennis and J. P. Roller, and A. E. H. Tutton also 
said that hydrogen sulphide and selenic acid always yield selenium or selenium 
sulpliide; but If. W. Stone found that .selenic acid—freed from selenious acid - 
after dilution to a 5 j)er cent, or lower cone., can be subjected to a rapid stream of 
liydrogcn sulphide without showing the slightest trace of a yellow* coloration. 
E. Mitscherlich reported that sulphur dioxide has no action on selenic acid, but 
E. B. Benger said that the sehmic acid is reduced by a reaction : H 2 Se 04 + 3 S 02 
q 2 H 2 O - 3 H 2 S 04 -|- 8 e, which really takes place in two stages: 1128004+802 

112804 + 8002 , and 8 e 02 d 21 l 20 -| 2 SO 2 8 e+ 2 H 2804 “ selenium dioxide has 
))een isolated in the intermediate }>roduct. When the sulphuric ar id has attained 
a certain cone., the reducing action ceases, but when the soln. is diluted, the reaction 
can ])roceed to completion. According to A. Cameron and J. Macallan, solid 
selenic acid is soluble in con(‘.. as well as in fuming sulphuric acid ; while selenium 
reacts with anhydrous selenic acid in the cold. The selenium dissolves in the acid 
with production of an intense green colour. The presence of a minute quantity of 
water prevents the colour from developing fully until the acid is warmed. The 
acid is capable of dissolving a considerable quantity of selenium. If kept in a closed 
vessel the colour thus })roduced is very permanent, being unaffected for months 
during bummer weather, but if the acid be heated to 75° the colour disappears, and 
the selenic acid is found to be partly reduced to selenious acid. Addition of water, 
when the colour has developed, throws down a voluminous red precipitate of 
selenium, and exposure to the air in an open vessel for a few minutes is suflRcient, from 
the same cause, to change the green colour to the red. E. B, Benger also observed 
that selenium, at room temp., reduces selenic acid at all cone., and more rapidly at 
more elevated temp. Cone. soln. are more readily attacked than dil. soln. 

A. Cameron and J. Macallan found that selenium dioxide dissolves in hot, 
anhydrous selenic acid, but the greater part crystallizes out again on cooling. There 
is no evidence of the formation of an acid analogous to dithionic acid. It was also 
found that tellurium, like selenium, re«aets with anhydrous selenic acid in the cold 
with production of a jairple-red colour. Even when the acid is not perfectly 
anhydrous, it will still give a coloration in the cold. The compound thus formed 
is [uohably very unsfabh*, since the colour disappears at so low a tern]), as 19°, the 
seleni(’ acid being partly reduced to selenious acid. If water be added when the 
colour ha.s developed, tellurium is thrown down in sooty flakejs, and exposure to 
moist air produces the same effect -vide tellurium sulphotrioxide. 
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E. Kmnkliii niid A. KrMiis found tind M'lofiir .ui^j is jii iKjuid 

ammonia, p. JiinnuMdi and W. Heiinanu obsorvotl that wh(*n solriiic acid is 
boiled with the hydrochloride of hydrozylamine, it is quantitatively r(Mlur(‘d to 
seleniuiT) ; and A. (iluibier noted that selonic acid is slowly reduced by phenyl 
hydrazine wdth cold, and rapidly in })oiling soln. A cone, alcoholic soln. of selemr, 
acid forms an addition coni])uund with })hcnyl hydraziiuv V. Lenher and 

J. If. Mathews found that nitrogen peroxide reacts with cone, sclenic acid, cooled 
with solid carbon dioxide, iormui^ rtitrosylselenfc arid, (N()) 2 Sc()^ - ndr 8. lit t)5. 
L. Rosenstein said that red phosphorus reduces the selenates oitlier to th(‘ (^lenient 
or })h(>s[)hide. For the action of phosphorus pentoxide, vide supra, selenium tii- 
oxide. (5 A. Cameron and d. Macallan observed that anliydrous selenic acid n^acts 
violently with phosphorus pentachloride in the cold; and with phosphoryl chloride 
when w'armed slightly—the reaction is attended ])y the copious evolution of gas, 
and reduction to lower compound. 

M. Diil)inin studied the adsorption of selenic acid by carbon. According to 
C. Fabian, cone, selenic acid reacts with alcohol witli the evolution of heat, forming 
ethyl selenate, and R. J. Elliot studied the action of the acid on methyl alcohol. 
C. (Jhabrie observed that benzene reacts with selenic acid, and 1 . Lstrati obtained 
what he believed to be plienyl selenide as a product of the action ; H. W. Douglity 
and F. R. Elder also observed a slow reaction between toluene and sehuiic acid. 
F. W. 0. de Foninck and E. (/hanvenet observed that formic acid when boiled wath 
selenic acid produces a dark reddish-brown precipitate of selenium ; and similar 
results were obtained with Oxalic, malonic, and pyruvic acids. The pr(‘C*ipitate 
resembles that jiroduced })y the action of sulphur dioxide on selenic acid. IMeither 
acetic acid nor succinic acid reduces selenic acid. A. R. Lamb found that 
selenic acid is energetically reduced by acetyl chloride at 

FI. Mitscherlich found that warm, cone, selenic^ acid dissolves copper and gold, 
hut not platinum, forming selenious acid ; an<lit dissolves ziuc and iron with the 
liberation of hydrogen. H. Hradecky fouml that alloys of gold, and silver, and of 
])alladium dissolve in selenic acid ; and that with platinum and silver alloys, the 
silver passes into soln. leaving the platinum imdissolved, H. N. Warren mentioned 
the jiossible effect of selenic acid as an impurity in the nitric^ acid on tin; parting 
])roee 8 S in the assay for gold. According to F. Hundeshagen, gold is dissolved by a 
hydrochloric acid soln. of selenic acid. A. E. H. Tutton found that iron in contact 
with selenic acid becomevS covered wdtli a film of selenium which greatly retards the 
reaction and renders this method practically useless. • No hydrogen is evolved, and 
the formation of the selenium would appear to be due to the reducing action of 
nascent hydrogen on the selenic acid, bH+HgSef> 4 =Se-f 4 H 2 O. The net result 
of such slow action as occurs may therefore })c rejuesented by the equation 
3 Fe-l' 4 H 2 Se 04 3 FevSe 04 “l- 8 e+ 4 H 2 ^* When the iron is replaced by zinc, hydro¬ 

gen is given oF, and very little reduction of selenic acid occurs. In the case of 
magnesium, hydrogen is also evolved, but reduction takes place to a considerable 
extent. C, A. C'ameron and E. Wv Davy found that when selenic acid is heated with 
an excess of mercury, mercury selenite is formed : Hg | H 2 Se 04 - H 2 O f HgSe 03 ; 
with an excess of selenic acid, the mercury selenite first formed reacts with the acid, 
forming mercury selenate. K. Hradecky showed that palladium, like gold ami 
silver, dissolves completely in selenic acid. Dissolution occurs at ordinary temp, 
when the metal is in the spongy condition or when it is finely divided if a 67 j)er cent, 
acid is used. When the coherent metal in the form of foil or wdre is used, soln. only 
occurs very slowly, even on heating. A deep, reddish-brown soln. is produced, 
which on concentrating gives a mixture of palladous selenate and selenious acid. 

K. Hradecky also found that cold selenic acid has no ap})recial)Io action on osmium ; 
at aliout 12 ()”,how"ever, 1 he metal i.s dissolved to form a colourless soln. which contains 
selenious acid and osmium tetroxide luit no selenate. fSelenic acid aid.s as a dilmsic 
acid, forming normal selenates, R 2 ' 8 c 04 , and hydroselonates, R'H 8 e 04 ; it also 
forms a number of complex salts; and also mixed salts—selenatosulphatc.si 
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Tlie aitii>ii of baHCS and .salts is tlicrcforc <lisciis.sc(l in connoftion with fho 

R. R. le Geyt Wornley and H. H. Rakor-^ ^ai<i that hath selenium trioxkle and 
chloroselenic acid react with liydru^tm <lioxide to form p6rS6l6niC ftCid, since a blue 
colour is produced with an alcoholic soln. of bcjizidine. L. M. Dennis and 
J. P. Roller electrolyzed soln. of potassium selenate and of selenic acid, under con¬ 
ditions most favouralile to the formation, under the analogous cases, of potassium 
persulphate or persul[)huric acid, but in no case was any indication of the formation 
of a perselenate or perselenic acid observed. K. Mulder inferred tliat because the 
electrolysis of a soln. of silver se.hmate produces no cluin^e, and of the fact that selenic 
acid is an oxidizing agent towards hydrochloric acid, a j>erseleni(‘ acid of the formula 
H 2 *Se 05 cannot exist. L. M. Dennis and D, W. J^rowm [irepared potSSSiuni per¬ 
selenate, K2Se2D8, by the electrolysis of a sat. soln. of ])otassium selenate containing 
a little free selenic acid ; platinum electrodes are em]>loyed, and the temp, is kept 
at 4'. The salt has not been obtainf‘d free from the selenate, the highest percentage 
of ])erselenate in the product being 74*44. I’otassium \)erselenate, when hot, 
converts manganese dioxide into jiotassiuni permanganate, and rajiidly oxidizes 
ferrous and thallous sulphates in tlie cold When an aq. soln. of the salt is wuirmed, 
oxygen is evolverl. They w'ere iina ble to ]>repare thallous perselenate from potassium 
})erse]enate and thallous sulphate because of the oxidation of the thallous sulphate 
in the cold. 
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§ 12. Selenates 

Rectangular plat/Cs of normal ammonium selenate, (NH 4 ) 2 Se 04 , were obtained 
by d. W. H(‘tgers i from a 8oln. of seleiiie acid neutralized with ammonia or treated 
with a slight excess of ammonia ; the salt was also made by von Hauer, and 
A. Fi. H. Tutton. F. C. Mathers and eo>workers obtained ammonium seleriate by 
the action of amniouiuni carbonate on barium or load selenate. C. von Hauer 
said that the rliombic crystals are isomorphous with those of ammonium sulphate. 
H. Topsoe found that the crystals belong to the rnonoclinic system, and have the 
axial ratios a:h : c— 1*2065 : 1 : 1*9013, and 64‘^ 27', and he added that the 
crystals are not related to those of ammonium suljihate; A. E. II. Tutton 
gave for the holohedral monoclinic ciystals 1*8900: I : 1*1987, and ^ -6F’ 31'. 
(\ F. Rammelsberg suggested that ammonium selenate must be dimorphous, one 
form being isomorphous with ammonium sulphate, but J. W. Retgers could not 
su])port tliis liyjiothcsis. A. E. H. Tutton tried crystallizing tlie soln. at various 
tem[)., but obtained only the rnonoclinic form; and similar results were obtained 
with soln. of the salt in glacial acetic acid. A. E. H. Tutton showed that the. 
rhombic crystals obtained by C. von Hauer gave a sj). gr. corresiionding with the 
presence of 27 per cent, of rhombic ammonium suljiliate, and that the ammonium 
selenate in the isomorphous mixture takes on the rhombic form. Some acicular 
crystals in C. von Hauer’s prejairation are muiioclinic. It is hence concluded 
that ammonium selenate is dimorphous, and the solifl soln. wliich the selenate 
forms witli the siil[)hate are isodimorphous. The crystals may be prismatic, acicular 
or tabular, twinning is common on a ])Jane perpendicular to tlu' normal to ((X)l). 
The (UK))-cleavage is jierfect; thi' ((K)|)- and (DID)-ch*avages are not as complete. 
'J’he optical axial angles are ; 


l.i liiK*. 

(’-liiM*. 

Xsi-Jliu*. 

TI-hiM*. 


59 ' J' 

59'^ 22' 

60 11' 

61 99' 

62 29 

97"in' 

97 19' 

97" 5 F 

98 22' 

9S 41 


J. W. Retgers gave 2*197 for the sp. gr., and O. Pettorsson 81*45 for the mol. vol. 
A. E. H. 'ITitton gav e 2*191 for tiie sp. gr. at 2</Yl'', and 81*12 for the mol. vol. Tlie 
to])ie axis ^ : i/j: oj 4*5939 : 1 2V)(>8 : 5* 1500. H. Schrikler also made some oliserva- 
tions on the mol. vol. A. E. H. Tutton gave for the refractive indices at ordinary 
temi>.—say HF’: 
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< Onu-. 


TMi/r' 

F-linr 

O-lino.. 

1 . 

1 rj.-tC) 1 

1-7571 

1-5007 

1-5011 

1 -5087 

1-5752 

JO 1 /:! . 

1 r>r>s4 

laoOJ • 

1 - 50:10 

1 -500.7 

1-57 i:i 

1-5781 

1 7 

1-7700 

1 7K0(i 

]'5840 

1 -5885 

1*59:15 

1-0005 

i ^ 

1 5.776 

1-7705 

1 -5509 

1-.7057 

1-5082 

-- 

HO { 0 . . 

J'7700 

l-75(kS 

1-5005 

1-504:1 

1 -5089 

—* 

1 7 ■ 

1-77(54 

1-7775 

1-7S52 

J -5852 

1-5900 


w ... 1 a ami /i 

1 -77711 

1-5701 

J-5.798 

1*5050 

1-5682 

__ 

1 * 

) 7 • 

J-7177 

1-7707 

1-,78(M 

1-.5843 

1-5890 

„ - 


Hi(‘ y a is tlter(‘for<‘for Li~ and ; ()-()239 for Nali^lit; 

0'()21l for tin* T1 liirlit ; ()*n21S for ; and n-()2r):J for fMight. Tlio sp. 

ndraciion for tin* f’-rav is a n lKiK. (M473, and y (V1519; and for tlu* 
(f'-ray, o 0-1507, j3 0-15M. and y 0-1551. The mol. refractions, respectively, by 
the and the forinnljc are a 2(M5 and 15-22 ; ^ -26-22 and 45*41 ; and 
y 27-0.5 and -n-ld lor tln‘ T-ray, Tin* indices of refraction for soln. containing 
lS-20 and 4:>-SS par cant, of ^alt in soln.. and liavinj^ flic nvsjieclivc sp. ^r. 1-5627 and 
1*5248 at 20 "1 ^ are: 



lil IlIM 

f lilt) 

X.i lijn . 

'J'Miii.- 

/’-lific. 

O'-fiiK*. 

1 -.■{O^'i 

1 ■ in(>7 

1107:5 

1-1098 

M122 

1-4154 

1-4198 

1 4:518 

1 m!io 

1 1990 

1-4020 

1 - 10:54 

1-407:5 

14114 


and i!n' inoj. lefracfioiav of flu‘ .'-all in soln. ar(* 1()*8l and 46*74 respectiv'cly. 
(\ Srliaidrr and M. SdinlH-rt examined th(‘ rt'liection ultra-red spectrum. 
A. K. H. Tutton lound tliat watei di.ssolves rather more tlian its own weight of salt 
at ordinary temp., and nearly twice its weight is dissolvc'd hy boiling water. 100 
parts of water diss(4\e 1 17 parts of s.dt at 7 \ 164 parts at 59° ; and J97 parts at 
lOO', so that tin' solubility is slightly greater than that of ])otassiuni selenate, and 
nearly twii'c as great a^ that of ammonium sul]>hat(‘. The super-soluliility curve 
is d(*rived from 142*5 parts of salt iu 100 parts of water at 25^ ; 150-22, at 19*5^ ; 
12t)*H, at lt)-2 : ‘ind J2b’)5, at I . Tfie super-solubility curve tlius runs ivearly 
paral]<*I wjth, and very (•los(‘ to. ih<‘ .solubility cur\'e at the lower temp, in the 
neighhoiirhood of ordinaiw tmnp., and that the two eiirvi'.s diverge from near 20° 
onwar<lsat an ara eleratiiig ratt* IJenei* at the ordinary temp, there is but a very 
narrow range of nu'tasttdhlitv hetwet-n the un.saturiited and the labile condition, 
wliili' tlie raiigt' is eon^idinably greater at a warm summer temp. Alcohol, and 
a(*clon(‘ do not apfircciahiy dissolve the salt; but it is freely soluble in glacial acetic 
acid. ('. A. Cameron and M. W. Davy found that all the liydrogen atoms can bo 
displaced by bivahml mercury; and when ammonium selenate is lieated, it loses 
<mimonia and forms ammonium hydroselenate, NH 4 (ll 8 e 04 ). H. Topsoe ])rcpared 
the hydrosoh'iiate by adding an exce.ss of selenic acid to an aq. soln. of ammonia ; 
and cooling t he liijuid. 'I’lic cryst-als are usually columnar, and rarely tabular. The 
s[). gr. is 2*162. NVlnm lu'atcd, the salt dec omjioscs into selenium, selenium dioxide, 
water and nitrogim. 

1C Kiinini and C. Malagnini ])repan‘d hydrazine selenate, N2lI.i.H2Se04, by 
mi.xing a soln. of .i mol of selenic acid (sp. gr. l-l) di.ssolved in 2 vols. of alcohol wdth 
a mol of iiydrazine hydrate (50 per eent.) in 4 vols. of alcohol at 0°. The salt, after 
hltratii)!!, is wai.shcd with ah'ohol, and ether. The salt is not very stable wdien dry ; 
it burns wln’ii heated, and if in large mas.ses it may explode. The salt is freely 
soluble in water ; and the mol. of salt iu aq soln. is N2II4.142^604. The strongly 
acid acp soln. soon bcioincs red owing to the separation of selenium. It forms a 
('oiujilex salt wdth ccqijier selenate (q.v.). d. Moyer and W. Aulich also observed 
tliat hydrazine hydrate and dil. selenic aiud furnish eoloiirleHs hydrazine hydro¬ 
selenate, wliieh is not di-composeil b}' boiling water. When dry, it is caused to 
(‘Xj)lod<‘ witJi unusual readiness hy heal, shock, or gentle trituration. It explodes 
vio](*nt]y on contact with hyiirochlorii; aci<i vayiour so that in analytical ])ractice, 
selenic acid and selenatea should be reduced to selenites by hydrochloric acid 
befori* hydrazine hydrate is added. 
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il. Topsoo j)rcj...r<'(l lithium selenate, l.iSe0.i.H.0, iu small uolourl»‘>"‘ crystals 
isomorphoiLs uuli the crro.spondiug sulphate., LiSt).,!!, ‘ 

. J. Weehter obtained tlie salt liy rousting the , 
se enide in air, and by roasting the corresponding 
carbonates with selenium or selenium dioxide, 
ihe axial ratios of the nionoclmic crystals are 
a:b:c^hem2: 1 :‘(>r>4t2, and ^ \n^':V2'. The 

coni[)lete. O. Pettersson gave 
; H. Topsiie, 2-4d9. (\ Hvh.wivv 
and M. SchulxTi examined the ultra-red reflection 
spectrum. M. Porn studied I lie pyroelectricity of 
this salt. At'cording to If. Topsde, the crystals 
readily soluble in water. 

K. Mitscherlich, (). IVdtersson and G. Pkman, and 
H. To]).sde made sodium selenate, Na.S(d)j, and K. Mitselierheli found tliat (he 
iinhydrous salt crystallizes from its aq. soln. when the tenqi (‘\<‘(‘e(ls tO 
r Weeliter o])taim‘d tin* salt as in the (‘ast* of hthiiim selenate , 

|T tv. lleider oxidized selenium dioxide by sodium dioxide, and 

P. Muller used an (‘lectrolytic jiroeess e/dc selenn acid. 1\ Xiggli gave 2*d2 for 
tlie sp. gr. Jt Metzner gave for tbe beat of formation in soln,, 2(>() (.Vds., and 
. (». Mixt<‘r, (‘^e()^,Na20) -lor>*‘i (als. C. f*^chaefer and M. Scliiibert ob.sorved 
the ultra-red ridlection spectrum. P. Walden found the eli'ctric.d couductivit}' of 
a soln. with a giam-ecjuualent of the salt in e litie.-. of watei .it 2.V to be : 

• • • . :t2 (>r I2S 250 512 1021 

.93 5 98-U 103 S ]07'2 100 0 112-5 

It. Mitscherlich, von Hauer, and H. Top.sde observed tbat if the .iq. soln. be 
<iUow(hI to evaporate s])ontam*()Usiy, the (iec(ifnf(h'((((\ NaoSidl^.lOH.,!), is formed in 
largo crystals isomorjihous with the corresponding sulphati*. Idle eipiiiibrium 
conditions in a<|. soln. aie indicated in Fig. 53, v\hicli is ba.scal on the solubility 
determinations of J{. Funk. Kepresonting tlio solubility, /S', bv the jiercentage of 
anhydrous salt iu the solu., and /S^^^ by the mols of anhyiirous salt in PK) rnols 
of w^ater : 


/S' 

SoIkI pllHf. 


0 ’ 

11-71 

1-20 


25-01 

3-18 


30-9J 
5 57 


:>()" 

4105 

7-50 


-15-17 
7-04' 


me 

4 MO 
7-03 


75' KHC 

42-83 42-14 

7-11 i; 03 


.Na^SeO^.lOir^O 


N l.SrO. 


riicTc* is thus a transition point at about 32 . J. Mc'yi^r and W. Aulich gave 31 •8'' 
for the transformation temp, of .sr/c- 


and A. Smiis and W. M. Mazee, 30*8'', 
and - 2-8° witli 0*2 per cent. ]Sla28c04, 
for the eutectic, and they gave for the 
concentration, S, of a sat. soln, in molar 
jiercentagcs of Na28e04 : 


7(e 

80 *' 

107" 

23 ‘^® 

202 " 

/S . . 6*7 

6-5 

0-4 

6 4 

0-5 

269*^ 

274" 

33 . 3 " 

372 " 

777* 

0 -C 

0-7 

7-G 

8-3 

100 

The results 

are 

plotted 

in Fig. 

54. 



'iG. 54. —High 3\mv- 
peraturo Stilubility 
of Soil iu Ill Selenatt.*. 


Fig. 55. - - Kquili- 
briuin Furvo t/f 
Sodium SoUMUit<i 
and \\ uter. 


at 777"—Fig. 55, rf. 1. I0, 1, Fig. 2. 

H. Topsoe foiiru] tlmt tlje monoclinic 
crystals have the axial ratios a : 6 : c-- M059 : 1 ; 1-238L and ^--K)7" 54'; the 
(lOO)-cleavage is complete. The sp. gr. 1-584 refers to crystals which had 
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iiiclusioiiN uf tlu* iiiolinT-liijuor ; luid 0. IVttcr^son Rmud l-()03 l*6t31 fur tlic sj). ^r. 
H. T()])h6o found the snit to be freely soluldo in water, and to be j^ronc to form 
supersaturated solu. M. Rorn stmlied the ])vrocleetrieiiv of lithium SOdium 

selenate, LiNaSe04.6H2^). 

E. Mitseherlich made potassium seienate> K2Se04, by fusing selenious acid or 
lead selenide with ])otassium nitrate ; V. Lenher and E, J. Weehter used the })rocess 
indicated aljove iji connection with lithbim selenate ; and E. Muller, the electro- 
oxidation firociss ra/c .suz/uy/. A, E. 11. Tutton found tliat it is ditficult to 
crystallize soln. of the alkali selenates in the open air under the ordinary moist 
conditions of the atm. ; and he n‘commcnded crystallizing the soln. over sul])huric 
acid under reduced press. Tlie pidasMum salt is generally dejiosited in large grou})S 
of much striated and distorted crystals, most frequently in irregular tri^ilets. 
E. Mitseherlich said that the crystals are rhombic ; II. Topsde mea.sured the 
axial ratios and A. E. H. Tutton gave (t:h:c - ()-5731 :1 : ()-7319. H. Topsbe 
and (\ (3iristiansen found the cleavage to be parallel to tlie (OR))- and (OOl)-planes. 

J lie toj»ic axes ar(‘ x 0*5731 : 1 ; 0*7310. E. Kochholrn and N. Sclionfeldt 
found that tlu* rhombic crystals an* isomorjihous with tliose of ])otassium cliro- 
mate and sul])hat(‘. Tin* unit c<‘ll of tin* s]>ac(‘ lattice contains 4 mols. and Jias 


7-60 A., 1, 
;le 

10*10 A., c 

6*02 A. 

E. If. Tutton 

found that 

tb(* o])t/ic 

2/-; . . 

J.j line. 

C-liuc. 

Nii-lini', 

rii-linc. 

F-nm\ 

115 12^ 

145^ 29' 

146^' 53' 

14S‘ 36' 

150' 13 

2//„ . 

70 2.^)' 

70^ 21' 

70^ 24' 

69" 5i' 

09" 35' 

2H o 

93 24' 

93^' 31' 

92^ 52' 

92" 20' 

or 47' 

21 

76 46' 

47' 

76^ 50' 

76^ 53' 

70" 57' 


Tlie etl’ect of temp, on the optic axial angle is slight. The optical character is 
positive. (). Potters.son gave 3*074 3*077 for the .sp. gr. at 18"-2r ; H. Topsoe, 
3*052 ; r. Niggli. 3*067 , and A. E. H. Tutton, 3*0657 at 2074". The mol. vol. 
given by 0. Petteisson is 71*91 ; by F. A. Henglein. 71*67 ; and by A. E. H. Tutton, 
72*02. The sp. gr of soln. with 35*76, 41*79, and 50*00 per cent, of K2Be04 are 
resjiectively 1*3591, 1*3485, and 1*5590 at 2074°. A. F. Haliimond discussed the 
mol. voLs. of the isomor])hous series. The indices of refraction given bv 
A. E. H. Tutton are : 


KlU I I 

,s|j. ;j:r. 
•4 1 7n .sp, gi', 
•5000 s[). gf. 


Li4iru' 

r-linc. 

1*5320 

1-5325 

1-5357 

1*5342 

1*5413 

1*5418 

1 527 (» 

1*5281 

1-5.307 

1*5312 

1-5353 

1*5,358 

1 3773 

1-3778 

1 3S61 

1-3S(»6 

1-398S 

1*3992 


Xa-llno. 

Tli-lino. 

1-5352 

1-.5383 

1-5.390 

1-5421 

1-.54 46 

1-5478 

1-.5310 

1-5.341 

1-5.340 

1-.5371 

1*5387 

1-5418 

1-3801 

1-.3819 

1-3888 

1-.3907 

1-4(0 5 

1*4038 


/'’-lino. 

O-Iino. 

1*5421 

1*5478 

1*5460 

1*5517 

1-5518 

1*5576 

1-.5378 

1 *5440 

1*5411 

1*5467 

1-5G58 

1*5520 

1*3846 

1-.3883 

1 -.3936 

1*3975 

1*4067 

1*4105 


Observations v\er(' also made by 11. Top.sbe aiul {’. Christiansen. A. E. H. Tutton 
gave for the sp. refraction with the for the C-line a ---0-1018, ^=--0-1012, 

and y -*01027 , and for ilie nail, refraction, respectivclv 22-48, 22-35, and 22-67, 
and witli the ^-forninla, respectively 38-65, 38-38, and ,39-05. The sp, dispersions 
fic.—fXQ are respectively 0-(M)21, (HHi-i-l, and ()-O025, and tlie, mol. disjamsions 
respectively (t'51, ()-5.1, an<l 0-55. C. Schaefer and IVl. Schubert measured the 
ultra-red reflection speetrtim. A. E. H. Tutton found that 100 grm.s. of water at 
12“ dis.solve 115 0 grms. of the salt , and A. Etard gave 110-5 grms. .it 0° ; 112-8 
grins, at 20 ; and 122-2 grm.s. at 1(H)'; and he rejiresented the soluhility, A', at0° 
between -20’ and KHi' by A'-- 52-{ 0-02.5^. J. Meyer and W. Aulich gave for the 
])ercentagc solubility, *S ; 

-O" 0" 20 40^ 80“ 100^ 

* • 51'5 ol*8 52 6 53*5 54*2 54*8 66*0 
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when* the solid is throughout K 2 SCO 4 . The mutual solubility curves of sodium and 
})otassiiim seleiiates shown in Fig. 56, at 25^, give no evidence of the formation 
of a comj>lex salt. A. E. H. Tiitton obtained isomorphous mixtures with ammonium 
selenate. 0. Pettersson, and A. E. H. Tutton prepared rubidium seleuate^ Rbj^ 8 e 04 . 
The salt is obtained in colourless crystals by evaporating over sul])huric acid in 
vacuo a cone. soln. of the carbonate in selenic acid. Lenher and 

E. , 1 . Weehter obtained rubidium selenate as in the case of the lithium salt. 
According to A. E. H. Tutton, the rhombic crystals have the axial ratios 
(i:h : c--()-570(S : 1 ; 0*7386. The cleavage is like that of the potassium salt. The 
topic axes are x ' ^ ^ o>^() r)909 : 1*0355 ; 0-7646. The optic axial angles are : 




C’-liiu*. 

Nft-lim*. 

Th-Iine. 


. . 

. 120' 2r/ 

J20' 34' 

12r 20' 

122® 3' 

122® 49' 

?Jia . . 

6P2' 

03 ’ 58' 

03® 44' 

63® 27' 

03’ 8' 

. . 

101’ 

lul O' 

100 ’ 40' 

too® ir 

99^ 44' 

. . 

08® 50/ 

08^ 65' 

68'53' 

68® 51' 

08® 49' 


3'hc angle 2 A’ becomes about 6 ° greater for UKP rise of tem]>. The optical charact(‘r 
is j)ositive. The sp. gr. is 3-8995 at 2 (P/*U, and tlie mol. vol. 80*32. P. Niggli 
gave 31!K)2; O. P(4t<*raso)i, 3 896-3*913 at ] 8 ''- 21 ‘^, and the mol. vol. 79*97. 
F. A. Uenglein gave 79*94. A. E. H. Tutton found that the sp. gr. of 
40*60 atul 47*07 [)er cent. soln. are respectively 1*4688 and 1*5806. A. F. Halli- 
mond discussed tlie mol. vols. The refractive indices at about 20°, and 100° are : 



JJ-linc. 


Na-liue. 

TMinc. 

/’-line. 

<7-line. 

/ 1 ° ' 

1*5482 

1*5487 

1*5616 

1*5647 

1*5580 

1-5640 

20 p . 

i*5504 

1*5509 

1*5537 

1*5670 

1-5009 

1*5008 

1 y 

SoIkW 

1-5549 

1*5554 

1*5582 

1*5615 

1 *5065 

1*6715 


1*5450 

1*5456 

1*5478 

1*5609 

1*6540 


100® iS 

. 1*5409 

1*5474 

1*5497 

1-6527 

1*5664 

— 

\ 1 y . 

. 1-5501 

1*5600 

1-5629 

1-5560 

1-5697 

— 

^ , V 1-4088 hp. Kr. . 

. 1-3740 

1*3760 

1*3772 

1-3796 

1*3820 

1*3800 

i 1*5800 sp. gr. . 

. 1-3842 

1*3840 

1*3805 

1*3888 

1-3915 

1*3964 


The s]). refraction with the /x'-^-formula for the C-line is a- 0-0819, 0-0816, and 

y “0-0825; the respective mol. refractions are 25*64, 25*55, and 25-83; the 
mol. refractions with the /Li-formula are respectively 44-28, 

44-10, and 44*64 ; the sp. dis{)ersions /xn —fic are all 0*0019, 
and mol. dispersions 0-61. The solubility at 12° is represented 
by the dissolution of 158-9 grins, of rubidium selenate*, in 
100 grms. of water. A. E. H. Tutton obtained isomor- 
phous mixtures with ammonium selenate. O. Pettersson. 
and A. E. H. Tutton ])rej)ared cmsium selenate, Cs^SeO^, 
by the method used for the rubidium salt. V. Lenhei and 
E. J. Weehter obtained ca-sium selenate as in the analogous 
case of lithium selenate. The axial ratios of the rhombic 
(Tystals are a : h : r-- 0 - 57 ^Kl: 1 : 0*7424. The cleavage is like 
that of the potassium salt. The tojiic axes are : 0 : co 
-- 0*6159 : 1*0806 : 0*8022. The optic axial angles are : 



J.i-liiii*. 

('-line. 

Xa-llne. 

Th-llne. 

C-llne. 

2 iy 

. , 135® 0' 

134® 40' 

132® 20' 

130® 40' 

128® 20' 

2//a . 

. . 70® 08' 

70® 3' 

08® 9' 

07® 3' 

06® 9' 

2//0 . 

. . 101® 5' 

101 ® 8' 

102 ® 8' 

103® 7' 

104® r 

21 « . 

. . 73 ’ 29' 

73® 7' 

71® 49' 

70® 18' 

08® 58' 


^ /(Pi? 

A ^ 







L 





S. 

§1 

t 


0 X iO 60 80 


Kig. 56.—Mutual 
Solubilities of 
Sodium and Po* 
tasBinm Sole- 
nates. 


Within the range of temp, of 280°, the first median line is parallel to each of the three 
optic axes a, h, and c in turn ; and the plane of the optic axis crosses from c(OOl) to 
b(OlO), so that the crossing at 95° is accompanied by a temporary assumption of 
uniaxial ])roperties; the birefringence changes from negative to positive, and then 
from ])o.sitive to negative ; the angular change in the mutual positions of the optic 
axis lietween these temp, limits is over 200°. The optical character is negative. 
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P. Ni^rjnrli gavr I-4r>6 for the ; O, Pettersson, 4‘3I for the sp. gr., and IH-G 

for the mol. vn], A K, H. Tutton gave 1-4528 at 20 /4" for the sp. gr., and 91-67 for 
the mol. vol. F. A. Hengleiii gave 91*09 for the mol. vol. A. 1^. llallimoiid dis- 
eus.sed the mol. vols. A. E. H. Tutton foun{l the sp. gr. of Holn. with 45-94 and 
53-43 per cent, of the salt were resj)eetiv(‘ly T5811 ami 1-7132 at 20°. The indices 


of refraction 

were : 

Li liiir. 

r Inu. 

Na-Une 

Tli-liue. 

2^"-line. 

^7-IIne. 

( 

( 

a 

. 1*5950 

1 5955 

1-5989 

1-0024 

1-0070 

1-0128 

i 

20 

ft ■ 

1-5900 

1 5905 

1-5999 

1-0034 

1-0080 

1-6148 

Soli<l } 

1 

y 

1 5900 

1-5909 

J -0002 

1-002S 

1-0084 

1-0152 

( 

11 

1-5899 

1 -5904 

1 -5929 

1-5975 

1-0021 

- 

i 

100 { 

ft • • 

1-5901 

1 50<Mi 

1-.5941 

1-5977 

1-0022 

- 

\ 

1 

y 

1 591 :] 

1 59 IS 

1 5952 

1-59H9 

1-0025 

- 

Kohl. 1 

ir)K4i 

Sj). 

. I :i8IO 

l-.28n 

1-2S27 

1-2857 

1-2882 

1-2919 

1-9422 

sp. gr. . 

. J .2925 

1-2929 

1-2902 

1-2984 

1-4012 

1-4052 


Th<^ sp. refiaetiofi with the /x- fornuila for the C-line an* a 0*0765, P 0-0764, and 
y- 0*0765, ami the mol. refractions 31*25, 31*19, ami 31*23 respectively; the mol. 
refractions with tlu* /i-forniula aie 51*76, 54*(»3, and 54-72 resf)ectively; the sp. 
flisjicrsions /X(j-“ an* all 0*0019, and the mol. dispersions 0*77. For the solubility, 
1 (K) grins, of vvat<‘i at 12 ’ dissolve 214*8 gnus, of the salt. 

A s(4n. t)f normal potassium seli-naO* mixe<l with an (*q. amount of selenic acid 
and evai)orat<Ml by heat, or over cone, sulphuric* acid, furnishes some tabular 
crystals of an acid selenate, and the mother-licpior deposits colourless crystals of 
potassium hydroselenate, KHScO,, isomorphous wdth the corresponding sulphate. 
The salt was ])re]>ared by E. Mitscherlich, J. Meyi-r and V. Stateezny, and 
II. Tof)soe 'riie latter gave for the axial ratios of the rhomliic bipyramids 
a : h : c 0*8()80 : J : T9375. The optic axial angle is 2r 85° n(‘arly. lb Gossner 
gave 2-64 for the sp, gr. ,1. M<‘ver and Y. Stat(‘czny pr(*pared an unstable potassium 
pjrroselenate, KM|SeO; 3 (Se() 4 )l, from potassium hydroselenate. It melts at 280°. 
»l. F. Norris and W. A. Kingman obtained liygrose.ojiic crystals of rubidium hydro- 
selenate, RbllSeOj, by adding to rubidium carbonate twice the amount of selenic 
acid necessary lor neutralization. They are soluble in their weight of water; 
and likewise* also with caesium hydroselenate, CsI 18 e() 4 , wdii(*h furnishes large, 
flat plates with pointed ends, which an* also very hygroscopic. G. ]*ellini discussed 
the isomor])hism e)f rubidium liydrosclcnate with the hydrotellurate. 

E. Mitsch(‘rli(4i, 11, Topsoe, and R. Metzner, jirepared copper selenate, (/uSe 04 , 
from a soln. of cujiric oxide or of a basic selenate in selenic acid-'-'CUpric oxide pre¬ 
pared by lu‘ating co}>})er nitrate, dissolves with greater difficulty than the jirecipitated 
oxide. AVheii the soln. is eva]>oratcd to a syrupy Ihjuid, and cooled, it furnishes 
crystals which can i)c dried on filter-paper, and recrystallized from hot-water. 
V. lA-nher and (\ 11 . Kao obtained a soln of the salt by the action of the acid on the 
carbonate. 11. Tojisde found that the resulting blue,triclinic,prismatic crystalsof the 
'pc'tiiahydralf, (^uSe 04 . 51 l 20 , are isomorphous with the pentahydrated sulphate; and 
they have t he axial ratio's a : 5 : c- 0*5675 : 1 : 0-5551, and a--- 8 ] ° 58', 106° 34', 

andy- 103° 11 The cleavage is not distinct; and the sp. gr. is 2-559. R. Metzner 
found tliat the heat of formation from selenic acid is 18-125 Cals., and from its 
elements, l35-f 8 Cals. The molar heat of soln. is -— 2-66 (Ws. J. 0. Perrine observed 
no ultra-viol(‘t Jluorescenee when co]>per selenate is exposed to the X-rays. The salt 
is soluble in water ; a litre of the sat. soln. at 15° contains 257 grins, of salt; at 35 °, 
346 grins. ; and at 55°, 435 grms. A soln. of the basic salt in cone, selenic acid was 
found by R. Metzner to yield white or colourless plates of the dihydratc, 
Cu 8 e 04 . 2 Hv >0 ; and the pentahydrate. at 10 ()^, forms the nmwhydrate, CuSe 04 .H 20 . 
C. Schaefer and M. Schubert (‘xamined the ultra-red reflection spectrum. 
L. M. Dennis and J. P. Koller obtained copper tetramminoselenatey CuSe 04 . 4 NH 3 , 
by passing ammonia llirougli a .solm of 100 gnus, of pentahydrated copper selenate 
in 125 c.c. aq. ammonia of s]). gr. 0-96. Clusters of deep-violet crystals were 
formed. The salt so obtained is the tmnohydraie, CuSeO 4 . 4 NH 3 .H 2 O, and it can 
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he ])reservecl over lime, hut in air it heconioa dull and gives off aiumonia. The salt 
dissolves in water, foruiiiig a deep blue soln. It he(‘oiuos anhydrous Avlien kept for 
7 days over lime in a desieeator at 25 nini. pre.ss. If the numohydrate lie ke})t 
J4 hrs. at 2lV\ and then exfiosed to a sloweurrent of air at room teiu]). for 10 hrs. 
more, copper triamminoselenatey CuSe()4.3Nll3.1I.20, is formed. The dilution of 
the cone. aq. .^oln. results in the ])reeipitation of a basic salt. R. Metzner found 
that a soln., sat at 50 \ decomposes at 70 , forming copper OXydiselenate, 
Cu(()H)2.2(hiSr()4 ), w jii(‘h when washed with cold water and druHl consists of 

small pale green, monoclinic prisms of the trtralnjdratCy Cu(()H)9(7iSe04.41l.d), 
or(‘u(O.Se(L.().(^uOIl)o.Glf/), sparingly soluble in cold water. P. Bogtlan (ibtaiiied 
the {'ii(()H)^.2(’uSe()4 3IUO, (hi(O.Se02.0.Cu()U)w.3iLt), by heating 

a 10 ])er cent. soln. of normal copper s<‘lt‘nate in sealed tube^ at 2l0 -250 for 
several hours. It forms minute, transjiartmt, cnn'rald-grecn, prismatic < lystais, 
insoIu])l(‘ in wati'r but easily solubk* in acids When heated at about 250’, the salt 
loses water and decomposes with liberation of s(‘lenium. fact that the salt 

do('s not lose waiter at 210 ' is not regarded as <‘viden('e that the waiter is not present 
in the hnan of water of hydration. W. Jamge [uepared COPpcr tctramminoselenate, 
(hiSeOj 4Nlf^.2ILO ; and iihi> copper <hv(ln//(h(inuniNosclrnate. 11. Topsdi* found 
tliat a soln. of ammonium and copper sehmati's furnishes ]>ale blue crystals of 
ammonium copper selenate, (Nn4)o(hi(Sc()d^.GHoO, whicli nve stable in air, and 
isomorjihons with tlic corres])on(iing suljihatc. The moiioelinic jirisms hav(‘ tlie 
axial ratios a :b' ( 0-74H(S : I : 0-5120, and {3 105' 32i' ; A. K. H. dhitton gave 
0*747() : I : O-olbO, and /3 105 30', and for the topic axial ratios 

5-3858 : 8-1093 : 4*3308. 11. To[^soe fouml the (201 )-cleavage to be x‘om])Iet<‘. 

hi. H Tiitton hmnd for the oj)tu‘ axial angh‘s ,'it 14° : 
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109' 13' 

109'5' 

2\7t 
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54" 3r 

5 4 10' 
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The angh' 2A’increases 8' on raising the temperature from 14° to 70’. Ji. I’opsot* 
found the s]>. gr. to b(‘ 2*221. A. E. H. Tutton gave 52*223 at 2074°, for the 
sp. gr., and 220*54 for the mol vol. J. A. Uroshaus made some observations on 
this subject. The indices of refraction found by A. R. H. Tutton are : 


1 1 lllK 

(' line. 

Nu-liiu-. 

'I’l lino. 

CfMinc. 

f’-lino. 

(Mino 

1 5I(.l 

1-51()(> 

1-5201 

1-5235 

l-525() 

1-5278 

1-5342 

1-5304 

1-5309 

1-53 44 

1 5379 

1 5 402 

1-4424 

1-54SS 

1-5317 

1 -5352 

1-5387 

1-5 423 

l-5U(i 

1-5009 

1-533 4 


H. d'opsoc and (\ (’hnstiansen nuuh* some obsCTvations on tliia subject. 
A. E. H. Tutton found that at 70^^ the refractive indices increase by aliout ()“00I8 
for a rise of tcnij). of 50°. The mol. refractions for the (’-line by the/x-formula for 
a, P, and y are res[)ectively 113*98, I 18*14, and 118*0‘9 ; and the sp. refractions by 
the /4°-foi’mula, 0*1350, 0*1390, and 0*1101 respectively; the mol. refractions 
55*71, 58*25, and 58*71 res})ectively ; the sj). disjiersioiis are all /xij—ytt - 0*0039 
and the mol. disf)ersions respectively 1*89, 1*91, and 1*94. C. von Hauer 
found that the salt cannot Ijc dehydrated without decomposition. J, Ferguson 
found for the eipnlihrium }>ress. for the reaction: (Nir4).>0u(8e()4)o.5lbA) 

. 7NH4)2(5i(Se04)..2Ho0 I 4IL() : 

2r> ^ 30(5'' 40(0 .-iOS (50 3^' 70 4 

Press. . . 2 8 7-5 JO-5 25-3 tS-f; 00-8 rmn. 

F. Rimini and 0. Malagninimade hydrazine copper selenate, (N.2H5)(5i(Se()4)ii..ULO), 
isomorphous with tlie corresjamding sulphate. It gradually decomposes wdien 
kept. H. Ripan j^rejiared a numlxT of cop}>er ]>yridinos(‘lenates. E. Mitscherlich 
prepared potassium CUpriC selenate, K2(hi(Se04)o.5H20, in a similar wniy. H. Topsue 
showed that the monoclinic prisms have the axial ratios a:b: C“- 0*7489 : 1 : 0*5230, 
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and 19'; A. E. H. Tuttoii f?ave 0*7508 : 1 : 0*5143, and -103^ 25'; and 

topic axial ratios are : i/r: a» -6*1819 : 8*2338 : 4*2347. H. Topsoe found that the 
(201)-cleavage is distinct. A. E. H. Tutton gave f(»r the o])tic axial angles : 



J-i-liiic. 


Nji'liuo. 

Tl-Jiiif. 

Cd-line. 

F-llne. 

2//a 

. 33' 

79" 28' 

78" 50' 

78" 17' 

78" 3' 
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. 81" 33' 

33' 

81 33' 
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88" 3' 
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The angle 2E is invisible in air owing to tlie magnitude of the true angle. H. Topsoe 
found for the s]>. gr. 2*527. A. E. H. Tutton gave 2*539 at 2074°, and for the mol. 
vol., 209*66. The indices of refraction are : 



Li-line. 

(Mine. 

Na-liiu‘. 

TMine. 

(M“lino. 


7'’4iiie. 

a 

. 1*5003 

1*5008 

1*5101 

1-5132 

1*5150 

1*5171 

1-5230 

p 

1-5100 

1*5195 

1*5228 

1-5200 

1*5280 

1*5308 

1*5308 

y 

. 1-5312 

1*5317 

1*5349 

1-5380 

1-5400 

1*5428 

1*5391 


The refractive indices diminish by about 0*0020 for a rise of temp, of 60°. 
H. Topsoe made some observations on the indices of refraction. A. E. H. Tutton 
gave for the a, jS, y axes the sj). dispersions /xq /xc * 0*lX)31, 0*0031, and 0*(K)33 
respectively; the mol. dispersions, 1*68, 1*77, and 1*7(> respectiv^ely ; the .s)i. 
refractions for the C-line and the ^.- formula, 0*1172,0*1196, and 0*1220 resjiectively; 
the mol. refractions 82*37, 63*69, and 64*94 ; and with the jit-fornuila, the mt)l. 
refractions 106*26, 108*92, and 111*48 respectively. The crystals are stable in air ; 
they are sparingly soluble in water; and when the aq. soln. is heated, a green 
crystalline basic salt is precipitated. J. Ferguson found for the equilibrium press, 
of the reaction K^ 0 u(SeO 4 ) 2 . 6 H 5 iO--KiiCu( 8 e 04 ) 2 . 2 H 20 H Ill^O : 

1" I 45 1'* ,50 7* 01-7“ 

I'resH. . . JJ *8 21-7 3t)-5 55*3 79*9 137-2 mrn. 

A. E. H. Tutton prejiared rubidium copper selenate, Rb 2 Cu( 8 e 04 ) 2 . 6 H 20 , from 
a mixed soln. of theoretical proportions of the component salts in the presence of 
a dro]) of selenic acid in excess. The monoclinic, tabular crystals have the axial 
ratios a : b : c —0*7495 : 1 : 0*5066, and j3-~104® 44 '. The topic axial ratios are 
X ' ^ ' CO—6*3179 : 8*4295 : 4*2704. The cleavage parallel to the (201)-face is 
perfect, and that parallel to ( 010 ) is good. The o])tic axial angles are : 
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The optic 

axial angle 2E increases 12° as the temp, rises up 

O 

o 

o 

The ST), gr. is 

2*839 at 20 /4 , and the mol. vol. 219*94°. The indices of refraction are : 


Ll-lliu*. 

Na-liiip. Tl-lini'. Cil-lino. 

F-line. 

(/-liJie. 

a 

. 1*5117 

1-5I22 ir.ir.3 Jr>i8r> ir>204 

1-5226 

1*5284 


. 1*5140 

1-5152 1-5283 1-5210 1-5237 

i-5257 

1*5317 

y 

. 1*5280 

1-5280 1-5318 1-6354 1-6376 

1*5390 

1*5401 


The refractive indices decrease about 0*0020 for a 60° rise of temp. The sp. dis¬ 
persion fora,^, and y are respectively--0*0028, 0*0028, and 0*0030, and the 
mol. disj)ersion, 1*75, 1*77, and 1*87 respectively. The sp. refractions for the (/-line 
and the /x--formula are resjjectively 0*1057, 0*1063, and 0*1086 ; and the mol. 
refractions 66*02, 66*35, and 67*79 respectively ; and with the/x-formula, re.s 2 >ectively 
112*65, 113*32, and 116*26. J. Ferguson found for the equilibrium press, of the 
reaction Rb 2 Cu(Se 04 ). 2 . 6 H 20 ^-^iRh 2 Cu(Se 04 ) 2 . 2 H 20 + 4 H 20 : 

‘280" 41 r 49f>^ 3i)l’ 74 8^ 

Press. . 8*0 J3*6 24*4 42*4 77*9 192*0 min. 

A. E. H, Tutton ])repared caesium copper selenate, CsoCu{Se 04 ). 2 . 6 H ,0 as in 
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the case uf the rubidiiiiti salt. The monoclinic, prismatic crystals have the axial 
ratios a:h:c~ 0-7398: 1 : 0*4981, and -105^ 42'. The topic axial ratios are 
^ : tp : o) --6*4378 : 8 7022 : 4*3346. The (20l)-cleavage is perfect; and the (010)- 
cleavage is good. The ojdic axial angles are : 
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The optic axial angle 2E (’hanges only about 1 as tlie temp, rises to 75 "'. The sp. gr. 
is 3*073 at 2 (r/r\ and the mol. vol. is 233*79. The indices of refraction are : 


lij-llIK . 

a . . . 1-5243 

P . . . 1-5250 

y . . . 1-5355 


C-lim*. Na*lino. 

1-5248 1-5282 

1-5204 1-5298 

1-5360 1-5394 


TMiiu'. ('(Mine. 

1*5310 1*5335 

1-5332 1-5352 

1-5427 1-5447 


/’•line. O'-line. 

1-5335 1-5410 

1-6372 1-6434 

1-5407 1-5530 


The refractive indices increase about 0*0017 for a 60® rise of temp. The sp. dis- 
])ersions for a, P, and y are respectively /juG — fic-- 0*0027, 0*(K)27, and 0*0026, and 
the mol. dis])er 8 ions respectively 1*91, 1*93, and 1*91. The s]). refractions for the 
U-line and the /x- formula are respectively 0*0997, 0*0994, and 0*1015 ; and the mol. 
refractions respectively 71*62, 71*81, and 72*90: while with the rnol. refractions 
with the /^-formula arc 120*69, 123*07, and 125*31 respectively. J. Ferguson found 
for the equilibrium press, of the reaction Cs 2 Cu(Se 04 ) 2 . 6 H 20 ^:~C^ 82 Cii(KSe() 4 ) 2 . 2 Hi,() 
+4II2O: 

27 7'’ 30-0" 42-7" OO-O” 50 2° 65-2’ 

JVcsH. . . 22-8 37-9 31*7 81-1 125-9 104*5 mm. 


E. Mits(‘}ierlich obtained silver sclenate, Ag 2 Be 04 , as a white mass on treating 
silver carbonate VNith selenic acid. V. Lenher and 0. H. Kao also ])re])ared the 
silver salt by double decoin])o.sitiori of silver nitrate and calcium sehujate. If the 
suln. in ammonia be slowly evaporated, rhombic crystals are [)roduced, which, 
according to C. F. Kammelsberg, liave the axial ratios a : h : c - 0*5945 : 1 : 1*256. 
J. W. Ketgers said that the rhombic })yramids are isomorphous with silver 
and sodium suljdiates ; and that they form isomorj)hous mixtures with sodium 
sclcnate. V. Niggli gave 5*72 for the sp. gr. E. Mulder observed no change 
w'hen an electric current is ])asBod through a sat. aq. soln. of silver selenate 
- 0*835 grm. per litre- for 72 hrs. J. Krutwig found that chlorine does not attack 
silver selenate. V. Lenher and 0. H. Kao said that a litre of water at 20° dissolves 
1-182 grins, of silver selenate. E. Mitscherlich prepared an ammine analogous with 
the amininosulphate, and which therefore may be silver tetramminoseleiiate, 
Ag 2 Se 04 . 4 NH 3 . Tt is obtained by cooling a sat. soln. of silver selenate in warm, 
cone., aq. ammonia. The transparent, tetragonal crystals, according to 
C. F. Kammelsberg, have the axial ratio a : c~-l : 0*338. The crystals gradually 
lose ammonia on exposure to air ; and dissolve freely in water, and in aq, ammonia. 
The addition of potash-lye to the soln. precipitates fulminating silver. P. Ray 
and J. Dasgupta obtairxcd silver hezammeseleiiate, Ag 2 S 04 . 2 (CH 2 ) 6 N 4 . 12 H 2 (). 

V. Lenher obtained gold selenate, Au 2 (Se 04 ) 3 , from a soln. of gold in hot, cone, 
selenic acid at 230°-30C)°—some vapour of selenium dioxide is at the same time 
evolved. The small, yellow crystals are decomposed by light becoming coloured 
dark green and bronze. They are insoluble in water ; and form a reddish-yellow 
soln. with selenic acid; they are soluble in sulphuric and nitric acids, and with 
hydrochloric acid, they form chlorine, selenium dioxide, and auric chloride. 

L. Michel kept a molten mixture of sodium selenate and calcium chloride with 
a little sodium chloride for about 2 hrs. at a dull red-heat; and, after slowly cooling, 
extracted the mass with water, wlien crystals of calcium selenate, CaSe 04 , remained. 
E. Mitscherlich, and C. von Hauer treated a soln. of calcium nitrate with potassium 
selenate, the precipitate dissolved in cold water, and separated out when the soln. was 
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vVfirrii(*(J. \ . Lcjilior and ('. IJ . Kao also obtained the salt l>y pn^cipitatioii. IJ. Vor- 
lander and W. lleinpel observed fio traiisforniation of th(* crystals of tlie alkaline 
eartli selenates into an isotropic form when heated. The acicidar'crystals of the 
(Ilhi/dmie, ('aSe 04 . 21 L 0 , so obtained are inonoclinic*, and isomorphoiis with gy})sum. 
II. Topsoe gave ‘i’bftl for the sj). gr. ride infra. According to ('. von Hauer, 
the salt loses O-b per cent, of Avater at KKf ; the ])artially dehydrated salt hardens 
with Avater like plaster of Paris ; and the salt is less s(^lnble in liot than it is in cold 
A\atcr. J. Meyer and W. Aiilich found the d(‘hydration curve shoAved the existence 
of the anhydrous salt, the heniUtydratv, (’aSe() 4 .HPD, the hcmifriliydrate, 
PaSe 04 .UHi>() ; and the dihydrate; and the percentage solubility, >S, with the 
dihydrate as the sole stable phase, to [)e : 

0’ IK :iu" 40 r>()'' (>o’ 

,S' . . 7-52 7 C>r» (i‘84 (**20 5-80 r) ()3 


The mutual solubility of sodium and calcium selenates is illustrated by Fig. 57 
The region of stability of sodium calcium selenate, Na 2 Pa(Se 04 ) 2 , 2 H 20 , is shaded 

in the diagram, JC is the solubility curve 



MolsCdSeO^ 

h’KO 57.--Mutual 

SoJiihihih's of 

Sodium and (’al- 
( ium Sol(*nat(‘!rj. 



Mols.CdSeC^ 


Fig. 58. — Mutual 
Solubilities of I’o. 
tasKiuTu and Cal- 
< min Siilenateh. 


of Na 2 Se() 4 . 10 H 2 O; and BD, that of 
(hSeO ^.21120 ; and CD, that of the com- 
])lex salt. The concentrations are in mols 
|)cr litre at 25°. Similar remarks apjily to 
Fig. 58 representing the mutual solubility 
of potas.siurn and calcium selenates. The 
complex salt, potassium calcium selenate, 
K 2 Se 04 .(^a 8 e 04 . 2 H 20 , is formed. L. Miclml 
])repared strontium selenate, 8 rSc() 4 , by 
the method used for the calcium salt. 
V. [.(Cnher and E. J. \\ echter obtained this 


salt as in the (*ase of lithium selenate, and 


Lenher and (\ H. Kao obtained the salt by precipitation. L. Michel found 
that the rhombic crystals have the axial ratios a : h : c- 0-7800 : 1 : 1-2892—r?dc 
mpra. H. Eose, and Michel }>re]iared barium selenate, BaSc 04 , in a similar 
manner, and A. Schafarik obtained it as a white, amorphous precipitate by pre¬ 
cipitation as in the analogous case of barium sulphate. H. Eose found that 
the ])reci})itate is more prone to adsorb foreign salts than is the case with 
barium sulphate. V. Lenher and F]. J. M^echter obtained this salt as in the 
case of lithium selenate ; and V. Lenher and 0. H. Kao obtained the salt by 
pretapitation. L. Michel said that tlie rhornliic crystals have the axial ratios 
a : h : c-~ 0-8088 ; 1 : 1*3060. F\ Einne studied the crystals of barium and strontium 
selenate ; and H. (1. Grimm, the mixed crystals of barium selenate and 2 )ota 8 siiira 
permanganate. A. Schafarik gave 4*67 for the sp. gr. at 20°; P. Niggli gave 4-75 ; 
F. A. Henglein and E. Eoth gave for the sp. gr. of barium, strontium, and calcium 
selenates, respecth^ely 4-61, 4-25, and 2-88 ; Ij. Michel, respectively 4-75, 4*23, and 
2-93 ; and F. A. Henglein and E. Eoth respectively 66-9, 54-3, and 63-4 for the mol. 
vols. O. Pettersson found that barium selenate is not changed at dull redness, but 
Avheu more strongly heated, it forms the selenite, Avhich is stable provided reducing 
gases are absent. J. J. Berzelius said that at dull redness hydrogen reduces the 
selenate Avith incandescence to selonide under conditions where the sulphate is not 
changed ; C. Stammer found that carbon monoxide converts it at a dull red-heat 
into selenium and carbonate ; and H. Eose, that repeated calcinations with 
ammonium chloride transform it into selenium and barium cliloride, and selenite. 
The precipitated stdenate is rathe]’ mor<'soluble in water and dil. acids than is the 
case with llie sulphate. <). l^•<^er^.son found that KX) c.c. of cohl water dissolve 
0-0118 grm., and boiling Avab-r, 0-0L38 grm. L. Michel found that the crystals are 
insoluble in Avafer and in cold, com-, nitric at id, but slowly solublci in the hot, cone, 
acid. J 4. Berzelius said tliat it is incompletely decomposed by sulphuric acid ; 
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jnid (>. l^etl<Tss()ii, tliai when Ix/iled JO luins. with dil. IiydrothloTK m id, it is l oin- 
])Ietely redueed to selenite. H. Rose found ihat a (‘oM, aq. soln. of sodimu or 
potassium eaiLonate deconijmses it com})let<dy in 21 hrs., and Fj von (^erh lden 
utilized the reaction in the jiurification of selenic acid. .1. Meyer and W. Friedrich 
dissolved barium selenate in selenic acid, and found that the soln. behaved in a 
w^ay analogous to a soln. of the sulphate in cone, sulphuric acid. By electrolysis, 
selenatobaric acid, can be accumulated in the anode coTn])artment ; 

and a cone. soln. of selenic acid, sat. wdth barium selenate, de]>()sits crystals of the 
selenatobaric aci<l. 

A. Atterberg yircjijired crystals of beryllium seleuatc, l3(‘Sc04.4H20, from an 
aq. soln. of beryllium in selenic acid. 11. Toj)sde found that the rhombic bipyrainids 
have the axial ratios a : b : c 0-9G02 : 1 : 0*9028. The salt loses 1G'G3 per c‘ent, of 
water at KK)"^; A. Atterberg said lG-90 per cent. The. salt is fretdy soluble in water. 
J. J. Berzelius, iu\d E. Mitscherlich prepared magnesium selenate, MgSeO4, from a 
soln. of magnesifi in selenie arid. E. Mitscherlieli said that if the teiuf). is below 15°, 
])risinatic crystals of the hcpaJnjdrate, MgSe04.7IIo0, are formed- If. Topsoc 
said at aliout 4°, and thought that the crystals are isoinory)hons with the hepta- 
liydrated snlyihate. E. Mitscherlich said that if the temp, is over 15 , crystals of 
the hexahydralc, MgSe04.GH20, are formed— 11. Topsoe said 6° to 8', and added that 
the colourless, transparent crystals are isomorphous wdth the corr<‘sponding sulphate. 
The axial ratios of the monoclinic crystals are a : b \ c ^1*3853 : 1 : 1*G85(), and 
98° 32'. The (J01)-cleavage is comyilote , and the sp. gr. is 1 -928. The crystals 
are stable in air. A soln. of a<£. proportions of ammonium and magnesium selenates 
furnishes transparent, well-formed tabular or y^rismatic crystals of ammonium 
magnesium selenate, (NIl4)2Mg(Se04)2.GH2(), 'wideh, according to A. E. H. Tutton, 
are isoinorjihous witli the yiotassiuni salt, and the corresy)onding suly^hate. 
The isomoryihoiis series, li.112(8004)2.Gifi^O, was discussed by W. Orloff, 
and A. E. H. Tutton. The monoelinic prisms have the a.\ial ratios a:h:c 
- ()-742<); 1 : 0*4964, and 106° 27', II. Topsoe and C. OhristiauMui made con¬ 
cordant observations. The (201)-clcavage is complete. Tlie toyuc, a.xes are 
X '.ijj’.Oi) 0*3299 : 8*5310 : 4-2.365. The oydic axial angles are : 

Ll-nie. C-line. Na-llue. TMmo. 

. . . 88^ J2' 88" ir 88" 4' 87" 5.r 87" 25' 

2/!.’fit?:)' . . 70" 45' 76" 40' 70" l.V 75" 50' 75° 15' 

2// . . . 49" 48' 49" 44' 49" 0' 49" 0' 49=20' 

2Hn .108" 8' 108"!' 107" 34' 107" 7' 100" 42' 

2Va .54" 67' 54" 55' 45= 47' 64" 33' 51" 4' 

H. Topsoe gave 2*035 for the sp. gr.; P. Niggli, and A. E. H. Tutton, 2*058 at 2074° ; 
the mol. voL is 219*42. The indices of refraction are : 




Li-iru*. 

C-Une. 

Na-Iine. 

Tl-Iine 

F-linc 
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( a 

1*5025 

1*5029 

1*6062 

1*5095 

1*6135 

— 

75 

P 

1*5040 

1*5044 

1*5076 

1*5108 

1*6148 

- 


1 7 

. 1*5110 

1*5120 

1*5153 

1*5187 

1*6227 
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The sp. refractions by the /xMormula for the C-line are a ”0*1438, ^ 0*1444, and 
y:^^0*1462 : and the mol, refractions respectively 04*95, 65*19, and 66*0; while 
with the /X-formula, the moL refractions are 110*54, 11T02, and 112*69 respectively. 
The sp. disyjcrsions/ xq—/ xc are all 0*0040 and the mol. dLsj)ersions 1*80. C. Scliacfer 
and M. Schubert measured the ultra-red reflection spectrum. C. von Hauer said 
that the salt is freely soluble in w^ater ; and that the water of crystallization cannot 
be expelled without decomyiosiug the salt. J. Meyer nml W. Aulidi found the 
percentage solubility, N : 
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The ice-heptahydrate eutectic is at “7*45^ when 9-2 cent. MgSe04 is in sol in 
The metastable soln. has the percentage solubilities of 31*2 and 32*1 at 4*7^^ and 7*5° 

respectively. There is a transition point 




at 8", 23*3 ]>er cent. Mg8e04 for the 
transformation of the heptahydrate and 
hexahydrate. Tlie dehydration curves 
show the existence of the inonohydrate, 
th<' dihydrate, Cie hexahydrate, and 
the Jieptahydrate. No sodium mag¬ 
nesium selenate was obs(*rved to lie 
formed ))y J. Meyer and W. Aulich. 
The mutual solubility curve of the two 
salts is shown in Fig. 59. The concen¬ 
trations are in mols ]>er litre at 25®. 

H. To])so(*, and A. E. H. Tutton pre¬ 
pared potassium magnesium selenate, K2Mg(Se04)2.bH‘iO, as in the case of the 
ammonium salt. The colourless, rnonoclinic j)risms were found by A. E. H. Tutton 
to have the axial ratios a :h : c "0*7485 : 1 : 0*5031, and jd—106® 18'. The topic 
axes are x: ip : a) 6*2124 : 8-2998 : 4*1756. The optic axial is 2F^i=39® 43' for the 
Li-line ; 39® 42', for the T-line ; 39® 38', for the Na-line ; 39® 34', for the Tl-linc ; 
and 39® 25', for the FAine. H. Topsoe gave 2'33() for the sp. gr., and P. Niggli, and 
A. E. H. Tutton, 2*365 at 20®/4®, and for the mol. vol., 208*60—F. A. Henglein gave 
210*2. F. Ephraim studied the mol. vol. According to A. E. H. Tutton, the indices 
of refraction are : 


Fig. 59. - Mutual 

Solubility of So- 
Hiiinn and Magne- 
Bium SelenatoH. 
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The h]i. refractions witli the /i--formula and the (’-line, are a-0*1231, jS 0*1236, 
andy—0*1266 ; the mol. refractions, 60*74, 60*98, and 62*48 resjiectively ; and with 
the //.-formula, the mol. refractions are respectively, 103*08, 103*54, and 106*57. 
The sp. dispersions /xq—/ xc are 0*CK)32,0’(K)32, and 0*0033 respectively, and the mol. 
disjiersions 1*56, 1*56, and 1*62 respectively. The salt is freely soluble in water. 
J, Meyer and W. Aulich found that the ternary system: MgSe(_)4~K28e04-ILO 
at 25® shows the existence of the hexahydrate, k2Mg(So04)2-6H20, and the teira- 
hydraie, K2Mg(Se04)2.4H20. In Fig. 60, AC is the solubility curve, in mols per 
litre at 25®, of K2Se04 ; BlJ, that of MgSe04 ; and CD, that of the double salt, 
MgSeO4.K2KSeO4.6H2O. 

A. E. H. Tutton prepared rubidium magnesium selenate, Rb2Mg(Se04)2.6H20. 
The colourless monoclinic prisms have the axial ratios a:b : r=^0*7424 : 1 : 0*5011, 
and 105® 14'. The topic axes are x • ^ • m=6*2885 : 8*4705 : 4*2445. The optic 
axial angle 2F^-=47® 26' for the Li-lme ; 47® 24', for the C-line ; 47® 3', for the 
Na-line ; 46® 37', for the Tl-line ; and 46® 6', for the F-line. The sp. gr. is 2*604 at 
20®/4®, and the mol. vol. 218*15. F. Ephraim studied the mol. vol. The indices of 
refraction are : 



Li'lino. 
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0-line. 
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jS . . 
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The sp. refractions with the /x2-formula, and the T-line, are a=:0*1093, 0*1096, 

andy— 0*1115 ; the mol. refractions, 63*97, 64*18, and 65*30 respectively, and with 
the /x-formula, the mol. refractions are respectively 108*70, 109*12, and 111*37. 
The sp. dispersions/x(}-—/xc are 0*0027, 0*0028, and 0-(K)29 respectively, and the 
mol. dis]>erRions respectively 1*61, J *62, and 1*70. 

A. E. H. Tutton also prepared emsium magnesium selenate, Cs2Mg(Se04),6H20. 
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The colourless niouocliiiic jmsins have the axial ratios a :h : c--0*7311 : I : 0*4960, 
and P 106'' 17'. The topic axes ^ : ip : oj - 6*3807 : 8*7239 : 4*3270 4’he sp. ^r. 
is 2*939 at and the mol. voL, 231*20. F. A. Henglein gave 232*8 for the mol. 

vol. F. Ephraim also studied the mol. vol. A. E. H. Tutton found that the indices 
of refraction are : 


ni-lmc. 


Na-lliie. 

Ti-linc. 

/'’-liiK . 

(J-lmv. 

1*5143 

1*5148 

1*5178 

1*5210 

1 -.5248 

1 5304 

1*5145 

1*5150 

1*5179 
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1*5248 
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1*5201 
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The sp. refractions with the /x“-formiila and the U-line are a—0 1026, ^ - 0*1(^26, 
and y-~ 0*1035 ; the mol. refractions are respectively 69*70 69*72, and 70*36 ; i nd 
with the jLt-formuIa, the mol. refractions are 119*02, 119*07, and 120*36 respectivt !y. 
The sp. dis[)CTsions 0*(X)26, 0*0026, and 0*0027 respectively, and tJie mol. 

dispersions 1*77, 1*75, and 1*78 respectively. 

E. Mitsch(*rlich pr(‘])ared zinc selenate, ZnSe04, in soln. l>y the action of the acid 
on the carbonate or hydroxide, and found that when the soln. is eva])orated at 
ordinary temp, it furnishes crystals of the hexahydrate, ZnBe()4.6H20. V. Leidier 
and C. H. Kao also obtained a .stdn. of the salt by the action of the acid on the 
carbonate. According to H. Topsoe, the tetragonal crystals are isomorphous with 
the corresponding nickel sulphate, having the axial ratio a : c 1 : 1*895, and the 
sp, gr. 2*325, H. Topscie and C. Christiansen gave for the refractive indices : 

nimv A'-lliiP. /Miiu*. 

f, . ... 1 5427 1*6307 1*5291 1*5255 

f . . . 1*5105 1*5148 1*5039 1*5001 

E. Mitschcrlich found that if the soln. be crystallized above 30'', the prntahydraic, 
ZnSe04.51L)0, is formed. H. To])sde gave for the axial ratios of the triclinic crystals 
a:h\c 0*5829 : 1 : 05586, and a -109^^ 21', 109° 20', and y -104° 27'. The 

crystals are isomorphous with the manganese and cobalt salts. When heated to 
50° some water is given off. C. Schaefer and M. Schubert studied the 
ultra-red rebeciioti s[u‘ctrum. H. Topsoe prepared ammonium zinc sclcnatc, 
(NH4)2Zn(Se()4).t)H20, in colourless, monoclinic crystals i8omor})hous with th(‘ 
corresponding sulf)hate. The axial ratios are a:h:c 0*7416:1:0*5062, and 
75° 53'; A. E. H. Tutton gave 0*7409 : J : 0*5040, and jS - 73° 46'. The habit 
is either prismatic or thickly tabular. The cleavage is ])arallel to (201). 1'he 
toj)ic axes are ^ : j/r: oj=—6*2742 : 8*4684 : 4*2681. H. T()])soe gave 2*200 for the 
sp. gr., but A. E, H. Tutton said that this is too low, the actual value is 2*261 at 
20°/4°, and the mol. vol., 217*73, J. Ferguson found for the equilibrium press, 
of the reaction : (NH4).Zn(Se04)2.6H20;F^(NH4)oZn(Se04)2.2H2()+4H20 : 
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H. Topsoe and 0. Christiansen gave 2Frt=81° 22'. The indices of refraction are 



Li-liiK*. 

Cline. 

?4a-liue. Tl-llne. 
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H. Toj)86e and V. (‘liri.stiansen mado some ob.siTvations on this subjort. According 
to A. E. IT. Tutton, the sp. refractions with the /x--foruiula for the C-line 
are a~()-JrM6, O-iab'), and y 0-1377, and the mol. refractions respectively 
66-26, 66*88, and 67-77 : tlie mol. refractions witli the ^-formula are resjx'ctively 
113-35, 114*63, and 1 Hr46. The s]>. <lispersions/X(i fi(' are all 0-0038, and the niol. 
dispersions res])ectively 1-85,1-88, and I -89. C. Schaefer arni M. Schubert examimMl 
the ultra-red reflection spectrum. E. Rimini and G. Malagnini oi>tainod hydrazine 
zinc selenate, from a mixed soln. of tlie component salts. When 

the w'hite juoduct is heated on a ])latiniim foil, it gives oiT red vapours without 
exploding. It is sjiaringly soluble in water, but more solulile than the (‘0]>per salt. 

G. N. Wyroubof! made potassium zinc selenate, K2Zn(Se04)2, from a soln. of 
the component salts, and at 70' 80", ihe ({ifnjdntte, K2Zn(Se()4)o.2H2D, se]>arates 
out. The colourless, columnar crystals art- said to be isomorphous with the corre- 
sponding ferrous and caOmiinn sail-^: and to l)(‘Iong to the triclinic system and to 
have tlie axial ratios a:h\ c -0*7060 : I : 0*4335, and a- 82' 52', ^ 41', and 

y-^-84" 46'. Twinning occurs about the (lOl)- and (lOl)-])lanes ; and the optic 
axial angle 2E -102". 11. Topsoe gave 145 for the mol. vol. A. E. H. Tutton 
obtained the hcxahydraic, K2Zn(Se04)2 6H2O, from a soln. of the coriijionent salts. 
The axial ratios of the moiioclinie crystals art' a :h : c - 0-7458 : 1 : 0*5073, and 
j3™104^ 12'. The topic axial ratios are ^ : iff: oj (*>*]8r2 : 8-2880 : 4-2045. The 
optic axial angle 2Fa“66° 12' for the Jd-line, 66' 13', for the (’-line ; 66° 15', for 
the Na-liue ; 66° 17', for tlie Tl-line ; and 66" 20', for tlie /'-line. II. Topsoe and 
(\ Christiansen gave 2*538 for the sji. gr., and the mol. vol. 212*0 ; A. E, H. Tutton 
gave the respective values 2-5580 at 2074°, and 208-8. F. Ejdiraim studied 
the mol. vol. J. Eergu.soii found the eipiilibrium ]>ress. of the reaction : 
K2Zn(8e04)2.6H2()^K2Zri(Se0.i)2.‘2H:>0 + HImO : 

313’ 42 () 48*5’ .^7 2'’ 713" 

Press. . . 23*(> 50*7 75*4 120*3 218*3 rnin. 

The indices of refraction are : 

Ll liiu*. r-Iln(‘- iVa-Iino. TMim*. ('i-Inu', 

1*5087 1*5092 1*5121 1-5151 1*6189 1*5244 

1*5110 1-5151 1*5181 1*5212 1*6252 1-5207 

1*5297 1*5302 1*6336 1-5369 1-5410 1-5471 

The optical cliaracter is positive. The sp. refractions with tlie ix^-lovmula and the 
(’-line are a ™0*1168, ^—0*1179, and y=^0-1208; and the moL refractions 62-37, 
62*98, and 64-52 respectively. The mol. refractions with the /x-formula are 106-32, 
107-55, and 110*7 respectively. The sp. dis])ersion8 are respectively 0-0029, 0-0030, 
and 0*(X)32, and the mol. dispersions, 1-56, 1-59, and 1-71. 

A. E. H. Tutton made rubidium zinc selenate, Rb2Zn(Sc04)2.6H20, from a 
soln. of the component salts. The moiioclinie prisms and plates have the axial 
ratios a : 5 : c-=0-743l : ] : 0-5019, and /?^105° 16'. The (20l)-cleavage is 
perfect. The topic axial ratios are : i/r: co -6*2913 : 8-4662 : 4-2492. The 
optic axial angle 2F«- 75° 16' for the Li-line; 75° 14', for the (7-line; 75° 8', 
for the Na-line ; 75° 2', for the Tl-line ; and 74° 55', for the /'-line. The topic axial 
ratios are x • ^ * co=6*2903 : 8*4662 : 4*2492. The sp. gr. is 2*368 at 20°/4°, and the 
mol. vol., 218*35. F. Ephraim studied the mol. vol. According to A. E. H. Tutton, 
the indices of refraction arc : 

Li-Ilnc. t'-Iine. Ka-llne. Tl-Iioe. J'-Uno. O-Unc. 

I-5129 1-5134 1-6162 1-6194 1-6233 1-6288 

1-6188 1-6193 1-6222 1-6263 1-6203 1-6361 

1-6294 1-6299 1-6331 1-6366 1-6406 1-54C6 

The optical character is positive. The sp. refractions with the /Lt^-formula and the 
CMine are 0-1049, ^-0*1059, and y=0*1077, and the mol. refractions 65-67, 
66*30, and 67-44 respectively. The mol. refractions with the /^-formula are 112*10, 
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113’39, and 115-70 respectively. The sp. dis])ersious —/x(; are res]>eotive]y 
0*0026, ()*0027, and 0*0028 ; and the mol. dispersions 1*65, 1*69, and 1*76. 

A. E. H. Tutton made caesium zinc selenate^ (V.Zn(Se 04 ).. 6 H.O, from soln. 
of the component salts. Tlie axial angles of the monoclinic crystals arc 
a:h: c- 0*7314 : 1 : 0*4971, and ^ ~10G^ 1 U. The (201)-cleavage is perfect. The 
topic axial ratios are ^ : cu—6*3710 : 8*7106 : 4*3300. The optic axial angles 
2F^ are 83 33^ for the Li-line ; 83^' 30', for the C-line ; 83'* 6 ', for the Na-ime ; 
82^ 43', for the TMine; and 82" 14', for the Fdine. The s[>. gr. is 3*1153 at 2071 '^ 
and^the mol. vol. 232*77. F. Ephraim studied the mol. vol. According to 
A. E. H. Tutton, the indices of refraction are 



Li-litie. 

(’-line. 

Na-linc. 

Tl-lmu. 

A'-liin , 

O'-hne 

a 

. . 1*5290 

1-5295 

1*5320 

1-5358 

1 5399 

1*5459 

P ■ 

. . 1*5320 

1*5331 

1*5302 

1*5394 

1*5435 

1*5195 

V 

. . 1*5375 

1*5380 

1 5412 

1*5040 

1*5488 

1*5519 


The sp. refractions with the /^--formula, and the (’-line, are a 0*0989, /I --0*0995, 
andy 0*1002 ; and the mol. refractions 71*23, 71*63, and 72*18 respectively. The 
mol. refractions with the /x-formula are respectively 123*19, 123*02, and 12Mf). 
The sp. dispersions /X(- ar(i 0*(X)25, 0*0025, and 0*(X)26 re.spectively ; and the 
mol. dispersions T83, 1 *83, and 1*88 reispectively. 

C, von Hauer i)repared cadmium selenatc, C( 18 e 04 . 2 IL 0 , l>y spontan(H)iis 
evaporation, or by cooling a soln. of the cadmium carbonate in selenic acid. Thv 
salt readily forms supersaturated soln. The rhombic crystals were found by 
H. Topsde and C. (.'hristiansen to be isomorphous with the corresponding manganese 
salt, and to have the axial ratios a :h : c—0*9753 : 1 : 0*8764. The (010)>cleavage 
is distinct. H. To[>sbe gave 3*632 for the sp. gr. of the colourless, transparent 
crystals. 0. Schaefer and M. Schubert studied the ultra-red reflection spectrum. 

G. N. WyroubofT prepared a soln. of ammonium cadmium selenate, (NH 4 )i>Cd(Se() 4 )^, 
by mixing a soln. of the component salts, and at 70", crystals of tlie dihydraiv, 
(NH 4 )Cd(Se 04 ) 2 . 2 H 20 , are deposited. They are clear and colourless, and stable 
in air. The axial ratios of the triclinic crystals are a: b: c 0*7277 : 1 : 0*4418, 
and a™80" 1 ', j8—106" 9', and y~-91" 34'. The (lOl)'cleavage is ])crfoct, and the 
(OOl)-cleavage is not so distinct. The optic axial angle 2A^^I40". H. Topsde 
gave 2*397 for the sp. gr., and 162*5 for the mol. vol. Wlien a soln. of the component 
salts was crystallized at ordinary tern])., colourless jilates of the hexalnjdraU\ 
(NH 4 ) 2 Cd(Se 04 ) 2 . 6 H 20 , were obtained by C. von Hauer, and H. Topsde. I’lie 
monoclinic crystals have the axial ratios u :b: c 0*7388: 1 : 0*5(K)1, and 
j3=106° 4.U. C. F. Raminelsberg said that the crystals are isomorphous with the 
corresponding sulphate. A. E. H. Tutton gave 0*7413 : 1 : 0*5026, and ^ --106" 1 '. 
The topic axial ratios are ;)(*. 0 : co=6*3045 : 8*4988 : 4*2715. The optic axial 
angles are: 

Li-llno. C-llnc. Ntt-linc. Tl-liiif. cd-linc. 

2Fo . 103° 65' 103° 49 ' 103° 29 ' 103" 11' 103° 0' 102 ' 47' 

2Fo ■ 76° 6' 76° 11' 76° 31' 76° 49 ' 77° 0' 77' 13' 

H. Topsde gave 2*307 for the sp. gr., and A. E. H. Tutton, 2*450 at 2074", and the 
mol. vol., 219*99. The indices of refraction are : 




C’-liiie. 

Ntt-liiie. 

TMiiio. 

0(Mine. 

i^-line. 


a 

1*5107 

1*5172 

1*5200 

1*5242 

1*5262 

1*428.3 

1*5340 

P • 

. 1*5221 

1*6227 

1*6260 

1*5296 

1*5315 

1*5338 

1*5393 

y • 

. 1*5311 

1*5317 

1*6362 

1*6380 

1*5408 

1*5427 

1*5485 


The sp. dispersions, (jlq — nc, for a, j3, and y are 0*0034, 0*0033, and 0*(K)33, and the 
mol. Aspersions 1*81, 1*78, and 1*78. The sp. refractions for the G-lirie and the 
/x2.formula are respectively 0*1235, 0*1246, and 0*1264; and the mol. refractions 
66*57, 67*17, and 68*14, while for the ft-formula, the mol. refractions are 113*78, 
114*99, and 116*97. H. Topsde said that the crystals are stable in air at a low temp.. 
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but at 20 ^, the surface becomes matt, and a film of the dihydrate is formed. C. von 
Hauer, H. Tofmoe, and G. N. Wyrouhofl prepared crystals of potassium cadmium 
SClenate, K 2 Cd(Se(> 4 )^. 21120 , from a soln. of the comjKment salts. The colourless, 
tabular, triclmic crysials art* stable in air, and they have the axial ratios a :h : c 
— (>•7239 : 1 : 0-461*i, and a 86 ' 28', 84*^ 46', and y - 101 ° 55'. C. von Hauer 

also made observations on the crystals. The (loi)- and (101 )-cleavages are distinct ; 
and twinning occurs about the jdanes (lol) and ( 101 ). The optic axial angle 
2 A'™ 47°. C. von Hauer said that the salt can he recrystallized from water without 
decomposition. H. Topsoe gave 3*376 for the sp. gr., and 152*0 for the mol. vol. ; 
G. N. Wyrouboff gave respectively 3*388 at 16°, and 151*4. The hexahydnite, 
K 2 Cd(Se 04 ) 2 . 6 H.^ 0 , has not been ])re])ared. A. E. H. Tutton obtained rubidium 
CSdnuum sclenate, R}) 2 (>M(Se 04 ) 2 . 6 >HM(), in monoclinic crystals with the axial ratios 
a:h \ C”0*7402 : 1 : 0*5026, and ^ 105° 7'. The crystals are metastable at ordinary 
temp, and down to 0 °, and de(*ompose to a lower hydrate. Optical and density 
determinations could not b(‘ made. Holohedral, prismatic, monoclinic crystals of 
Csesium cadmium selcnatc, (\H 2 Cd(Se() 4 ) 2 . 61 l 20 , w^ere obtained with the axial 
ratios a\h: c--0*7319 : 1 : 0*5011, and j^~106° 22'. Owing to the rapid passage 
of the salt to a lower hydrated form, density and optical measurements were 
unsatisfactory. 

(\ A. Cameron and E. W. Davy added selenic acid or alkali selenate to mercurous 
nitrate and obtained a greyish-white, amorphous ])recij)itate of mercurous selenate, 
Hg 2 Se 04 , whicli blackims when exj)osed to light for a short time. It is sj)aringly 
soluble in water ; insoluble in hydrochloric ayid ; and passes into mercuric selenate 
when boiled for a short time with nitric acid. By adding sodium selenate to a soln. 
of mercurous nitrate, E. Kohler - obtained a white j)reci])itate which becomes yellow 
when washed, and a little passes into soln.—- presumably by liydrolysis of the jionnal 
salt. When dried at 1(X)° the comjiosition is said to be that of mercurous oxypenta- 
selenate, ng 20 . 5 Hg 2 Se() 4 . 11 becomes grey when ex})osed to light; and w hen heated 
behaves like mercurous selenite. It is immediately blackened by ]>otash-lye ; 
when boiled with nitric acid it is but little attacked, and it turns white ; and when 
heated w^ith hydrochh^ric acid, selenium separates out. 

According to F. Koliler, red mercuric oxide is not attacked by selenic acid ; and 
mercuric chloride does not give a ]>reei})itate with sodium selenate. C. A. Cameron 
and E. W. Davy heated freshly juejiared mercuric' oxide with selenic acid ; and 
evaporated the liltrate to dryness so as to drive off the excess of free acid ; there 
remained m 6 rcunc selonate, Hg 8 e 04 ; a similar jirodiic’t was obtained by adding an 
excess of selenic acid to mercuric acetate, and treating the liquid in a similar manner. 
If the soln. in sekuiic acid he sfiontaneously evaporated, it furnishes white crystals 
which are soluble in hydrochloric and sulphuric acids; the salt is hydrolyzed liy 
water, forming a basic salt and selenic acid. F. Kohler eva])orated at a gentle hcuii 
the mother-liquor from the basic salt and obtained small, warty, yellowish-grey 
masses with a fibrous structure, consisting of the ‘»u)nohif(lrale, HgSe 04 .H 20 . This 
substance melts easily when heated, and gives off first water, and then selenium 
dioxide; it also furnishes mercury, mercurous selenite, and finally mercuric oxide. 
It forms a basic .salt with mercury, and with alkali-lye it yields mercuric oxide. 
F. Kohler made mercuric dioxyselenate, 2 Hg 0 .ngSe 04 All 20 , by treating freshly 
precipitated mercuric oxide with hot selenic acid. The same substance is jiroduced 
by the action of water on the normal salt; and C. A. Cameron and E. W. Davy 
obtained it as a precijiitate by treating mercuric acetate with a soluble selenate or 
selenic acid. According to F, Kohler, the product is red like basic lead chromate ; 
but when dried in air, or at 100°, >t becomes brown. When heated, it 
blackens and gives off water without melting ; then mercury vapour, and selenium 
dioxide are evolved, leaving mercuric selenate behind. When heated to a still 
higher temp., mercuric oxide remains. It is insoluble in cold nitric acid, but soluble 
in the hot acid ; it is freely soluble in hydrochloric acid ; it forms mercuric oxide 
when treated with alkaJidye; and, added C. A. Cameron and E. W. Davy, it is soluble 
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in hydrochloric, nitric, sulphuric, and selonic acids ; it is sparin/jly soluble in water 
— 1(X)0 c.c. of w^ater dissolving 0-0967 grm. They could not ]>repare an acid 
mercuric selcnate. C. A. Cameron and E. W. Davy, and V. Hensgen prepared 
dimercuriaininoiiium S6lenate» (NHg 2 ) 2 ^^^'^^ 4 - 2 H 20 , or, according to E. C. hVanklin, 
(H 0 .Hg.NH.ng) 2 Se 04 , mercuric hydroxyamidoselenate» or selctuite ofMtlUm's 
by dissolving mercuric dioxyselenate in cone., aq. ammonia, and adding an excess 
of water. The white precipitate blackens in light, and when strongly heated it gives 
off nitrogen, ammonia, and water vapour leaving a residue of basic mercuric 
selenate. It is freely soluble in hydrochloric acid, and in cone. aq. ammonia. 

J. J. Berzeliusfound that aiuminium selenate, Al 2 (Se 04 );t.?jH 2 (), resembles 
the sulphate in many res})ects, and forms basic salts under similar conditions. 
J. Meyer and L. Speech showed that n is probably 10 , making the formula 
[A 1 (H 20 ) 6 ](Sc() 4 ) 3 . 4 H 20 . They made it from a w^arm soln. of 10 ]>arts of aluminium 
chloride, AICI 3 , and 21 parts of sodium selenate in as little water as possible. The 
soln. was cooled with ice, and half its voL of glacial acetic acid added. White 
crystalline aluminium selenate separated out. The washed product w^as purified 
by dissolving it in as little waiter as possible, ])recipitating with alcohol, wasiiing 
with alcohol and ether, and drying in vacuo. The salt is freely soluble in water, 
and the acidity of the soln. shows that a little hydrolysis occurs. The salt is 
])reci})itated from its acp soln. by alcohol, or acetic acid ; and barium chloride gi\es 
a ])recipitatp of barium selenate. 

By dissolving aluminium hydroxide in an excess of selenic acid and neutralizing 
the excess of selenic ai'id with ammonia, J. J. Berzelius obtained a soln. whiidi fur¬ 
nished crystals of ammonium aluminium selenate> (NH 4 )vSe 04 .Al 2 (Se() 4 ) 3 . 24 H 2 D, 
or (vmDionmm sclmatoaJuminatey (NH 4 )Al( 8 c 04 ) 2 .] 2 H 2 O. C. h\ibre obtained the 
salt from soln. of the component selenates. E. Wohlwdll also prepared this salt. 
Ac(’ording to (j. Ekman and 0. IVttersaon, the sp. gr. is 1-893. When heated, 
w'uter is given off, then ammonia, and filially selenium oxide. C. Fabre also pre¬ 
pared analogous salts with methylamine, dimethylamine, trimethylamine, 
ethylaminc, dietliylamine, tnethylamine, and propylamine in jilace of ammonia. 
E. Wolilwill ])rej)ared sodium aluminium selenate, Na2Al2(Se()4)4.24H20, or 
sodium selenatoalumiiiate, NaAI( 8 e 04 ) 2 . 12 H 20 , by crystallization from a soln. of 
the component salts. The octahedral crystals eiiloresce on exposure to air ; and 
are freely soluble in cold w^ater. V. Fal)re prepared the salt in an analogous 
manner, and 0, Ekman and O. Pettersson found that the sp. gr. 2-072 is less than 
that of tlie corresponding sulphate. R. Weber, E. Wohlwull, (k von Hauer, and 
C. Fabre made potassium aluminium selenate, K 28 e 04 .Al 2 (HeD 4 ) 3 . 24 H 20 , or 
potemium Hiivnaioalwmiwite, KAl(Se 04 ) 2 . 12 H 20 , from a soln. of an e(p of selenic acid 
mixed with 0-25 eq, of potassium carbonate and 0-75 eq. of aluminium hydroxide. 
R. Weber gave 1-971 for the sp. gr. of the octahedral crystals; G. Ekman and 
O. Pettersson, 2 -(X)l at 20*5'^. R. Weber said that the salt intumesces when heated, 
and as the last of the w^ater passes off, some selenium oxide is also given off. 
It is more soluble in water than ordinary alum. C. Fabre, and G. Ekman and 
0. Pettersson also prepared octahedral crystals of rabidium aluminium selenate, 
Rb 2 Se 04 .Al 2 (Se 04 ) 3 . 24 H 20 , or rubidium selenaioaluminaie^ RbAl(Se 04 ) 2 . 12 H 20 , 
in octahedral crystals more soluble in water than ammonium, potassium, and 
sodium alums. G. Ekman and 0. Pettersson gave 2-137 for the sp. gr. at 18®. 
Similarly also with ceesium aluminium selenate, Cs 2 Se 04 .Al 2 (Se 04 ) 3 . 24 H 20 , 
or ccBsium seknatoaluminate, C 8 Al(Se 04 ) 2 . 12 H 20 , prepared by C. Fabre, and 
G. Ekman and 0. Pettersson. The latter found the vSp. gr. to be 2-224. 

L. M. Dennis and J. A. Bridgman^ prepared gallium selenate, Ga 2 (Se 04 ) 3 .l 6 H 20 , 
when dried in air at ordinary temp., and when crystallized at room temp, it is pro¬ 
bably a docosihydro-te. The salt was obtained by digesting gallium hydroxide in 
excess in nearly boiling selenic acid for several hours; filtering off the excess of 
gallium hydroxide; and evaporating at room temp. The crystals are dried by 
suction. They show oblique extinction and are therefore monoclinic or triclinic. 
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The salt dissolves in water, for at 100 parts of soln. contain 57-58 grms. of gallium 

selenate, A mixed soln. of gallium and ca*sium selenates, and selenic acid furnished 
crystals of CBBSium gaUium selenate, an nlumof the composition CsGa(Se 04 ) 2 . 12 H 20 . 
The salt is soluble in water, so tlmt JOO ))arts of soln. at 25' contain 4-15 grms. of 
the alum. 

F. C, Mathers and C. G. Schluederberg obtained indium selenate, 
1112 ( 8004 ) 3 . 101120 , from a soln. of indium hydroxide in selenic acid. The white, 
hygro.scojhc cr^'stals are freely soluble in water. F. Kuhlmann found that a soln. 
(*f thallous carbonate in selenic acid furnishes jirisnialic nee<lles of thallOUS selenate, 
Tl 2 S(‘ 04 . P. S. Oettinger prepared the salt from a soln. of thallium in selenic acid. 
According to F. Kuhlmann, the crystals are isomorphous with thallous and potassium 
sulphates, and, according to J. W Hetgers, with the selenates of potassium, rubidium, 
and cjesium. Aceording to A. E. H. Tutton, the holohedral, rhombic crystals are 
usually }>Tismatie, rarely tabular. They have the axial ratios a :h: c 
0-5551 : 1 : 0-724:1 The (100)- and ((K)l )-cleavageB are distinct. The topic 
axial parameters are : i/r: 1*1124 ; 4*()7f>3 : 5*3189. The optical character is 

lu'gative. The ojdic axial angle for Na-, and the F-line are respectively 
2 /y„ 89° 18', 88° 45', and 88° 20' respectively ; and 2Far-73° 18', 72° 58', and 
72 ‘ 22' respectively. The sp. gr. is 6*875. The indices of refraction are : 

Ijl-Iint*. Na-lino. Tl-line. 

a . . . . ISHTO Ii»S(»() 1(K>4(» 1-9782 1-9987 

p ... . 1-9331 l\mr> 1-9493 1-9635 1-9840 

y ... . 1-9426 1-9450 1-9592 1-9737 1-9942 

The sp. refractions fora,)3, andy with the(^-rayand theju--formula are0*0703,0*0695, 
and 0*07(X) respectively, and the mol, refractions, 33*45, 38-05, 38*31 respectively, 
and witli the ^-formula, 75*63, 74-47, and 75*23 respectively. The salt is sparingly 
soluble in cold water, but more solnl)le in hot water. 100 grins, of water at 9-3° 
dissolve 2*13 grms. of salt; at 12°, 2-4 grins. ; and at ]()0°, 10-86 grms. Thallous 
selenate is therefore less soluble than the sulphate. The electrical conductivity 
of t he arp soln. found by E. Frnnke, for an eq. of the salt in v litres of water, at 25°, is : 

c, . . . ;{2 04 128 250 512 1024 

A. . . . 101-3 113 2 121-0 120-4 130-0 133-4 

If tlie thallous selenite be mixed with an excess of selenic acid, and the soln. allowed 
to stand in a cold place, crystals of thallous hydroselenate, TlHSe 04 . 3 H 20 , along 
with the normal salt are formed. 

L. C. Lindsley and L. M. Dennis obtained copper thallous selenate, 
Tl 2 Cu(Se( 34 ) 2 . 6 H 20 , in light blue, monoclinic, prismatic crystals, from a soln. of 
3 grms. of thallous selenate, and 8 grms. of copper selenate, J. Ferguson found 
the equilibrium press, for the reaction: TLCu(Se 04 )o. 6 H 20 ^F^Tl 2 Cu(Se 04 ) 2 . 2 H 20 
f 4 H 2 O; 

29 9* 40 0' 48 0" 53-9^ 64-r 

PresB. . , 8-9 20-3 30,3 53-6 99-6 mm. 

These two salts are members of an isomorphous series including zinc, manganese, 
cobalt, and nickel thallous selenates. A. E. H. Tutton gave a:h:c 
=0-7531 : 1 : 0*5048, and 104° 59' for the axial ratios of the monoclinic crystals. 
The cleavage is parallel to (201); the topic axial ratios are 
=6-3294 : 8-4045 : 4-2426. The sp. gr. is 3-944 at 20°/4°, and the mol. voL 218*01. 
The optic axial angle 2F^, and the indices of refraction, are : 



Ll- 

C- 

Na- 

Tl- 

Cd- 


2Pa . . 

. 85" 14' 

85" 13' 

85" 9' 

85" 4' 

85" r 

84" 66' 

a 

. 1-6339 

1-6345 

1-6396 

1-6461 

1-6495 

1-6637 

P . - 

. 1-6504 

1-6511 

1-6565 

1-6631 

1-6660 

1-6709 

y • • 

, 1-6655 

1-6662 

1-6720 

1*6787 

1-6823 

1-6867 


The general formula for j3 is l‘6353+485126A~2q-9i9i5()()()00000A~^+ . , . ; 
and for a, 1-6353 is diminished by 0-0168, and for y, raised by 0-0154. The mol. 
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refractioiiH ])y the /x-formula fora, and y are, res])ectively, 1‘58 ‘V2, 111-91, and 
145*23 ; the 8)>. refractions hy the /^--formula are, respectively, (i-dtH)?, (>-(>92h, and 
0-0943, while the niol. refractions are, reapectiv(*Iv 78*00, 79-G2, and 81*08. A. E. 11. 
Tutton i)repare(l magnesium thallousselenate, Tl.M-(Se 04 ) in monoclinic 

crystals with the axial ratio a:b: c--0*71S:): I : 0-0.)93, and 105" 38'. The 
topic axial ratios are x : to 8-3580: 8-1913 : 4-2112. 'Phe chnivaj^e is parallel 
to the (201)Tace. The o])tic axial anj^le 2/s is very lar^e, \\liile 

1^1- r- N.i- Ti- (.1- 

2E« . . 11 ' 77’’20' ll^XV 77 :>(»' 77 :>s 7SM0 

The sp. gr. is 3*721 at 20'/1 , and t he mol. vol. 220*()1. Tin- indices of refraction are 

Oi* r- N.I- Tl- (M- A 

a . . Mi 2 or> i()2io i*(> 2 r )0 i(;2t)7 i*():e2(i 

^ . I(i292 1-0297 l*r»a:t7 1(»2S4 l-tUU l-bi:>2 

y • . i-():ir)9 i-oao^t i-oio4 itUT)] i(;ts2 1 - 0.721 

the general formula for ft is 1-8182 h5<) 1123A”““ I- 10710(HIOOOOOOA~^ t . . . ; 
for a replace 1-8)182 by 1*8075, and for-)/, hy 1-8)229. The mol. refrac tions l)V the 
//.'formula for a, and y are respectively 137*00, ]3>8-92, and 140-40 ; and for the 
sp, refractions ])y tlic //^-formula, respectively t)-0915, t)*0958, and 0-0984, wlnle the 
mol. refractions are respec'tively 77*59, 78*47, and 79*13. A. E. If. "Jhitton j)reparod 
zinc thallous selenate, Tl 2 Zn(Se() 4 ).j. 81 Io(), m thick tabular (Tvstals w’hic'h belong 
the monoclinic system, and hav(‘ the- axial ratios a : h : c - 0-7479 : 1 : 0-5022 ; and 
^ -105^ 54'; A. F, (1. Werther gave 0-7142: 1 : 0-5038, and 105' 51'. The 
(20J)-eleavnge is good. Oliservations of the s|>. gr. and tln^ optical constants were 
unsatisfactory owing to the opacity, etc., of the cTVstals. A. K. 11. Tutton gave for 
the topic axial ratios ;)(: j/c : co—8-3173 : 8-1188 : 4-2120 ; and for the ojitic axial 
angles : 



Li¬ 

r- 

Na¬ 

'I'l- < (1- 


217, . 

es" 12' 

()S 1.7' 

bs .3r 

09 r 09' 14' 

09 ’ 30' 

2k: . 

. . 120’ 1.7' 

120 19' 

120" 47' 

121 IS' 121^ 2S' 

121'50 

The sp. gr. 

is 3-958 at 20"/4‘- 

' ; anr! i he mol. vol. 

217-89. Tin- indices 

of refraction 

are : 

Ll- 


Na. 

Tl- IM- 

F liirlil. 

a 

1-8352 

1-()35S 

1-0414 

l-()479 1-0520 

I•(>.570 

n 

1-G47.5 

1-G4SI 

1-05:19 

10000 1004S 

1 0700 

r 

J()549 

1 0550 

1-0015 

1-00S7 1 07.31 

M>793 

The formula for ^ is 1-8271 k8251 

(H8A-- |-11()8I00()0()00()A-' , . ; 

and for a, 


the constant 1*6271 is reduced by t)*0125, and fory, increased by 0-0078. The mol. 
refractions by the /^-formula for a, and y are resju^ctively 138-41, 111-08, 
and 142-70; the sp. refractions by the /x—formula, rospc'ctiveiy 0-0905, 0-0919, 
and 0-t)928, and the mol. refractions, resj)ectively 78-02, 79-22, and 79-93, C. Fabre 
pre})ared colourless ocd.ahedral crystals of thallous aluminium selenate, 
Tl 2 Se 04 .Al 2 (Se() 4 ) 3 . 24 Ho 0 , or ihulJous selevatoaJum?7iafi% TlAl(Se 04 ) 2 - 12 H 20 , from 
a mixed soln. of the component salts. J. Meyer found that tliallie oxide and selenicj 
acid furnish two salts, thallic hydroxyselenate, Tl( 0 H)Sc 04 H 2 O, and thallic 
hydroselenate, TlH{Se 04)2 , 2 H 20 . The transformation point from one to the other 
is at 45'^. J. Meyer and H. Wilk treated thallic hydroxide with a sat. sedn. of 
ammonium selenate, which, when treated with ammonia and alcohol at 0 ", yields 
thaUic amminoselenate, [Tl(H 20 )e(Nn 3 ) 2 l 2 (SeC) 4 ) 3 , which is stable only in an atm. 
of ammonia. They also prepared colourless thaliosic selenate, T] 2 l 8 e() 4 .Tl 2 (Se 04 ) 3 , 
and yellow 5 Tl 2 Se 64 .Tl 2 (Se 04 ) 3 . V, Fortiiii prejmred crystals of potassium thallic 
selenate, K 2 Se 04 .Tl 2 (Se 04 ) 3 . 8 H 20 , or 2 } 0 t(issium seleymfothalhfe^ KTl(Se() 4 ) 2 . 4 H 20 , 
from a mixed soln. of tliallie selenate and ])otaasium selenate evaporat(*d in vacuo. 
The crystals are soluble in dil. acids, and resemble the corresjiomling suljdiates, 

S. Jolin prepared oerous selenates, 002 ( 8004 ) 3 ./)H 2 O, with 8 )^ <), and 12 mols of 
water of crystallization, and M. Cingolani with 4, 5, 7 , 8 , 10, 11, and 12 mols. 
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M. (^in"r>lani made the rough exploration of the Holuhility curve shown in Fig. 61. 
Tlie breaks in the curve re})resent transition points of the different hydrates. The 
anhydrous seleiiate was o})tained by heating one of the 
hydrates to 180°; and it then ap])ears as a fine¬ 
grained, white, ani(>r])hous powder which begins to 
lose acid vaj)onrs at about 200 ’. The tetrahjfdnUe, 
Ce 2 (Se 04 L. 41120 . was obtained by mixing 14-1 grrns. of 
cerous nitrate in 50 c.c. of water with a solu. of 49-11 
grrns. of selenie acid in KKC c.c. of water; when the 
soln. is heated to the ]).}>. prismatic crystals of the 
tetrahydrate tlien separate. The liexagonal prisms 
belong to tlie rhombic system, and liave tlie axial ratios 
a : h : c 0*f)831 : ! : - . Tlie pnitah if (irate, 0 ^ 2 ( 8004 ) 3 . 
5 II 2 O, is obtained from a soln, of the tetrahydrate con¬ 
taining an excess of selenie acid, S. Jolin’s liexahijdrdte 
was not obtained by M. Cingolani, but he obtained 
the he pt ah if drat (\ Ce 2 (Se 04 i 3 . 7 H 20 , by kee[)ing a 40 per 
c(*nt soln. of the tetrahydrate at about 80-5° ; and the (Hio/nfdrate. Ce 2 (Se 04 ) 3 . 8 H 20 , 
at b (0 to 78''; the dfcahijdrate, (V2(Se04)3.IOH 2 O, at 34° to 4()'^ ; the henahifdraie, 
(V‘ 2 (S(*() 4 ) 3.1 IILO, at 12 ’ to 28'’; the dadecalufdraie, (V 2 (Se 04 ) 3 . 12 H 20 , at about 0 °. 
The d(Ki(‘caJiydrat(* was also prepared by 8 . John. M. Cingolani could not 
pre])are 8 John’s cvneahydrate. 

H. Toj)soe pre})ared enneahydrated yttrium selenate, Y 2 (^^<'^^ 4 ) 3 -^H 20 , in 
colourless, transparent, six-sided {)hites belonging to the rhombic system, and with 
the axial ratios : h : c - 1 *0686 : 1 : 0-57t)0 , twinning occurs ])arallel to the 
(](K)) plane * and tlie (l(K))-ch'avage is well defined. The sp. gr. is 2-780. Pale red, 
tahular, rhombic (‘rystals of enneahydrated erbium selenate, Plr 2 { 8 e 04 ) 3 . 9 H 20 , 
with the axial ratios n:h:(‘ 1'07.)2 : 1 : 0-5168, \vere similarly ])repared. The 

cleavage is jairallel to the (100)-])lane. Tlie crystals are isomorphous with the 
yttrium salt. Tla^ sj) gr, is 3-171 Colourless, moiioclinic erystals of octohydrated 
yttrium selenate, ¥ 2 ( 8001 ) 3 .dll.jO, were also obtained in colourless, tabular, mono- 
clinic crystals of s[). gr. 2-895; likewise yadlowish-red monoclinic crystals of octo- 
hydrated erbium selenate, Kr 2 ( 8 e 04 ) 3 ' 8 ll 20 , with the axial ratios a:h:c 
3*0218 : 1 ; 2 -(K) 12 , and 61 ’ 15'. The sp. gr. is 3-516. These two salts arc 
isomorphous w it h octohydxated didymium selenate, 1 ^ 2 ( 8004 ) 3 . 81120 , also otitained 
in rcdilisfi, columnar, monoclinic crystals of sp. gr, 3-239. J\ T. Clove obtained 
hexahydrated lanthanum selenate, La 2 ( 8 e 04 ) 3 . 6 H 20 , crystallized from a warm 
soln., and the decahydraU', by spontaneous evaj)oration ; a soln. of thi.s salt and 
jiotassium selenate fiiriiislicd crystals of potassium lanthanum selenate, 
KLa( 8 e 04 ) 2.4 JH 2 O, stable in dry air. Flattened prisms of ammonium lan¬ 
thanum selenate, (NIl 4 )LH( 8 e 04 ) 2 . 1 ir 20 , were likewise obtained; and a white 
crust, sodium lanthanum selenate, NaLa( 8 e 04 ) 2 . 2 H 20 , winch retains its water 
of crystallization in vacuo over sulphuric acid. J. A, N. Friend and A, A. Round 
prepared neodymium selenate, Nd 2 ( 8 e 04 ) 3 , together with the corresponding 
pefitahydrate, and octahydratc, as w*dl as a ])ossible dodecahydrate. P. T. Cleve 
found tliat when a soln. of octohydrated samarium selenate, 8 m 2 ( 8 e 04 ) 3 . 8 H 20 , 
is evaporated over sulphuric acid at 18°, sulphur-yellow crystals are obtained. 
The salt is soluble in water; at about 10°, the dodecahydrate is formed. No 
com]»lex salt with sodium has been found, but potassium samarium selenate, 
K 28 m( 8 e() 4 ) 2 . 3 H 20 . and ammonium samarium selenate, (NH 4 ) 28 m( 8 e 04 ) 3 . 3 H 20 , 
form sulphur-yellow crystals when the aq. soln. is eva])orated spontaneously. 

A. Ditte« })repared titanyl selenate, (TiD) 8 e 04 .H 20 , or Ti 02 .H 2 Se 04 , by a 
method analogous to that enqdoyed for the staimyl com])Ound— vide infra. 
II. Rrenek also ])repared a similar coiii])uund hy boiling a soln. of a-titanic acid in 
hot dil. sul}>huric acid mixed with an cij.of selenie a(‘id; when half this amount of 
selenie acid is employed the oxyselenate, 2Ti (>2 ^ 8 ^ 03 .H 2 O, or titanyl dlhydroxy- 
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(^'>(>):i(H 0 ) 2 Se 04 , is formed. A. Difte prepared zitCOOyl selenate, 
' j by the method used for stamiyl selenate M Weibull 

obtained zirconium selenate, Zr{Se()4)2.4H2(). by the spontaneous evajuiration 
of a soln. of zirconium hydroxide in seleiiic acid. The 4-sided, and h-sided plates 
belong to the hexagonal system. The salt loses 3 nu>]s» of water at 1(M)\ and 
the fourth mol. at 120^-130°. The anhydrous salt is a little hygroscopic. It 
IS soluble in water: and sparingly soluiili* in a](‘ohol, and cone, acids Wlien 
the aq. soln. is boiled, a basic salt is |irecipitat(‘d. P. T. (4eve" prepared 
enneahydrated thorium selenate, Th(S4.()4)2.9]LO, by eviqiorating a soln. of 
thorium hydroxide in dil. selenic acitl; U. N. WyrouliolT used a small excess 
of selenic acid, cvajiorated the soln. at 35'-50'', and w'ashed the prodmd with alcohol. 
H. To}).sde said tliat the monoelinic, ]>rismatic crystals liave the axial ratios 
a: h : c=0*5984 : 1 : 04)542, and p -98'" 25^ Th(‘ (OlOj-cleavage is (’omjilete, 
and the ((K)i)-cleavage distinct; twinning occurs about the (l(K))-pjane. 'Fhe 
salt is isomorphous wdth the corresponding sulphate, and the sj). gr. is 3*026. 
R. 1 halen made some observations on the crystals. P. T. Ph‘ve found that 
the crystals lose 8 moLs. of w\ater at 120'' 190' G. N Wyroubc>tT said 250' ami 
the rest at 4(KP. The salt is de composed into thoria at about 1500'. P. T, Gleve 
said that J(K) parts of water dissolve t) r) parts of salt at (P, and 2 ])arts at 100 '. 
G. N. Wyrouboff said that the solubility is about one per cent. When a soln. 
of the salt in sodium selenate soln. is cooled, C. Manuelli and M. (^ingolani said 
that colourless, monoclinic crystals of the ociohydrate. Th(S(‘{) 4 ).^.811^,0, are 
formed. G. N. Wyrouboff said tliat the isoinor})hism of the salt indicates 
that it is enneahydrated not octohydrated. A. Rosati gave for the axial ratios 
of the monoclinic crystals of the octohydrate u :/>: c - 0*6037 : 1 : 0'()712, and 
^ 81" 405 

A, T)itte« prcjiared staimyl selenate, (Sn 0 ) 8 e 04 .H 2 G, or Sn()2.1L!^ef>4 by dis¬ 
solving gelatinous stannic acid in warm selenic acid, and evajiorating th(‘ soln. to 
a syrujiy liquid. On cooling, transparent, rhomboidal lamelhe or hexagonal juisms 
are obtaim^d. Tliis compound is produced in the jiresencc of a large excess of selenic 
acid. The crystals are hygroscopic, and are deconqxised liy an excess of wuiter with 
the separation of stannic hydroxide. 

E. Mitscherlich prcjiared lead selenate, f 9 > 8 e 04 . as a wdiite ])owder, by adding 
a soln. of lead nitrate to sodium selenate ; V. Lenher and (J. 11. Kao used a 
similar jirocess ; A. Sehafarik likewise obtained it as a white, crystalline powder. 
F. (\ Mathers and F. V. (Graham obtained lead selenate* liy the action of 
lead dioxide or sehmium dioxide at KXP. L. Michel obtained crystals iso- 
morjdiouH with anglesitc by melting the amor[)hous preci])itate with a mixture 
of jiotassiuni and sodium nitrates at 3(KP for 2 hrs., and after slowly cooling, 
lixiviating the mass witli water ; he also obtained the crystals by melting lead 
chloride with a mixture of alkali selenate and sodium chloride. 4'he mineral 
mentioned in connection with lead selenite, may be reganh'd as a lead 
selenate which is probably isomorphous with angJesite. A. Sehafarik gave 6-37 for 
the sp. gr. at 22" ; and wdien melted it loses oxygen, passing into the selenite. 
C. A. Gameron and J. Macallan found that when the salt is heated, selenium dioxide 
is evolved. F. 0. Mathers found that a layer of the .selenate on a jilatinurn dish as 
cathode, with dil. selenic acid as electrolyte, is partially reduced K. F'onzes- 
Diacon found lead selenate to be more stable wdien heateil than most of the other 
metal selenates, so that the temp, necessary for reducing the salt to lead selenide 
by means of hydrogen can be attained without losing mu('h selenium dioxide ; 
carbon reduces the salt more easily than is the rase with lead sal[)hate ; and 
aluminium puwxler reduces the selenate w'ith explosive* violence, forming aluminium 
selenide. A. Ditte found that the action of hydrochloric acid, seuliurn cliloridc, ami 
potassium iodide on lead selenate resembles tlieir ai'tion un the sni[)hate. 
F. MatlicrsamI P. S, Ronsib found tliat a soln. .mirnonmin carl>onate (‘on\ert.s 
the salt, in the cold, into lead carbonate and aiiininimiiu seh*uate. it basic lead 
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acetate ])e julded to a soln. of sodium selenatc, C. T. Rarfoed obtained crystals of 
lead OiQrselenate, lM) 0 .PbSe 04 , which, when treated with acetic acid, form the 
normal salt. According to D. StrdmhoJm, if lead hydroxide be added to 0*066AT- 
(NH 4 ) 2 Se()|, until tlie soln. is free from selenic acid, a white, voluminous, crystalline 
mass of lead dioxyselenate, 2 Pb 0 .PbSe() 4 .H 20 , is formed. When heated, it 
becomes pale yellowish-red. 

E. Szarvasy ® obtained sodium orthoselenoarsenate, Na2AsSe4.9H20, together 
with selenotrioxyarsenate, when arsenic pentaselenide is dissolved in soda-lye. It 
crystallizes in rubv-red needles, which rapidly lose their water of crystallization 
when exposed to the air ; it is readily soluble in water, and the soln. readily under¬ 
goes decomposition, selenium being deposited. Mineral acids precipitate arsenic 
pentaselenide from its alkaline soln. in the form of a reddish-brown flocculent 
])recipitate. W. Muthmann and A. (dever ])re|)ared potassium metaseleuoarseiiatCy 
KAs>Se 3 , 2 H 20 , by adding arsenic pentaselenide to a soln. of selenium in potash-lye, 
and, after the mixture had been heated some time, filtering into alcohol, and adding 
a small ])roportion of water in order to dissolve other compounds wdiich are formed 
at the same time, and the product w\as thou dried on a porous plate. It crystallizes in 
reddish-yellow prisms, and is easily soluble in hot water, but the soln. soon decom¬ 
poses, with the deposition of selenium ; alkaline soln. are somewhat more stable. 
Aeids precipitate arsenic pentaselenide from the aq. soln. with the evolution of 
hydrogen selenide. With lead and silver salts, it gives a black precipitate ; with 
barium salts, a reddish-white precifutate, which rapidly decomposes. E. Rzarvasy, 
and R. F. Weinland and 0. Riimpf. ])repared sodium tnoxyselenoarsenate, 
Na 3 AM()ySe.l 2 Il 20 , or 8e *-As(ONa) 3 , l)y dissolving arsenic pentaselenide in soda- 
lye, but as the soln, readily decomposes when exposed to the air, it is necessary to 
wmrk in an atm. of liydrogen. The salt may he obtained as colourless crystals on 
the addition of methyl alcohol to the aq. soln. ; the crystals, when left exposed to 
the air, lose their water of crystallization and turn red, owing to the liberation of 
selenium. The rhom})ic crystals are isomorphous with the corresponding tri- 
oxysulphoarsenate, and have the axial ratios n :h : c 0*9284 : 1 : 0*6409. Acids 
decompose the salt, giving a red precipitate while arsenic trioxide remains in soln. 
Silver and lead salts ])roeipitate the corresponding selenide. 

W. Muthmann and A Clever j)rej3ared sc^um octoxytriselenodiarsenate, 
3Na2Se.3Na2O.As2Or,.r>0ll2(), or Naj 2 ^^‘^ 2 G 8 ‘^^ 3 *b 0 H 2 O, by warming arsenic penta- 
sclenidc with a cone, soln of sodium hydroxide ; a hydrate of sodium monoselenide 
is at first fnocipitatcd, but on filtering, and mixing the filtrate with alcohol, the 
oxy-conq)ound crystallizes out in white, elongated prisms, which arc fairly stable 
on ex})osure to air. It is easily soluble in water ; acid precipitates selenium from 
the soln. and an arsenic selenide is not formed. With lead and silver salts, it gives 
a black precipitate ; and with barium chloride, a white, amorphous precipitate 
wdiich is easily soluble in warm water. (J. Messinger assumed that the compound 
contained 58 niols. of water of crystallization. W. Muthmann and A. Clever pre¬ 
pared potassium trioxypentaaelenodiarsenate, K 6 As 203 Se 5 . 10 H 20 , or 
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analogous to the corresponding sodium trioxypentasulphoarsenate {q.v,). The 
trioxypentaselenodiarsenate is obtained by gradually adding 5 grms. of arsenic 
pentasulphide to a cone. soln. of 10 grms. of j)otassium hydroxide, while the mixture 
is cooled with ice. The liquid is filtered into 300 c.c. of absolute alcohol, and the 
orange-red, orystalline mass is w^ashed rapidly wdth alcohol, and dried on a porous 
tile. It rapidly deconq^osas and darkens on exposure to air, and moisture, selenium 
being flejxisited ; it dissolves easily in water, forming a greenish-yellow soln., and 
then decom]>oses rapidly with the deposition of red selenium. With salts of the 
heavy metals it gives dark, amorphous precipitates ; with barium salts, a reddish- 
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white compound, which decomposes very rapidly, Wlien treate^l with acids, it 
yields arsenic ]>entaRe]enide. 

According to R. F. Weinhind and G. Barttlingck, if a soln. of selenic acid, 
arsenic acid, and potassium hydroxide in the molar proportions 1 : 2:2 he 
evaporated on a water-hatli, crystals of potassium selenatoarsenate, 2 K 2 O, 
2 SeO 3 .As 2 O 5 . 5 H 2 O, or KH 2 A 804 .KHSe 04 , are formed in colourless, rhornhic plates ; 
and similarly also with rubidium selenatoarsenate^ 2Rb2O.2SeO3.As2O5.3H2O; and 
with ammonium selenatoarsenate^ 2 (NH 4 ) 20 . 2 Se 03 .As 205 . 3 H 20 r If the pro- 
])ortion 8 indicated above be 1 : 4 : 1, colourless ])risms of pot^ium pentaselenato- 
diarsenate» 3 r)K2O.0‘5SeO3.As2O5.5’5H2O, or else 2 KH 2 ASO 4 5 KHSe 04 .H 20 , are 
formed, 

C. A. Cameron and J. Macallan obtain(‘d antimony selenate as a white, crystal¬ 
line mass, by dissolving antimony iji hot sclenic acid, and beating the liquid to 
drive off the excess of acid. The white mass consists of microscopic prismatic 
crystals which are neither decomposed nor dissolved by boiling water; they 
dissolved in hot selenic acid without forming an acid salt. They are only shgldly 
soluble in other acids. G. Hofacker melted a mol of antimony selenide, 1*3 grm. 
atoms of selenium, and 3 mols of sodium carbonate mixed with carbon at a higli 
temp. ; he extracted the mass with boiling water ; and dissolved in the liquor a 
gram-atom of selenium. The filtered soln. was evaporated for crystallization, or 
treated with alcohol whereby crystals of sodium selenoantimonate» Na3Sb8e4.91l20, 
iaomorphous with the corresponding sulphantimonate, were obtained. Large 
crystals appear orange-yellow and small ones, colourless. When heated, the salt 
melts in its water of crystallization, and at a liiglier temj). forms a brown mass, 
which then decomposes with the evolution of seleninin. When heated at a low^ 
temp, jn dry air it loses water and selenium. It is more sensitive to air than the 
sulphantimonate, and is rapidly coloured hyacinth-red. 100 grms. of water dissolve 
50 gnus, of salt at 12'’; the dil., aq. soln., protected from air, slowly deposits grey 
plates, and sodium selenite remains in soln. Acids }>recipitato antimoiiy penta- 
selenide incompletely from the aq. soln. L(‘ad acetate, and sulphates of copper, 
iron ( 011 s), nickel, and cobalt give black precipitates; mercuric chloride and 
mercurous acetate, brow’nish-blaok precipitates ; zinc sulphate, a red pre¬ 
cipitate ; cadmium chloride, a reddish-brown precipitate ; and manganese sulphate, 
a l)rown precipitate. Silver nitrate gives an impure precipitate of silver seleuato-* 
antimonate, Ag 2 SbSe 4 . By treating a soln. of bismutli carbonate in a similar 
manner, J. A. Cameron and J. Macallan obtained bismuth selenate in small, colour¬ 
less, prismatic crystals, )nsolu})Ie in water ; and not decom])osed by boiling water. 
The salt is soluble in selenic acid, hot sulphuric acid, and in nitric and hydrochloric 
acids ; and it is decomposed by alkali-lye. 

According to W. Prancltl and F. Lustig,^® a soln of vanadatoselenic acid, or 
selenatovana^c acid, 3 V 205 . 4 Se() 2 . 4 H 20 , is produced by dissolving vanadium 
pentoxide in selenic acid. The soln., cone, on the water-bath, is yellowish-brown. 
G- Gain found that by dissolving hydrated hypovanadic acid, V 2 (i 4 . 21 l 20 , in dil. 
selenic acid, a blue liquid is produced wrhich, on e.vaporating for 15 days in vacuo, 
deposits bright blue, deliquescent, crystalline hypovanadic selenate» ¥ 204 . 3 * 58003 . 
7 H 2 O ; and if an excess of selenic acid is used, a blue, still more deliquescent salt, 
V 204 , 5 Se 03 , 10 H 20 , is obtained. These salts differ from the corresj^onding sul¬ 
phates, only in the proportion of water. J. Meyer and E. Markowicz found that 
in the electrolytic reduction of vanadic salts in the presence of sclenic acid, the 
latter is also reduced, and that attempts to j^repare vanadium selenium alum, 
or vanadium selenate, were not successful. A red vanadium aceioselenate, 
V 2 (CH 3 .C 00 )(Se 04 ) 4 .??H 20 , was obtained by adding selenic acid to a cone. soln. 
of vanadium acetate. The greenish-white ]>recipitate was quickly washed and dried 
in an atm. of carbon dioxide. 

R. Metzner obtained tellurium selenate» 2 Te 02 .S 03 , from a soln. of tellurium 
dioxide in boiling sulphuric acid, C. Fab re prepared a soln. of chromic selenate. 



876 


INORGANIC AND THEORETICAL CHEMISTRY 


Cr 2 (Se 04 ) 3 , as in the case of chromic sulphate. J. Meyer and V. Stateczny found 
that selenic acid dissolves chromic acid at 23"^: 

Solonic acid, H 2 S 0 O 4 . . . 55-1 81-2 87-9 90 2 98-5 per cent. 

(Jhroinic CrOg . . . 8 (>5 0 Ki 0-29 0 1 7 0*35 ,, 

They obtained chromatoselenic acid, ILCrSeOy, by the action of 20 grms. of chromic 
acid on bO grins, of 9*8 per cent, sclenio acid. The orange precipitate melts at 
200 ^- 205'' to a dark wine-red liquid, which, when further heated, gives oil oxygen. 
It is only sparingly soluble in cone. sul})huric acid ; and insoluble in carbon 
disulphide, carbon tetrachloride, and chloroform. It is readily reduced by organic 
and inorganic compounds to form chromic salts and selenium dioxide. Alcohol 
is immediately inflamed ; and a mixtuie of sugar and potassium chloride explodes 
vigorously in contact with a drop of chromatoselenic acid. Eq. proportions of 
potassium selenate and chromic* anhydride form potassium chromatoselenate, 
K 2 CrSe 07 , or K 2 lCV 02 (Se 04 )], when heated in a sealed tube on a water-bath. The 
salt melts at 138^^, and resembles potassium chromatosulphate The corresponding 
barium chromatoselenate, Ba 8 e(V 07 , or Ha[Cr() 3 (Se 04 )J, w\as prepared in a similar 
w^ay. When heated, it decom})Oses hedevre melting. J. Meyer and L. Speich pre- 
])ared violet chromic selenate, [Gr(H 20 ) 012 ( 8604 ) 3.3 or 4 H 20 , by adding selenic acid 
to a cold soln. of violet chromic nitrate, and adding alcohol. The salt is freely 
soluble in water, from which it is precipitated by alcohol or acetic acid. Its aq. 
soln. dissolves chromic hydroxide w*ith formation of green basic salts. When the 
violet salt is heated in soln. or in the solid state at 9()'\ it changes irreversibly into 
a green chromiselenate. The green salt prepared in tlie solid state has the com¬ 
position Cr 2 (SeO 4 ) 3 . 10 H 2 O, and dissolves very slowly in water, probably 
only after addition of water. The greem salt may have a constitution of the type 
[Cr(Se 04 )(H 2 D) 3 ] 2 Se 04 . When a soln. of the violet salt is boiled for some time, 
a green compound is formed which is precipitated by alcohol as a green oil and 
dries to an amorphous green solid. It is very soluble in water and gives no pre¬ 
cipitate with barium salts or with ammonia. It is probably triselenatochromic 

acid, H 3 |Cr(«e() 4 ) 8 !. 

0 . Fabre found that when a soln. of chromic selenate is mixed with ammonium 
selenate, the violet soln. deposits octahe<lral, red dish-violet crystals of ammonium 
chromic selenate, (NH 2 ) 2804 .Cr 2 (SeO 4 ) 2 . 24 H 2 O, or ammmium selcnatochro'tmie, 
NH 4 (’r( 8 e 04 ) 2 . 12 H 2 D. 0. Pettersson said that the sp. gr is 1-984 at 26'^. C. Fabre 

added that the violet soln. liecornes green at 55°-6()°. The green soln. crystallizes 
only when allowed to eva])orate spontaneously for several months. The corre¬ 
sponding salts with etliylamine and propylamine in place of ammonia were pre¬ 
pared. The ammonium chiomic alum so obtained is a ty])e of the chromium- 
ftelenium alums, analogous to the aluminium-selenium alums, and the alums proper. 
0. Fabre likewise prepared sodium chromic selenate, NR 2 KSe ()4 0 ^ 2 ( 8604 ) 3 .24H 2 O, 
or sodium scleytaiochromaie, Na( V( 8604 ) 2 -1 2 H 2 O ; pOtassium chromic Selenate, or 
potassium sHenatochromale, K(V( 8 e 04 ) 2 . 12 H 20 . The latter salt was made by 
E. Wohlwill; and 0. Pettersson gave 2-078 for the sp. gr. at 173"". H. Sauer, and 
G. Joos studied the absorption spectrum of the crystals. C. Fabre prepared in a 
similar manner rubidium chromic selenate, or rubidium seleucUochromaie, 
RbCr(Se 04 ) 2 . 1 iiH 20 , which, according to 0. Pettersson, has the sp. gr. 2-219 at 
17*9. II. Sauer examined the absorption spectrum. 0. Fabre likewise prepared 
ceesium chromic selenate, or sdevatochromate, CsCV( 8 e 04 ) 2 . 12 H 20 ; H. Sauer 

examined the al)sor[>tion s])ectriiin, 0. Fabre prepared thallous chromic selenate 
or thallous svlcnatochromute, TlCr( 8 e 04 ) 2 . 12 H 20 , in deep violent crystals, almost 
black by retleoted light. (), Pettersson gave 576-6 for the mol. vol. H. Sauer 
examined the absorption .s])ectrum. 

J. Meyer and L. Sjieich prepared chromic chloropentaciuoselenate, 

LCr(H 20 ) 5 ClJ 8 e 04 . 3 H 20 , by treating the corresponding chromic chloride with 
sodium selenate; it furnishes a green })owder freely soluble in water, and 
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alcohol. Other chloroselenates corresponding with the known elilorosulphates 
were not 8 ucc(* 8 sfully prepared T1h*v also ])rej>ared chromic dichlorotetraquo- 
hOX^UOSelcilEte, I( r(’lj(H 2 <))j|(S(‘()j)o[(’r(HoO)^|, from a soln (d 4 parts of chromic 
dichlorotetracpiochloride, and 10 ])arts (d violet chnnnic clilonde. It is a green, 
crystalline po\\(h‘r freely solii1)lo m water, and s[)aringly soluble in alcohol. No 
complex salts (d the type [ 0012 (^^ 20 ) 4 l(t^ 04 ) 2 M{H.O)ftJ were pre[)ared. They 
obtained chromic hexamminoselenate, |Or(NH3)e|(Se04)3, from the corresponding 
nitrate and selenic aeid. It is precijiitated from its aq. soiii. liy alcohol as a heavy, 
crystalline powder, 'this salt is amorphous, the corresponding siiljihate is jieuta' 
hydrated. Silver selenate and chromic cldorojientammiuochJoride furnish chromic 
chloropentamminoselenate, [( rCI(NH 3)5 lSe 04 , as a heavy, red, amorjdious ]) 0 Vvcler 
sparingly soluble in water ; the corresponding sulphate is diliydrated. (’hrornic 
hexacarbamidochloride and silvcT selenate give chromic hexacarbamidoselcnate, 
[Cr(NH 2 .CO.NH.)fi|.(Se() 4 ) 3 . The green crystalline powder is soluble in water, 
and is precij)itated from its a<j. soln. by alcohol; and chromic trisethylenediamido- 
selenate, [Or en 3 j 2 (Se 04 ) 3 , was obtained as a reddish-yellow crystalline ]>o\vder 
from the corres])onding chloride and silver selenate. It is soiubb* in water, and 
is precipitated liy alcohol from its aq. soln. 

E. Wendeliorst digested a mixture of selenie and molyhdie acids on 'wat(‘r- 
bath for vsin^'ral days, and on evaporating the liquid layer, obtained a crystalline 
mass of selenatomolybdic hexoxide, ReO^ Mo() 3 . AVhen this product is mixed 
witli a litth' water, and dried at 110 ’, it furnislK's the (iihf/dratc, ReO^^MoO^ ^HoO. 
No other hydrate was obtained. Titration with jiotassium hydroxide, using 
])heuol})hthalein as indi(*alor, shows that the dihydrate is a tetrabasic selenato-* 
molybdic acid, Tl 4 SeMoO^. The acid is hygroseo]>i(‘; it gives a blue colour with 
alcohol, and ordinary acetone, liut purilied acetone gives no sindi effect. Potassium 
permanganate dot's not reat't with the aeid, but w'ith hydrogen dioxide, the orange 
colour of a permolybdatt* is yiroduced. 

According to II. Seudtner,^- uranium tritoctoxide dissolves wntli difficulty in 
selenie acid, whereas uraiiyl hydroxide is readily dissolved. He re[)orted uranyl 
selenate, (UO. >)Ret ) 4 . 9 'Hi 2 H, to be formed as a gummy mass 1 )V^ evaporating on the 
water-liatJi a soln. of uranyl hydroxide in selenie aeid ; it can be dried in a desiccator. 
If a soln. of uranyl hydroxide in hot selenie aeid be evaporated on a w ater-bath to 
a syrupy consistency, and the acid soln. allowed to stand a few clays at (P P", a pale 
yellow, dc'lhpieseent mass of uranyl hydrosclenate, (U 02 )H 2 (Se() 4 ) 2 .KSH 2 (), is 
formed; as well as greenish-yellow^ needles of uranyl hydrothselenate, 
(IT() 2 ) 2 H 2 (Re(l 4 );}.I 8 H 2 O. There is nothing to show' tliat all these jiroduets are not 
really mixtures. T. Rendtner abso jirepared yellow' (Tvstalline massi's of ammonium 
uranyl selenate, (NH4)2(U02)('^c()4)2.2H20, from a soln. of ammonium uraiiate in 
dil- selenie acid ; or liy adding ammonium selenate or ammonium uranyl selenate 
to a soln. of uranyl oxide in selenie acid. The' salt is soluble in winter. The corre¬ 
sponding potassium uranyl selenate, K 2 (U 02 )(Re() 4 ) 2 . 2 H 2 (), was prepared in a 
similar manner. J. Meyer and E. Kasjier pointed out that with tlie ex(‘e]>tion of 
oxygen, the oxides cjf the elements of the sixth group combine wdth the oxides of 
elements of other groiijis to form lieteropoly-acids The electrolysis of these 
complex acids furnishc's an anode liquid containing a cornjih'X uranic acid. Selenie 
and uranic ac'ids thus furnish yellow selenatouranic acid, Ho] H() 3 (Re 04 )J. 2 H 20 , 
when a soln. of 32 gnus, of uranyl nitrate and 10 gnus, of sc'lenic acid is concen¬ 
trated in vacuo, and tlien allow'ed to crystallize. It is dccomjioscd in dil., aq. 
soln.: H 2 [ 1103 ( 8004 )|. 12 H 2 ()v-- 3 H 20 -f(U 02 )Rc 04 . When a soln. containing a 
gram of this acid, and 1*8 gnus, of jiotassium selenate, is boiled, potassium hydro- 
selenatouranate, KH[U 03 (Se 04 )|.H 20 , is formed; and similarly with ammonium 
hydrosclenatouranate, (NH 4 )H[ 003 ( 8004 ) I. 3 H 2 O. Again, greenisli-yellow dise- 
lenatouranic acid, Ho[TH)3(Se04)2|.21l20, is formed liy evaporating a soln. of 
32 grnis. of uranyl nitrate and 15 grms. of selenie acid ; w hile potassium tetrahydro- 
disclcnatouranate, K2H4[ 1)04(8664)2j.H20, and 3 H 2 O is formed by evaporating a 
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mixed soln. of 3*2 grins, of potassium uranate in 10 grms. of selenic acid. The 
ammonium and ]>()ta 8 .sium complex salt prepared by H. Sendtncr 
to this series. Salts of an unknown trisolenatouraiUC acid# H( 5 [lK^(Se 04 ) 3 j, 
were obtained -sodium dihydrotrisclenatouranate, Na 4 n 2 [D 03 (Se 04 ) 3 J.H 20 , was 
obtained from a soln. of 5*5 gnus, of selenatourauic acid, and 8 gnus, of sodium 
selenate; and sodium diammonium tris6l6iiatouranate» Na 4 (NH 4 ) 2 f 1 ) 03 ( 8604 ) 3 ]. 
jOH 20 , l)y the action of ammonia on the preceding salt under dry ether. A soln. 
of 32 grms. of uranyl nitrate and 20 gnus, of selenic acid furnishes yellowish-green 
triselenatouranyluranic acid, H 6 [U 02 (U 03 )(Se 04 ) 3 ]. 7 H 20 , and if a soln. is electro¬ 
lyzed. crystals of the octodecahydrate collect in the anode chamber. If a soln. 01 
3*2 grms. of potassium uranate in 10 grms. of selenic. acid be evaporated, it furnishes 
potassium tetrahydrotriselenatouranyluranate, K„H,flT().(U0a)(Se04)3l.H,O, 

E. Mitscherlich 13 obtained manganese selenate, MnSe 04 .«ll 20 , by crystalliza- 
tion from the aq. soln. ; if at 30^"r)0'^, rhombic plates or needles of the (Hhydrate, 
MnSe() 4 . 2 H 20 , are formed wLicb, according to H. Toj) 8 bc, have the axial ratios 
« : 6 : c=- 0-9959 : 1 : 0 - 8 H 49 , and which jire i.somorjdious with the cadmium salt. 
V. Lenher and ('. II. Kao obtained a .soln. of tlie .salt by the action of the acid on 
the carbonate. E. Mitscherlich found that the crystals are .soluble in water, and 
their sp. gr. is 2*949 j O. Pettor.sson gave 3*tK)fi. If the soln. be cry.stallized at o 
(E. Mitscherlich), or at ordinary temp. (II. Top.sbc), thepcata//y(//'fUc, MnSe 04 ..bH 20 , 
is formed in pale red crystals isomorjihous with the sulphate. II. Topsoc gave for 
the axial ratios of the triclinic crystals a :b: c =-0*5552 : 1 : 0*5393, and a—113° 11 , 
j3 --109°35', andy=92°58'. No marked cleavage was observed. The sp. gr. is 
2*334 ; 0, Petterssou gave 2*388. H. Topscic added that the salt is freely soluble 
in water; and that the aq. soln. on standing, or whmi warmed, deposits some 
manganese hydroxide. C. Schaefer and M. Schubert studied tlie ultra-red reflection 
spectrum. H. Topsue found that wlien a mixed soln. of ammonium and manganese 
selenates is allowed to crystallize, ammonium manganous selenate, (NIl4)2Mn(Se04)2. 
(»IL> 0 , is formed in pale red crystals jsomorphous with the sulphate. Ihe holo- 
hedral, prismatic, monoclinic prisms have the axial ratios a: b: c—0*7416 : 1: 1*4979, 
and jS -106° 14'; A. E. 11. Tutton gave 0*7127 : 1 : 0*4979, and ^—106° 16'; the 
topic axial ratio.s are ^ ^ : cu =6*3577 : 8*5302 : 4*2750. The (201)- and (010)- 
cleavages are marked. The optic axial angles are : 



Li-line. 

C-liuo. 

Na-liiu*. 

Tl-hne. Cd-liiie. 

F-Iine. 

. 

120’42' 

120> 47' 

121' 50 

' 122° 58' 123° 40' 

— 

2Ha . 

or 42' 

03^ 41' 

6:r 32 

63' 19' 63° 10' 

62° 58' 

2//o . 

07^’ 4' 

97° 1' 

96° 36 

' 96° r 95° 37' 

95° 9' 

2Va . 

70° 17' 

X 

0 

70’ 23 

' 70° 28' 70° 31' 

70° 34' 

The angle 2E decreased 6° 40' 

with a rise 

of temp, from 15° to 75°. The 

S}). gr. is 

2*158 at 2074 °, and the mol. voL 223*35. 

The indices of refraction are: 



Li-line. 

r-lliie. 

Na*iine. 

Tl-Ilne. Cd-line. i^^-liiie. 

O-line. 

a . 

. 1*5124 

1-5129 

1-5160 

1-5194 1-5214 1*5235 

1-5394 

^ . 

. 1-5163 

1-5169 

1-5202 

1-5237 1-5256 1*5276 

1-6340 

7 • 

. 1*5249 

1-5255 

1-5288 

1-5323 1-5343 1-5364 

1-6469 


A rise of temp, of 50° diminished the refractive index about 0*0010, The sp. 
dispersions —ijlc Y resj)ectively 0*0137, 0*0038, and 0*0038, and 

the mol. dispersions respectively 1*81, 1*87, and 1*88. The sp. refractions for the 
C-line and the ja^-formula are 0*1393, 0*1402, and 0*1422 respectively; and the 
mol. refractions respectively 67*12, 67*56, and 68*51 ; and the mol. dispersions for 
the/x-formnla are respectively 114*55, 115*45, and 117*37, The crystals are stable 
in air, and the sp. gr. is 2*093. H. Topscie obtained potassium mangauous selenate, 
K 5 Mn(Se 04 )^. 2 H 20 , in an analogous manner. The triclinic crystals have the 
axial ratios a:b: c-0-6911 : 1 : 0*4132, and a-86° 30', j8=-84° 34', andy=101° 58', 
and they are isomorphous with the corresponding sulphate. G. N. WyroubofF also 
examined the crystals. H. Topsoc added that the sp. gr. is 3*070, The salt is 



SELENIUM 


879 


«table in air ; freely soluble in water, and when the soln. is heated, brown inanp;anese 
hydroxide separates out. 0. Schaefer and M. Schubert studied the ultra-red 
reflection spectrum. Neither A. E. H, Tuttoii, nor IL Topsoe succeeded in pre¬ 
paring the hexahifdralc, K 2 lMn(Se 04 ) 2 -flH 20 , nor has the hexahydrated potassium 
manganous sul[>hate been prepared ; but the hexahydrated rubidium m&nganous 
seleuate, Kb 2 Mn(Se 04 )o. 6 H 20 , w^as obtained by A. Ph H. Tutton from a sola, of 
the component salts in equimolar proportions. The pink, holohedral, prismatic, 
monoclinic crystals have the axial ratios a :h : c - U‘7'122 : 1 : 0 - 5 (K) 8 ,jind/^ 105'^ 9'; 

the topic axial ratios are y:ip:aj -0*3333: 8*5332 : 4*2731; the ( 20 l)-cleuvage is 
good. The optic axial angles are ; 



Li-lini*. 


Na-llno. 

Tl-line. 

Cd'liiu-. 

y’dini-. 

2A’ . 

112" 11' 

112" 12' 

112 24' 

112" 24' 

112’ 45' 

- - 

ma . 

59 30' 

59" 33' 

59" 21' 

59" .r 

58" 51' 

58 ’ 30’ 

2Hn . 

99" 40' 

99" 39' 

99° 10' 

98" 47' 

98" 28' 

98 ' 9' 

2ya . 

00" 5' 

C0‘ 5' 

00' 2' 

00" 0' 

05" 57' 

05" 52 


A rise of temp, from 15° to 75 ° decreases the optic-axial angle 2E by 3° 30'. The 
sp. gr. is 2*703 at 2074°, and the mol. vol. is 222*92. The indices of refraction 
are: 


L]-line, 

r-Iinc. 

ISa-line. 

TldllK-. 

Cd-liue. 

/’-line. 

(J-lilW. 

1-5059 

1-5004 

1 -5094 

1 5125 

1-5103 

1 5103 

1 -5225 

1-5105 

1-5110 

1-5140 

1-5172 

1-5190 

1-5210 

1-5270 

1-5220 

1-5220 

1-5268 

1 5292 

1-5312 

1-5332 

1-5390 


A rise of 50° in tern]), produces a lowering of the refractive index of 0*(X)13. The 
ap. dispersions for a, /3, andy are respectively /X(j fxc —0*0029, 0*0029, and 0*0030 ; 
and the mol. dispersions are respectively 1*77, 1 * 78 , and 1*84. The sp. refractions 
for the C-line and the /x--formula are respectively 0*1070, 0*1084, and 0*1103 ; the 
mol. refractions, respectively 00*27, 00*78, and 08*00, and the mol. refractions with 
the ^.-formula, respectively 112*88, 113*91, and 110*50. A. E. IT. Tutton prtqiared 
similar monoclinic crystals of csssium mau^Enous sclenat©, (^s 2 Mn(Se 04 ) 2 d*>H 2 ^> 
with the axial ratios a: h : c-0*7319 : 1 : 0*4937, and jS - 100 ° 22'; the topic 
axial ratios arc \ it>™0*4297 : 8*7850 : 4*3547. The ( 20 l)-clea-vage is perfect. 
The optic axial angles are : * 


2K . 
ma . 
mo . 
2 Fa . 


120" 54' 
(>2 ’ 5 U ' 
1)8" 50' 
09" 3' 


r-Uno. 
120" 50' 
02" 54' 
1)8" 43' 
09° r 


Xa-llne. 
120 " 22 ' 
02" 33' 
98" 27' 
08" 49' 


TMino. 
120 5' 
01" 59' 
98" 10' 
08" 33' 


Cd-hiK'. 

119 44' 
01" 35' 
98 ‘ 2' 
08 17' 


/'’-lirn' 

01" 13' 
97" 49' 
08" 5' 


A rise of 55“ decreases the optic axial angle 2E by 5“. The sp. gr. is 3-008 at 2074“; 
and the mol. vol. is 235-01. The indices of refraction are : 


Li-line, 
a . . 1*5215 

R . , 1-5243 

7 . . 1-6301 


C-lIno, Na-line. 

1-6220 1-5250 

1-5248 1-5279 

1-5300 1-5338 


Tl-line. Cd-line. 

1-5283 1-5302 

1-5312 1-5331 

1-5373 1-5394 


F-line. (^/-Une, 

1-5323 1-5379 

]-535() 1-5005 

1-5415 1-5474 


A rise of 50“ in temp, decreases the index of refraction about 0-0011. ^ The sp. 
dispersions ua—/-tc, for a, P, aiidy are respectively 0-0026, and the mol. dispersions 
respectively 1-83, 1-80, and 1-89. The sp. refractions for the C-line and the 
u, 2 -formula are respectively 0-1014, 0-1018, and 0-1028, while the mol. refractions 
are respectively 71-98, 72-30, and 72-97 ; and the mol. refractions for the/i-formula 
are 123-20, 123-86, and 125-23. L. C. Lindslcy and L. M. Dennis prepared thalloos 
manpanniin geleoate, Tl 2 Mn(Se 04 ) 2 . 6 Ha 0 , isotnorphous with the corresponding 
thallous salts of copper, magnesium, cobalt, and nickel. A. E. II. Tutton gave 
a:b: c—0-7463 :1 : 0-4993, and /3=105“ 29' for' the axial ratios of the monoclinic 
crystals; the topic axial ratios are x • ^ • to=6-3584 : 8-5200 : 4-2540. The sp. gr. 
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iiS 3*833 at 20 ^’/L\ and the mol. vo] 222*10. The optic axial angle 2^^, and the 
indices of refraction are : 

].i- Na- Tl- C(l- f’-light. 

72 r 72 4' 72 27' 72^*53' 73'" 10' 32' 

1-0213 10219 1-0270 1 0343 1-6379 1 0422 

J-0304 1 0370 1-6429 1-0490 1-6534 1-0579 

1-6404 1-6470 1-6531 1-6598 1-6640 1-6685 

The formula for p is 1-0147 -h 914303 A'H-27239()(X)OOC)OOA~-4+ . . . ; for a, 1*6147 
is diminished by 0*0153 ; and fory, raised by 0 - 0102 . The mol. refractions by the 
/x-formula, for a, and y, are respectively 138*12, 141*48, and 143*70; the sp. 
refractions by the p.-^formiila respectively 0*0919, 0-0930, and 0-0948, and the mol. 
refractions, re 8 ])eotively 78*21, 79*72, and 80*71. A. Mailhe reported the formation 
of potassium mang^anic tetraselenate, K 2 Se 04 .Mn 2 (So 04 );^. 24 H 20 , potassium man¬ 
ganic selenium alum, in octahedral crystals. 

H. TojKsoe said that iron is only slowly attacked by selenic acid at ordinary 
temp., but when warm, selenium se])arates and liydrogen selenide is evolved— 
vide sufrra, selenic acid. E. Wohlwill pre])ared ferrous selenate, Fe 8 e 04 .nH 20 , 
from selenic acid and iron wire ; if the soln. i.s evajioratcd in an atm of hydrogen or 
carbon dioxide, and allowed to crystallize while hot, the pentahydrate, Fe 8 e 04 . 5 H 20 , 
is formed in crystals resembling those of cojiper sulphate. This salt is also formed 
when the heptahydrate efflores(‘es in air. If the soln. be allowed to crystallize at 
a low teni])., lU'ar O', crystals of the heptahydrate, FeSe 04 . 7 H 20 , isomorphous 
with the sulphate, are formed. H. Tojisoe also obtained this salt in pale, green, 
monoelinic crystals, from a soln. of ferrous carbonate in selenic acid. A. E. H. Tutton 
found that the reaction with ferrous carbonate- chalybite- and selenic acid occurs 
too slowly, and he obtained the soln. by the action of ferrous sulphide on a cone, 
soln. of selenic a(‘id. The hydrogen sulphide liberated in the primary reaction 
reduces the selenic acid to some extent iu accordance with the equation 
3 H 2 S f“H 2 Se ()4 —Se j 3 S-I- 4 H 2 O, liut this does not interfere with the application 
of the method. If the filtered soln. is allowed to crystallize, monoclinic crystals of 
Fe 8 e 04 . 7 H 20 isomorphous with FeS04.71l20 are obtained. The crystals of the 
selenate are much less stable than those of ferrous sul}>hate, and become opaque 
wdth such rapidity that it has not been possible to make any accurate goniometric 
observations with them. The cry.stais were also examined by G. N. Wyrouboff. 
W. Manchot and E. Linckh studied the combinations with nitric oxide— ferrous 
uitrosylselenjlte, FeSe() 4 .N() ^ude nitric oxide, 8. 49 , 35 . H. Topsiie obtained 
ammonium ferrous selenate, (N 114)2 Ke( 8 e 04 ) 2 . 6 H 20 , l>y evaporating at ordinary 
temp, a mixed soln. of the eornponent salts. The pale green, monoclinic 
crystals have the axial ratios 5 rc ^0*7405 : 1 : 0*5012, and j8=:-73"'47'. 
A. E. IL Tutton gave 0*7433 : 1 : 0*5209, and 9 ; and for the axial ratios 

\ ix> --6*3212 : 8*5043 : 4*2684. The (201)-cleavage is good; the (OlO)-cleavage 


not shown. The optic axial 

angles are : 





Li-lliie 

f'-liup. 

Na-linp 

Tl-line. 

f'd-Iinp. 

F-line. 

2E . 

145” 41' 

146” 1' 

148” 35' 

149” 24' 

150” 31' 

151” 20' 

2/frt . 

70” 31' 

70” 26' 

70' 18' 

70” 5' 

69” 56' 

69” 48' 

2Ho . 

91'45' 

91” 42' 

91" 11 ' 

90” 38' 

90” 22' 

90” 8 ' 

2Va . 

77” 36' 

770 37/ 

77” 46' 

77” 50' 

77” 52' 

77” 54' 


The angle 2E decreases by IT 24'when the crystals are heated to about 60°. 
II. Topsoe and C. Christiansen gave 2£V=142° 50', and 27^—76° 48'. H. Topsoe 
gave 2*160 for the sp. gr., used for the mol. vol. 225-4. A. E. H. Tutton gave 2*191 
for the sp. gr. at 20°/4°, and 220*39 for the mol. vol. The indices of refraction are: 

li-llne. C-llne. Na-lliie. Tl-llne. Cd-llnt*. i^’-Une. O-llne. 
a . . 1-5177 1-5182 1-521G 1*5251 1*5271 1-5291 1-9356 

P . . 1-5241 1-6246 1-6280 1-6314 1-6334 1-5354 1-5422 

7 . . 1-6343 1*6348 1-6381 1-6416 1-6437 1-5467 1*6524 
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With a rise of temp, of about 50°, a decreases by 00013; by O OOIO ; and y by 
0*0018. The sp. dispersions, /lig— p-r? A and y are respectively () (K)38. 0-<M)39, 

and 0*0039; and the mol. dispersions, respectively, 1-87, 1 - 88 , and 1*87. The sp. 
refractions for tlie tMine and the /xMormula are respectively 0*1381, 0*1398, and 
0*1420 ; and the rnol. refractions, 66*81, 67*50, and 68*59. The mol. refractions 
for the /Lt-formnla are respectively 114*21, 115*62, and 117*87. According to 
H. Topsde, th(‘ dry salt is fairly stable in air, but the aq. soln. decomjKises rapidly 
when warmed, depositing a basic salt. Similarly with potassium ferrous selenate, 
K 2 Fe(Se 04 ) 2 . 61 l 2 (), which furnishes pale green, monoclinic plates of the hera- 
hydrate^ witli Hie axial ratios a:b:c- 0*7407:1:0*5507, and ^ 75 15. 
A. E. H. Tutton gave 0*7490 : 1 : 0*5044, and J3--105" 50'; and for the tof>ic axial 
ratios x * ^ * ^'^ 6*2230 : 8*3083 : 4*1908. The ( 201 )-cleavage is shown by the 

crystals. The ojitic axial angles are : 

C-lmc. TMInc. CiMino. 7-lino 

2V„ lie uy 11GM8' 11(^42' l)(>^3r>' iur30' 

2IIn . 11' 04’ 12' 64'^ 18' (>4'’25' 64^30' (>4 ’ 


The sp. gr. is 2*494 at 2074°, 
are : 

LMlnf*. C-line. 

a . . 1*5059 l-50(>4 

P . . 1-5141 1-5149 

y . , l'5:i0(J 1*5311 


luul tlip mol. vol. 210-.‘59. The indices of refraction 


Na-liiic. 


Od-lino. 


(,' lino. 

1-5095 

1*5127 

1*5145 

1*5194 

1*5224 

1-5182 

1*5225 

1*5215 

1 -5253 

1*5314 

1*5245 

1*5379 

1 *5399 

1-5421 

1 -5463 


The sp. dispersions,/xr.- /xr. fora,/3,andyarerespectivcly0-0f)32, 0-f)0,T2, andO'(Kt33, 
and the mol. dis])cr.sions 1-64, T7(), and 1-75. The sp. refractions for the ( -line, 
and the xx^-forrimla are 0-1192, 0-1209, and 0-12-tl respeotivoly ; and the mol. 
refractions re.spoctively 62-r)5, 63-43, and 65-10. The. mol. refractions by the 
u-formnla are respectively 106-54,^08-33, and 111-74. H. Topsoc found that the 
a<i. soln. decomf)o8es as in the case of the ammonium salt. Hot aq. soln. also 
dcufosit triclinic; crystals of the isomorjdious witli the manganese, salt. 

According to A. E. H. Tutton, the diliydrate is formed in monoclinic crystals if 
the soln. bo evaporated at ordinary temp., and the hexahydrate when the temp, 
is near 0° 

A E. H. Tutton found that rubidium ferrous selenate, Ill)ijFe(Se 04 ).^. 6 H 2 (), 
furnishes pale blui.sh-^reen, holohedral, ])rismatlc, monoclinic crystals with the 
axial ratios « : ; c- 0-7424 : 1 : 0-5(KK), and ^ --104" 57', and the topic axial ratio.s 

X ii/i; < 0 =^ 6-3109 : 8-5(K)0 : 6-2503. The (201)-cleavaf?e is good. The ojitic axial 
angles are : 


Li-lUir. C'-line. 

2E . 130^27' 1:KH32' 

2Ha . 66° 36' 6(> ’ 4' 

2Hu . 94° 30' 94° 26' 

2Va - 73° 35' 73° 34' 


Na-^line. Tl-Iino. Cd-Hne. 

i:il°5' 131° 38' 132° U' 

66 17' 65° 39' 65° 47' 

94° 5' 93° 39' 93° 22' 

73 ’ 32' 73° 30' 73' 28' 


/'’-liiir 

132° 33' 
65° 33' 
93° 6' 
73° 26' 


A rise of 70° in temj). increases the angle 2E by 2°. The .sji. gr. is 2-800 at 2074 , 
and the mol. vol. 220-29. The indices of refraction are: 


Li-liftc. 
a . 1*5099 
3 1*5165 

V . . 1*5290 


(Mine. Xa-liue. 

1*5104 1*5133 

1 5170 1*5200 

I ’ *>95 1*5328 


Tl-line. Cd-line. 

1-6105 1*5184 

1*5233 1 5252 

1*5363 1*5382 


/'’-line. (?-lin(*. 

1-5202 1*5264 

1*5272 1*5334 

1*5401 1-5467 


A rise of temp, of 50° decreases a l.y 0-0016, j8 l)y 0-0018, and y by 0-(K)2l. The sp 
dispersions ap-uc, for.., /8, andy are 0-002H, 0-0029, and 0-fX)30 res[.ectively ; and 
the mol. dispersions, 1-73, 1-76, and 1-83 respectively. The sp. refractions for the 
C-line and the ix^-formula arc respectively 0-1069, 0-1080, and 0-1102; and the 
mol refractions 65-93, 66-65, and 68-00 respectively. The mol. refractions for the 
ix-formula arc 112-44, 113-89, and 116-65 respectively. A. E. H. Tutton prepared 
caesium ferrous selenate '■s2Fe(Se04).6Hi.O, in bluish-grey, holohedral, prismatic, 

VOL. X. ^ ^ 



882 


INORGANIC AND THEORETICAL CHEMISTRY 


moiioclinic crystals with the axial ratios a :h: c=0*7308: 1 :04979, and 
^r:]06®2'; and the topic axial ratios : i/r: a>==6*3847 : 8*7366 : 4*3499. The 
( 201 )-cleavage is excellent. The optic axial angle 2E in air is too large for measure¬ 
ment ; the other angles are : 




C-linr. 

Na-lino. 

Tl-liue. 

(*d-linp. 

i’-Iine. 

27/« 

. 75" 28' 

75" 23' 

75" 0' 

74" 26' 

74‘ 7' 

73" 53' 

2Ho 

87" XV 

87" 27' 

87" 22' 

87" 6' 

87" 58' 

86 " 49' 

2Va 

82" 58' 

82" 55' 

82 ^ 47' 

82" 33' 

82" 25' 

82" 20' 


TJie sp. gr. is 3*048 at 2074”, and the mol. vol. 233*21. The indices of refraction 


are : 



Li-llne. 

CMine. 

Na-linp. 

Tl-lino. 

f'lMino. 

F4ii,o. 

G'-lino. 

a 

1*5269 

1*5274 

1*5306 

1*5339 

1*5359 

1*5379 

1*6442 

^ . 

1*5317 

1*5322 

1*5352 

1*5385 

1*54(15 

1*5425 

1*5488 

7 • 

1*5379 

1*5384 

1*5114 

1*5450 

1*5470 

1*5491 

1*5555 


The sp. dispersions, /iq —ficr for a, and y are 0*0027, 0*0026, and 0*0027 respec¬ 
tively ; and the mol. dispersions, respectively 1 * 1 K), 1*87, and 1*92. The 
mol. refr^ictions for the C’-line and the p.2-fornmla are respectively 0*1009, 0*1017, 
and 0*1027, and the mol. refractions respectively 71*74, 72*29, and 72*99. The 
raol. refractions for the p,-formula are respectively 122*99, 124*11, and 125*56. 
A. E. H. Tutton found that the mono( 5 liriic crystals of thallous ferrous selenate» 
Tl 2 Fe(Se 04 ) 2 . 6 H 20 , have the axial ratios a : h : c -0*7445 : 1 : 0*5011, and 
j3-~ 105” 277 4he topic axial ratios are : 0 : a>--6*2846 : 8*4415 : 4*2300. The 
sp. gr, is 3*940 at 2074”, and the mol. vol. 216*30. The optic axial angles, and the 
indices of refraction, are : 



Ll- 

C- 

Na- 

Tl- 

Cd- 


21 (X . 

69" V 

69" 6' 

()9" 36' 

70" 3' 

70" 20' 

70 ’ 45' 

2E . 

125" 26' 

126" 48' 

130" iV 

134" 18' 

136" 48' 

140" 30 

a 

1*6291 

1*6297 

1*6352 

1*6415 

1 6452 

1*0496 


1*0453 

1*6459 

1*6514 

1*6578 

1*6617 

1*6602 

y 

1*6527 

1*6533 

1*6589 

1*6655 

1*6695 

1*6743 


The formula for is l*6265-t-745318A72-f-4616300000000A--4f . . for a, 1*6265 
is decreased by 0*0162, and for y, raised by 0*(K)75. The mol. refractions by the 
/x-forrnula for a, /3, and y are respectively 136*20, 139*71, and 141*31 ; the sp. 
refractions by the /i^.fopjxiula are respectively 0*0903, 0*0921, and 0*0929, and the 
mol. refractions respectively 76*93, 78*50, and 79*21. 

C. Roncagliolo prepared rubidium ferric selenate, Rb 2 Se 04 .Fe 2 (Se 04 ) 3 . 24 H 20 , 
or rubidium selenatoferrate, RbFe(Se 04 ) 2 . 12 H 20 , by dissolving freshly jjrecipitated 
ferric hydroxide in an excess of selenic acid, and adding the calculated amount of 
rubidium carbonate. The soln. deposits the salt in pale violet crystals belonging 
to the cubic system. The sp. gr. of the salt is 2*1305 at 18” ; and at 40”~45” it melts 
in its water of crystallization to form a red liquid ; the index of refraction is 1*50473 
for the medium red lino; 1*50699 for theiMine; 1*51190 for the medium green 
line; 1*51725 for the medium blue line; and 1*52290 for the medium violet line. 
Under analogous circumstances, caesium ferric selenate» C 82 Se 04 .Fe 2 (Se 04 ) 3 . 24 H 20 , 
or cwsium selenatoferrate, CsFe( 8004 ) 3 . 12 H 2 O, is formed in violet crystals belonging 
to the cubic system. The sp. gr. of the salt is 3*6176 at 15”; and at 55”~60” it 
melts in its water of crystallization. The index of refraction is 1*50884 for the 
medium red line; 1*51164 for the D-line; 1*51615 for the medium green line; 
1*52092 for the medium blue lino; and 1*52645 for the medium violet line. If 
in the preparation of this alum, the soln. be heated excessively, a greenish-yellow, 
basic alum is deposited. 

H. Oopaux obtained an unstable crystalline magma of cobaltic seleuate, 
€ 02 ( 8004 ) 3 . 181120 , by electrolyzing a soln. of cobaltous selenate in 40 per cent, 
selenic acid at —10”. A soln. of cobaltous hydroxide or carbonate furnishes a 
soln. of cobaltous selonate* which, when eva|K)rated between 30” and 40”, furnished 
E. Mitscherlich with triclinic crystals of the pent ahy dr ale, Co 8 e 04 . 5 H 20 , isomorphous 
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with the corresponding manganese sulphate. V. Lenlier and C. H. Kao obtained 
a soln. of tlie salt by the action of the acid on the carbonate. (L N. Wyroubi>tr 
obtained ru1)y-red, triclinic crystals of this salt by evaporating the soln. at biU-GO ' 

The crystals were examined by <1. N. WyroubofF, and H. Topsbe. The latter found 
the crystals to he stable in air ; to have a sp, gr. of 2*512 ; to be freely soluble in 
water ; and to efhoresce superficially in air at a temp, exceeding E. Mitsclierlicli 
said that if the aq. soln. be evuiporated over 15^", monoclinic. (*rystals of the haa- 
hifdrate, (/oSeOj.GlLO, are formed isomorphous with the corresponding sul]>hate. 
The monoclini(‘ jirisms w'ere found by H. Toj)H<5e to have the axial ratios a :h : r 
“1*5709 : 1 : 1*G<S15, and 14'. G. N. Wyrouhotf also made some observa¬ 

tions on the crystals. The (lOl)-cleavage is C(>m[)lete. The optical charact-iT is 
negative. E. Herlinger studied the structure of the crystals. II. Topsoc and 
G. Christiansen gave for the ojdic axial angle for Na-light, 21' 7'^ b*V, and 
2E -IV0\ and the indices of refraction -1*5225, and y -1*5227, wdnle for Li- 
light, j3“l*r)183. H. Topsoe gave 2*175 for the sp. gr. ; and (L WoidlT, 2*32. The 
crystals are stable in air, and freely soluble in water. If the aq. soln. be evaporated 
below JC, E. Mitsclierlicli found that crystals of the heptahydrate^ CoSe 04 . 7 H 2 G, are 
produced ; II. Topsoe obtained monoclinic prisms by evaporating the soln. at 
5'^“6 \ The axial ratios arc a:h:c 1*1833:1:1*545, and ^--1(VU57'. 

G. N. Wyroubojf also examined the crystals. II. To^jsoc found the sp. gr. to be 
2-135 ; and J. A. Grosharis compared the sp. gr. of the suljdiat<\s and selciiates. 

H. Topsoe said that the crystals readily pass into the hexahydrate when exposed 
to air. According to P. Bogdan, if an a(|. soln. of the normal selenate he heated for 
10-12 hrs. in a sealed tube at 100'^, a red mass of CObElt dihydroxytrisotenate* 
C'o(OH)o. 3 GoSc 04 , is formed. It is insoluble in water; soluble in acids ; loses no 
water at 210*"; and decomposes at 250''. 

0. von Hauer, and IL Topsoe prepared ammonium cobaltous selenate, 
(NH 4 ) 2 CVK‘'^^ 04 ) 2 .bH 2 (), by evai>orating a soln. of the component salts. The ^ruby- 
red crystals are isomor])hous with the corresponding sul])hato ; and H. Topsfie 
gave for the axial ratios of the monoclinic prisms, a\h:c 0-7414 : 1 : 0-5037, and 
^106° 23'. A. E. H. Tutton gave 0*7449 : 1 : 0^5031, and j8- lOG'’ 53'; the topic 

axial ratios are 6*3057:8-4651:4*2587. The (201)-cleavage is perfect, ^ 

(OlO)-cleavage is less clear. The optic axial angle 2E in air is so large aili|j;t)©'bo 
indeterminable, w hile for 



Li-llno, 

r-iiiu*. 

Ka-liiu', 

Tl-line. 

2Ha 

. 74" 

39' 

74° 38' 

74" 28' 

74° 

15' 

2Uo 

. 88" 

18' 

88° 14' 

87" 46' 

87° 

]()' 

2Va 

. 82 

rv 

82° G' 

82" 14' 

82° 

22' 



50 ' 

82 ^ 


H. Topsoe and U Cliristiarisen gave 21^^ 82"' 1' for the Na-light. H. Topsbe gave 

for the sp. gr. 2*212. A. K, H. Tutton pxve 2*228 at 20°/4", and 218*10 for the mol. 
vol. J. A. Groshans made a comparative study of the sp, gr. of the sulphates and 
selenates. II. Topsbe and C. Christiansen found that the optical character is 
negative; and the indices of refraction for Na-light, a—1*5246, ^--1*5311, and 
y:.^l-5396; wMle for the C-iine, 0^1-5280; for the i^Mine, 1*5392; and for the 
(y-line, 1-5455. C. Schaefer and M. Schubert studied the ultra-red reflection 
spectrum. A. E. H. Tutton gave for the indices of refraction • 


Li-Iine. 
a . . 1*5223 

8 . . 1*5287 

y . . 1-5377 


r-Iine. Na-lino. 

1-.5228 1*5261 

1-5292 1*6327 

1-5388 1-5417 


TMine. Cti-llnc. 

1*6204 1*5315 

1*5362 1-5380 

1*6453 1-5474 


1-5335 1*5398 

1*5401 1*5466 

1-5496 1-5562 


There is an increase of about 0-0013 for a rise of temp, of 60°. The sp. dispersions 
for a, P, and y are respectively 0-0037, 0-0038, and 0-0039 ; and the mol. 

dispersions 1-71, 1-84, and 1-89. The sp. refractions for (7-line and the /i^-formula 
are respectively 0-1371, 0-1385, and 0-1404; and the mol. refractions are respec- 
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lively 114-02, 116-42, and 117-38. J. Ferguson found for the equilibrium press, 
in the system (NH4)2Co(Se04)2.6H2(M(NH4)aCo(Se04)i>.2H20+4H20 : 

SiV-O” sir 415 “ 5 (i 3 “ 4 ,'. fi’ 6 H 4 ’ Til" 

PrORH. . 3*4 5*9 10-3 29*5 53 1 64-8 75*5 mm. 

H. Topsoe found that the salt is stable in air ; niul fre»*ly sfiluble in water. 

C, von Hauer, and H. Tojisoe prejiared potassium cobaltous selenate, 
K2Co(»Se()4)2.6H20, in a similar manner. The eryst.ils are isomorphous with the 
corresponding sulphate. The garnet-red, monoehine crystals were found by 
11. Tops()e to have the axial ratios a:b:c 0*7‘n9 . 1 : 0*r)8r)(b and 
A. E. H. Tutton gave 0*7522 : 1 : 0*5062, and p 104 ’ 17'; and for the topic axial 
ratios ;)^ : (//: to 6*2197 : 8*2688 : 1*1856. The (201)-clcavage is excellent. The 
optic axial angles are : 



Li-lino 

r-lim* 


TMino. 

Od-line. 

2E 

103 M3' 

103 49' 

101 2.%' 

10.5^^ 18' 

105" 40' 

2Hn 

r><r 37' 

.5(J 37' 

50 33' 

50" 28' 


2Un 

. J03M38' 

103 30' 

103*" 9' 

102 35' 

— 

2Va 

02^ 12' 

(»2^ 13' 

02^^ 19' 

02 27' 



The angle 2E increases about 5° 30' when lieated from ordinary temp, to 80°. The 
sp. gr. is 2*514. A. E. H. Tutton ejave 2*530 at and for the mol. vol., 208*60. 

J. A. Groshans made a comparative study of the sp. gr. of these salts. H. Topsoe 
and C. Christiansen found the optieal eharaeter to he positive and the indices of 
refraction for the Na-light, a 1*5035, P— J*5195, and y - 1*5358 ; and jS—1*5162 
for 0-light, and 1*5270 for i^Might. A. E. H. Tutton gave for the indices of 
refraction : 


Ll-llno 

r-lino. 

Na-hii'*. 

Tl-lino 

(M-lluo. 

F-llne. 

TMino. 

1*5122 

1*5127 

1*5158 

1*5191 

1*5211 

1*5231 

1*5393 

1*5181 

l* 518 (i 

1*5218 

1 *5250 

1*5271 

1*5291 

1*5354 

1*5341 

1*5347 

1 5380 

1*5415 

1*5435 

1*5456 

1*5522 


A rise of temp, of 60° decreases the refractive indices by about 0*0026. The sp. 
dispersions for a, jS, and y are respectively jjni- /^c“"0-0033, 0*0032, and 0*0033 ; 
and the mol. dispersions respectively 1*70, 1*71, and 1 * 77 . The sp. refractions for 
the 0-line and the /x2-formnla are respectively 0*1187, 0*1199, and 0*1230 ; and the 
mol. refractions respectively 62*66, 63*27, and 64*91. The mol. refractions by the 
/x-formula are respectively 18()*99, 109*18, and 111*54. The crystals are stable in 
air. J. Ferguson found for the equilibrium press, in the system K 2 Co(Se 04 ) 2 . 6 H 20 
;r^K 2 Co(KSe 04 ) 2 . 2 H 20 t-4H20 : 

26-P 3.10® 42 43 8® 48 5® 012® 08 2® 

Press. . 204 33*5 58 5 02*4 79*9 148*5 199*2 mm. 

L. C. Lindsley and L. M. Dennis prepared thallous cobaltous selenate, 
Tl 2 Co(Se 04 ) 2 . 6 H 20 , isomorphous with the corresponding thallous salts of copper, 
nickel, magnesium, and manganese. A. E. H. Tutton gave for the axial ratios of 
the monoclinic crystals a : 6 : C"0*7463 : 1 : 0*5021, and p -105° 40'; the topic 
axial ratios are ^ : ca -:-6*2696 ; 8*4010 : 4*2181 ; the sp. gr., 3*998 at 20°/4°; and 
the mol. vol., 213*92. The optic axial angles, and the indices of refraction are : 



Li- 

C- 

rra- 

TI- 

Cd- 

/'’-Itffht. 

2 Fa . 

66 " ir 

66 " 15 ' 

66 *' 42 ' 

67 " 4 ' 

67 ^ 18 ' 

67 " 36 ' 

2E . 

IIP 4' 

111 " 10' 

112 " 30 ' 

113 ' 40 ' 

114 " 25 ' 

115 " 10 ' 

a 

1*6397 

1*0402 

1*6442 

1*6485 

1*6515 

1*6552 

P - 

P 6490 

1*6495 

1*6535 

1*6578 

1*6608 

1*6646 

y 

1*6545 

1 *6550 

1*6590 

1-6635 

1*6666 

1*6706 


The formula for ^ is 1*6322-1 798281A*“4 156J300(XX)000A“4+ . . . ; for a, 1*6322 
is diminished by 0*(X)93, and for y, increa.sed hy 0*0056. The mol. refractions by 
the fi iormuh for a, andy, are respectively 136*96, 138*94, and 140*12 ; the sp. 
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refractions by the jLt“-formula are respectively 0*0901, 0*0911, and 0*0918 ; and the 
mol. refractions, respectively 77*09, 77-9t), and 78*50. 

A. E. H. Tuttoii })repared rubidium cobalt selenate, Hb2t'o(8eO4)2.01l2O, in 
ruby-rod, Ijolohedrai, inonoclinic ])rism.s showinji!: more or less tabular forms, and 
with the axial ratios a : h : c--0*7427 : 1 : 0*5019, and ^ d()5‘^ 14'; and the topic 
axial ratios 6*2901 : 8*16)93 : 4*2508. Tlie cleavage [)arallel to (201) is 

perfect. The o])tic axial angles are : 



l.i-liiu*. 



Tl-liiie 

2H 

isr 8' 

isr 14' 

V^'2^ 5' 

153 ’ 0' 

2Ha 

50' 

47' 

G(i 28' 

0' 

2I/n 

01 55' 

04 :u' 

04 0' 

05 45' 


The o])tic axial angle 2A increases about 5"^ for a rise of temp, of abtnit 65'\ The 
sp. gr. is 2*837 at 207 I , and the mol. vol. 218*49. The indices of refraction are : 



C'liiK'. 

X <1-1 me. 

TMim-. 

(’(I'liiic. 


(Mine. 

1-5 Kill 

1-5108 

1-5199 

1-52:12 

1-5252 

1-5275 

1-5555 

1-5220 

1 5225 

1 -5250 

1*5290 

1-5511 

1-5552 

1-5595 

1-5529 

1-5534 

i-5509 

1-5404 

1-5425 

l'544(i 

1-5508 


There is a (j(‘crease of about 0*0025 for OO'^ rise of temp. The sp. disj)er.sions for 
tt, and y are 00028, 0*01)29, and 0*0029 respectively; and the mol. dispersions 
are 1*76, 1*79, inid 1*83 respectively. The sp. refractions for the Udine and the 
/x^-fonnula an* 0*106(), 0 *lO 7 r), and 0*1095; and the mol. refractions an* ()6‘08, 
66*69, and ()7*86 res[)ectivelv. The mol. refractions with tlie /x-formula are res]>ec- 
tively 112*92, 114*16, and 116*54. 

A. K. H. Tutton likewise prepared caesium CObaltous selenate» (kj(^o(Se 04 ) 2 . 
611 . 20 , in n‘d, holohedral, monoclinic j)risTn.s with the axial ratios d : h : c 
— 0*7310:1:0*1989, and --106'' 18'. The topic axial rati(js are y : j/r: m 
-6*3618 : 8*7028 : 4*3418. The ( 20 l)-cleavage is j)erfect. The optic axial angle 
2E is so large that it does not emerge in air : 



Li line. 

(Mine 

N a-line. 

Tl-line. 

2Ha 

79" 25' 

79’^ 17' 

78' 41' 

78" 9' 

2Ho 

. 84 17' 

84' J 0' 

84" 11' 

84^^ 5' 

2Va 

. 87 11' 

87" 8' 

80" 48' 

80" 32 


The sp. gr. is 3*094 at 2074^^, and the mol. vol. 230*73. The indices of refraction 
are : 


Li-lin<‘. 

(’•line. 

Xa line. 

Tl-line. 

0(l-hn<‘ 

/-line. 

(7-line. 

1-5510 

1-5:121 

1-5.551 

1-5589 

1-5409 

1,5450 

1-5492 

1-5500 

1-5505 

1-5599 

1-5434 

1-5454 

1-5475 

1-5559 

1-5412 

1-5418 

1 -5455 

1-5489 

1-5510 

l-.5r)31 

1-5590 


The refra(*tive indices diminish by about 0*(K)18 for 60' rise of temp. The sp. 
dispersion, /Xfj /xc, for a, andy are respectively 0*0026, 0*0027, and 0*0027 ; and 
the mol. dispersions 1*90, 1*93, and 1*97. The sp. refractions for-the C-line and 
the/u,2-formula are respectively 0*1002, 0*J(X)9, ami 0*1017, and the rnol. refractions 
respectively 171*51, 72*00, and 72*59 ; while for the yx-formula, the mol. refractions 
are respectively 122*77, 123*79, and 125*01. 

C. T. Klobb prepared cobaltic bexamminoselenate, |Co(NH 3 )(i| 2 (J^*-‘ 04 ) 2 . 5 H 2 (), 
by evaporating a neutral soln. of cobaltic hexamminohydroxide in selenic 
acid; the brownish-yellow monoclinic jirisrns have the axial ratios 
a ; f): c—1*1350 : 1 : 1*4023, and ^ --90^35'. This salt was also prepared by 
J. Meyer and 11. Moldenliauer. 0. T. Klobb jireiian d cobaltic hexamminohydro- 
seleuate, [Co(Nll3)6)(Se04)(I18e04).2pi2^^j from a soln. of the former salt with an 
excess of selenic acid. The salt is not decomposed by water. The triclinic crystals 
have the axial ratios a :h: c- 0*8455 : 1 : 0*4729, and a-99'' lo', P ^86'47', and 
y-88‘' 50', and ammonium cobaltous hezamminoselenate, [0<>(N 113 ) 61 ( 8004 )- 
(NH 48 e 04 ). 4 H 20 , by neutralizing the hydroselenate with ammonia. The crystals 
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are iaiomorplious with the corresj>oiiding sulphate ; the axial ralios of the rhombic 
crystals are a:h : 0-^0-9595 : 1 : 1 - 2024 . In addition to the ietrahydraie, a dihydrate 
was also obtained in morioelinic crystals with the axial ratios : 6 : c—1-4285 : 1 : 
0 * 6469 , and j 8 ~- 94 '’ 12 '. F. M. Jiiger reviewed the characteristics of these, salts. 
J. Meyer and K. Gi older prepared cobaltic trisethylenediajninotrihyd^ 
[Coen3](lISe04)8, where “ enis written in place of G2H4(NH2)2; they also 
obtained cob^tic trisethylenediaminohydroselenate, L^'f>en3](Se04)(HSe04)6, and 
cobaltic trisethylenediaminoselenate, [Coeng 12(8604)3.1120. 

J. Meyer and H. Moldenliauer prejmrod cobaltlc aquopentamminoselenate, fCo{H^O)- 
(NH3»5l2(Se04)g.3Hj0, analogous to roseocobaltic sulphate; CObalUc chloropentam- 
minosdenate» [CoCl(NH3)jlSe04, analogous to purpurco(X)balti(j sulphate; cobaltic nltrito- 
pentammlnoselenate, [Co(NOji)(NH3)5]8e()4. which like the sulphate forms a poriodide; 
cobaltic sulphatopentamminoselenate, 0o(S04)(NH3)5]2Se04.2H >0, the corresponding sulphate 
is inonoliydrated ; cobaltic selcnatopentamminohydroselenatc, [Co(Se04){NH3)5JHSe04.2H20» 
■which formed the starting point for the jiroparation of a senes of related sclenato- 
pentanimmes—cobaltic selenatopcntamminoselenate, LOo{8e(>4){M H3)^l2SoC)4.H gO; cobaltic sele- 
natopentamminosulphatc, [Co(8e04)(NH3)312804.H^O; cobaltic selenatopentamminonitrate, 
[Co(Se04)(NH3)5JN03; cobaltic selenatopentamminobromide* LCo(8o04)(NH3)5]Hr; and co¬ 
baltic selenatopentamrainocliloroplatinate, [Co(Se04)(NH3)Bl».PtCl3.2H20. J. JS. Bronsted 
and A. I^eb^rsen found the molar solubility of cobaltic dinltritotetrammlnoselenate, 
[Co{NHj)4(NOo)2]2^Se04, to be 0*0092 at 20 '’. J. Meyer and co-workors also prepared 
cobaltic hltratopentamminohydroselenate, [Co(NH3)3{N0B)JHSe04; as well as cobaltic thiocar- 
bimidopentamminoselenate, t0o(NHa)5(NC8)j28eO4.2H.2O; cobaltic carbonatopentamminoseie- 
nate, [Co(NHB)3(COa)]28e04; cobaltic oxalatopentamminosclenate, [Co(NH3)B(C..,04)]2Se04. 
3H2O; and cobattic oxalatopcntammlnohydroseicnate, |0o{NH3)3(02()4)JH8eO4.H26. 

J. Meyer and H. Moldonhauer prepared cobaltic dlaquotetramminoselenate, [Co(H20)2' 
(NHa)4]3(8e04)3.3H20 ; cobaltic carbonatotetrammlnoselenate, LCo{C03)(NH3)4j28e04.3Ho0*; 
cobaltic transdichtorotetramminohydroselenate, 10oCl2(Nfl3)4jH8o04; cobaltic transdichloro- 
tetrapyridinohydrosclenate, rCo01oPy4]H8e04.2H20; cobaltic cis-dinitritotetramminoselenate, 
lCo(N02)2(NH3)4],>Se04, from flavoocobaltic nitrate ; and cobaltic transdlnltritotetrammino- 
SClenate, [F\i(N()3)2(NH3)4]2,Se04, from crocoo-cobaltic chloride. J. Moyer and co-workers 
prepared cobaltic aquonitratotetramminohydroselcnate, [Co(NH3)4(H^O)(N03)J(HSe04)2 ; co¬ 
baltic aquonitritotetramminoselenate, {Co(NB3)4(H20)(K02)l38e04; ^baltic blshydroselenato- 
tetramminoselenate, [Co(NH3)4(H8e04)2]8e04.4H20 ; cobaltic aquohydroxytetrammlnoselenate, 
Co(NH3)4(H20)(HO)8e04; cobaltic aquoselenatotetrammlnoselenate, L(^o(NH3)4(H20){8e04)j2- 
S0O4; cobaltic aquoselenatotetramminohydroseienate, [Cc>(NH3)4(H.^O)(8o04)]H8eb4; cobaltic 
aquosolenatotetramminoohioride, [C/o(NH3)4(H2O)(8eO4)]01; cobaltic aquoselenatotetram- 
minosulphato, [Co(NH3)4(H.^O){Se04)]2S04.4H20: cobaltic aquosulphatotetramminoselenate, 
|(Jo(NH3)4(H20)(S04)].28e04.41i2(); cobaltic aquochlorotetramminoselenate, [Co(NH3)4(H20)- 
ClJ2Se04; cobaltic aquobromotetrammlnoselenate, LCo(NH,)4(HaO)BrJ2Se04; cobaltic oxala- 
totetramminoselenate, [Co(NH3)4(C204)J28e04.2H20; cobaltic oxalatodiethylenediamino- 
selenate, |0o,en2(CJ8H2O4)]2Se()4.3H2O ; and cobaltic dithlocarbimidobisethylenedlaminohydro- 
selenate, L<-^’o,en.2(CN8)2l2HSe04. 

J. Meyer and co-workers prepared cobaltic diaquochlorotriamminoselenate, [Co(NH3)3- 
(H20)2ClJ2Se04; and also eob^Uc diaquodlpyrldinodiamminohydroselenate, (Co(NH3)2- 
(r3H3N)3(H20)2]2Se04(HSe04); cobaltic diaquodichlorodlamminohydroselenate, 
(H20)2Cl2]HSo04; and cobaltic bisdimethylglyoximlnodlamminoselenate, LCo(C4H702N2) 

(NH 3 ) 2 ] 2 Se 04 . 

A number of other complex selcnates was prepared by J. Moyer and co-workoi*s, thus, 
dloobaltlc tetranitrito-M-selenatohexammine, L(NH3)3(N02)2Co.Se04.Co(N02)2(NH3)aJ.2H20 ; 
trihydrated dicobaitie peroxydocamminoselenate, !(NH3)3Co.02.Co(NH3)5](So04)a.3HgO; 
ootohydrated dicobaitie peroxydecamminoselenate, L(^H3)3Co.O,.Co(NH3)j](Se04)3.8H20; dico- 
baltic peroxydecamminohydroselenate, [(NH3)3CoOsCo(NH3)3]‘(HSe04)4; dicobaitie gamldodo- 
camminoselenate, r(NHa)3Co.NH2.Co(NH3)3]2(Se04)B; dicobaitie Mamidoaquoehloroctammino- 
sdenate, LCl(NHa)4Co.NH.2.Co(NH3)4(H20)](Se04)2; dicob^tio M-amidoH>otamminohydro- 
seienate, 

j^(NH,),Co<^®H*>Co(NH,),j(Se04)(HSeO,); 

dicobaitie /A-amidoseleiiato-octamminonitrate, 

[(NH,).Co<^®^‘>Co(NH,),j(NO,),; 
dleobaltlc /u-Amldosdeiiato-octammlnohydrosulphate, 

[(NH,),Co<^^‘>Co(NH,).](SO,HHS04); 
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dioobaltic /u-amidosulphato-octamminohydroselenate, 

[(NU,)4Co<|®*>Co(NH,),](SoO,)(llSeO,); 
dicobaltic M-amidoperoxyoctammlnoselenate, 

[(NH3).Co<j^j| >Oo(NH3),],(SeO,)3 ; 

dicobaltic ju-amidohydroxyoctamminoselenate, 

j^(NH3),Oo<^//^>Co(NJI,)3j(Se03),; 
dicobaltic M-amidonitrito-octamminoselenate, 

j^(NU3),Uo<^JJj>('o(Nll3)4]«5o0..2H,0; 

dicobaltic dihydroxyoctamminoselenate, 

[(N ColNH,).] SefVaH 3O ; 

dicobaltic trlhydroxyhexammlnoselenate, 

r 1 

(NH3 ),(.’</-()H-/Co(NW3)3 (SeO,),.0H3O ; 

L J 

dicobaltic M-nitrltodihydroxyhexammlnoselenate, 

r ^ 1 

(Nir 3 ) 3 Co—OH-^Co(Nn,), (Se 04 ),. 2 H ,0 ; 

L NO./ J 

tetracobaltlc hexahydroxydodccammlnoselenate, 

[(’o|oHCo(NH.)4|,j(Se04),. 

E, Mitscherlich prepared nickel selenate, NiSe 04 .r>Ho(), l)y ciystallizinj^^ a 
fioln, of tile salt at ordiii.ary temp. ; and the same hydrate is produced if the temp, 
of crystallization ranges from 4® to 80°. It was also prepared by 0. von Hauer. 
V. Lenher and C. H* Kao obtained a soln. of the salt by the action of the acid (in 
the carbonate. H, Topsde said that the tetragonal crystals have the axial ratio 
a : c-=l : 1*8364, and they are isomorphous with the corresponding sulphate, and 
with zinc selenate. G. N. WyrouboiT said that the salt is dimorphous like the corre¬ 
sponding sulphate, for he was able to obtain monoclinic as well as tetragonal crystals. 
The crystals are stable in air, and H. Topsde gave 2*314 for the sp. gr. H. Topsoe 
and C. Christiansen gave for the indices of refraction for the C-, jD-, and E-lines 
a=l*5257, 1*5393, and 1*5473 respectively; and y—1*5089, 1*5125, and 1*5196 
respectively. G. L. Clark found that the vap, press, of nickel he x a mm i n oseleyite, 
Ni(NH 3 )cSe 04 , at 441° is 760 mm. C. von Hauer prepared ammonium nickel 
selenate, (NH 4 ) 2 Ni(Se 04 ) 2 . 6 H 20 , from a soln. of the component salts. H, Topsde 
said that the emerald green crystals are isomorphous with the corresponding 
sulphate; the axial ratios of the monoclinic crystals are 0*7378: 1 : 0*5042, and 
j8-=106° 19'. A. E. H, Tutton gave 0*7395; 1 : 0*5048, and j5--106° 17'. The 
topic axial ratios are x • ^ • oi=6*2520: 8*4543 : 4*2678 ; the (201)-cleavage is well- 
developed, and the (OlO)-cleavage is not so distinct. The optic axial angle 2E is 
too large for measurement, while 



Li-Une. 

0-Une. 

Na-Une. 

Tl-Unc. 

Cd-Ilnc. 

i^’-Iinc. 

2Ha 

78° 43' 

78° 41' 

78° 12' 

78° 4' 

77“ 63' 

77° 41' 

2Ho 

. 85° 6' 

86° 3' 

84° 40' 

84° 15' 

83° 58' 

83° 39' 

2Va 

86° 19' 

86° 19' 

86° 21' 

86° 24' 

80° 20' 

86° 29' 


H. Topsoe and C. Christiansen gave 2Fa=86° 14'. H. Topsde found the sp. gr. to 
be 2*212, and J. A. Groshans made observations on this subject. G. L. Clark 
studied the relation between the at. vol. and the stability. A. E. H. Tutton gave 



888 INORGANIC AND THEORETICAL CHEMISTRY 


2-243 for the sp. gr. at 2074“, and 216-53 for the mol. vol. The indices of refraction 
are: 



TJ-Ihr*. 

(’-line. 

Ntt-liiu*. 

TMine. 

Cd-Illie. 


(Mine. 

a 

. . 1*5246 

1*5251 

J *5285 

1*5,320 

1*5359 

1 *5360 

1-5423 

P 

. . 1*5382 

1*5337 

1*5370 

I - .5405 

1-5425 

1*5447 

]-551(> 

y 

. . 1-5419 

1*5424 

1*5460 

1*5496 

1*5617 

1*5539 

1-5602 

H. 

To})soe and C 

. Christiansen made 

some 

observations 

on this 

subject. 


A. E. H. Tutton found the s]). disiiersions, y respec- 

tively 0'(X)38, 0-0037, and 0-0038, and the mol. dis|iersioiks, 1-81, l-8i, and 1-84. 
The sp. refractions for the C^-line, and tin- /x“-formula, are resjiectively 0-13G6, 
0*1385, and 0-1404, and the mol. refractions G()-37, 67*27, and 68-19 respectively. 
The mol. refractions for the/x-forrnula are 113*70, 115-56, and 117-45. C. Schaefer 
and M. Schubert studied the ultra-red reflection sjiectrum. C. von Hauer said 
that the salt lost only 0*6 part of water at lOO''. J. Ferguson found the press., 
p mm., in the equilibrium (Nll4).>Ni(Se04)2.6lLfK-(NH4)2Ni(Se04)2.2H20-f-4H20. 

28 3" 37 2^ 43 0'" 56 0“ 63 2" 60 0“ 77 0“ 

p , . . 7 0 2 0 8-2 13-9 20 3 32-2 

C. von Hauer prejian^d potassium nickel selenate, K2Ni(Se04)2.6Ho0, from a soln. 
of the comjionent salts. The cry.stals have the form of the corres[)onding sulphate ; 
and (x. vom llatii gave for the axial ratios of the monoclinic crystals a :b : c 
^-^0-7454 : 1 : 0-50()0, and ^90" 52'; A. E. H. Tutton gave 0-7467 : 1 : 0-5059, and 
j3--^l04'^ 27'; the topic axial ratios x - fA • 6*1677 : 8-2898 : 4-1786. The (201)- 

cleavage is well-developed. The optic axial angles are : 

U-Jinc. r-linc. Na-IIhc. Tl-linc Cd-liiK. i*'-llne. 

2E . 129M2^ 129M7' 130^3' 130^54' 20' 131“ 46' 

2Ha . 66 12^ 66M0' 65 58' 65“ 45' 65“ 34' 65^27' 

2Tfo . 95'43' 95^39' 95' 12' 94“ 42' 94 '39' 94“!' 

2i'a . 72'45' 72 45' 72 ’ 48' 72^51' 72'53' 72“ 66' 

A rise of tem]>. of 50 * increases the optic axial angle 2E by 3° 10'. H. Topsoe gave 
2-539 for the sp. gr. ; and A. E. II. Tutton, 2*559 at 20°/4'', and for the mol. vol. 
206*14. The indices of refiaction are : 



l,i liar. 

('-line 

Xa-ljno 

'ri-hiif‘. 

Cd-lim*. 

i''-liiio. 

(Mine*. 

a 

. J-5142 

1*5147 

1-5ISI 

1-.5212 

1-5232 

1-5251 

1-5314 

P ■ 

1*5232 

1 -5237 

1-5272 

1 r>:io5 

1-5325 

1-5344 

1*.5407 

Y ■ 

. 1*5387 


1*5427 

1*5464 

1-5486 

1-5507 

1-5571 


A rise of temp, of 55'^ decreased the refractive- indcwX 0-0018. II. Topsoe and 
C. Christiansen made some observations on this subject. A. E, 11. Tutton gave for 
the sp. dispersions, fjm fic, for a, j3, andy respectively 0-0032, 0-0032, and 0-0(')33 ; 
and the mol. dispersions respectively 1-68, 1-71, and 1-77. The sp. refractions for 
the C-line and the /x--formula are respectively 0-1178, 0-1195, and 0-1225 ; and the 
mol. refractions res])ectivcly 62-14, 63-04, and 64-60- the mol. dispersions with the 
/x-formuia are respectively 106*10, 107-96, and 111-10. 0. Schaefer and 

M. Schubert studied the ultra-red reflection spectrum. C. von Hauer found that the 
salt loses 13-35 per cent, or 4 mols. of water at lOO*^. J. Ferguson found the dis¬ 
sociation press., p mm., for the reaction K2Ni(Se04)o.6H20v^K2Ni(Se04)o.2H20 
-b4H2(), are : 

29 * 9 “ 40 0 " 48 * 0 “ 53 9 “ 64 1 “ 

p . , . 11*9 25*3 46*4 63-9 119-0 

A. E. H. Tutton jirepared rubidium nickel selenate, Rl)2Ni(Se04)2.6H20, in 
green, more or less tabular, monoclinic crystals having the axial ratios a:h :c 
=-0*7395:1:0*5031, and ^-~105‘'20'. The topic axial ratios are 
=6*2533 : 8*4561 : 4*2542. The (201)-cleavage is good. The optic axial angle 2E 
is too large for measurement; the other angles are : 
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Li-linc. 

O-line. 

Na-llnc. 

Tl-liue. 

(JiMino. 

FAhiQ. 

74'’ 42' 

7:r 38' 

74" 0' 

73^ 52' 

73° 35' 

73" 21' 

87^ 47' 

87 29' 

87° 32' 

87" 15' 

87° 2' 

89° 53' 

82 ■ 2:r 

82^ 22' 

82° 13' 

82° 7' 

82° :r 

81° 58' 


I lie s]>, ^r. is 2-850 at 20and tlie mol. voL, 21G-9G. The indieea of refraction 
an*: 


la Inx . 

C-htu . 

Nii-hiu‘. 

TMicie. 

Ca-llnc. 

/'-llIU 


loKU 

1-5109 

1-5198 

1-5231 

1-5248 

1-5298 

1 -5335 

1 5253 

1-5258 

1-5291 

1-5:125 

1-5342 

1-5393 

1-5429 

1-5351 

1 -5359 

1-539U 

1-5424 

1-5443 

1-5499 

1-5534 


A rise of 55“ in temp, diminished the refractive index 0*0017. The ap. disjiersiidns, 
f<n a, and y are respectively 0*0029, 0*0030, and 0*0030, and the mol. 
dis]>ersions 1*84, J*81, and 1*80 resjieetively. The ap. dispersions for the f’line, 
and the p,“-forinula, are 0*1059, 0*107d, and 0*1091 respectively ; and the mol. 
refractions, 05*59, 06*57, and 07*01 respectively. The mol. refractions for the 
/x-formula are 112*08, 114*17, and 110*30 respectively. J. Ferguson found 
the dissociation jiress., p mm., for tlie reaction llb2Ni(8e()4).>.Olh.O- "4H2O 
-1 Ilb.Ni(Se()4)o.2H.O, Hie: 

3U2 38 2" 52 3® 02 0^ 75 0" 

. lo 3‘i 9-0 16*0 37-9 

Emerald-oroeii (-rystals of ceesium nickel selenate» Cs2Ni(8e04)o.011^,0, were also 
])re])ared ; the axial ratios of the liolohedral, prismatic, inonoclinic crystals are 
a : b : 0*7288 : 1 : 0*4993, and ^ -100“ 11'; the topic axial ratios are y : i//: a> 

— 0*3317 : 8*0878 : 4*3378. The (20l)-cleavage is good. Tiie optic axial angle 2E 
is too large for measurement; the other angles are : 



U-lliw. 

C'-lifu*. 

TMImp. 

Cd-li«c‘. 



21 fa • 79 7' 

79 5' 79" O' 

75" 55' 

75° 50' 

75° 43' 


2Ho . 88 57' 

88'52' 87 57' 

87 ’ 11' 

89° 49' 

89° :10' 


21a • 8 2 *' ‘1' 

82° 43' 83° 8' 

83" 28' 

83' 37' 

83° 43' 

The 

sp. gr. is 3*114 at 20 74° and tlie mol. vol. 229*17. The indices of 

refraction 

are; 

Li-Ihh'. 

r-iiiif'. iSa-Hiie. TMiiu*. 

CM-line. 

i'-Jiae. 

(i liiK-. 

a 

, . 1 5358 

1-5393 1-5395 1*5428 

1-5447 

1-5 497 

1-5533 


. . 1-5412 

1-5417 1-5450 1-5483 

1-5504 

1 -5525 

1-5589 

y 

. . 1-5451 

1-5459 1-5519 1-5529 

1-5547 

1 5598 

i-5931 


For 55rise of temj)., the refractive index a decreases 0*0013 ; 0*0010 ; and y, 

0*0018. The sp, dispersions, for a, j3, and y arc resj>ectiv ely 0-iK)20, 0*0027, 

and 0*0027 ; and the mol. dispersions 1*88, 1*89, and 1*92. The s]>. refractions 
for the CMine and the jLt2-formula are 0*1012, 0*1010, and 0*1010 resjiectively ; 
and the mol, refractions respectively 71*49, 72*09, and 72*52. The mol. refractions 
for the ^-formula are 122*90, 124*14, and 125*03 respectively. J. Ferguson 
found the dissociation press., 'p mm., for the reaction Cs2Ni(8et)4)2.0HM()v ^IH^O 
1 CsNi(8e04)2.2H20, are : 

30-2® 38-2® :>2-3“ 52 (C 75'.)' 

p . . . 15-8 26*8 59-4 95-5 157-1 

L. G. Lindsley and L. M. Dennis prepared thallous nickel selenate, T]2Ni(Hc()4)2. 
OHgO ; it is dehydrated at 120°, and then becomes yellow. A. E, H. Tutton gave 
for the axial ratios of the monoclinic crystals, a :h : c—0*7450 : I : 0*5019, and 
36'. The cleavage is parallel to (201). The topic axial ratios are y : i//: a> 
—6*2680 : 8*4066 : 4*2193 ; the sp. gr., 3*993 at 2074° ; and the moi. vol., 214*13. 
The oi)tic axial angles, and the indices of refraction, are : 



Li- 

C- 

Xa- 

(.M- 

P~ 

C'-liRht 

21’ . 

58 5' 

58 10' 

58" 59' 

59" 51' 

90’ 17' 

9(r 53 

2E . 

107° 24' 

107° 31' 

107" 20' 

112 3' 

114 ’ 10' 

115° 38 

a 

1-9334 

1 *9339 

1*9378 

1 -9443 

1-9480 

1-9523 

^ • 

1-9454 

1-9459 

1-9498 

1 -9593 

1-9900 

1-9943 

y 

1*6512 

1-9517 

1-9590 

1*9929 

1-9990 

1-9709 
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The formula for jSis 1-6504+882286A 30.TJ080(XKX)0<)OA fora, L6504 

is diminished by 0-0120 ; and fory, it is raised by 0-0062. The mol. refractions by 
the/r-fornuila, for a, andy, arc respectively 135-74, 138-31, and 139*56 ; the sp. 
refractions by the /x--forinula are respectively 0*0895, 0*0909, and 0*0915, and the 
mol. refractions, respectively 76-56, 77-71, and 78-26. 

K. Hradecky o})tHined palladious selenate» PdSe04, by dissolving palladium 
in a mixture of sehmic and nitric acids. It forms dark brownish-red, hygroscopic, 
rhombic prisms of sp. gr. 6-5. Wlien warmed with cone, hydrochloric acid chlorine 
is evolved. It forms double salts with ammonium sidphate and ammonium 
sel^nate— ^ammonium palladious selenate —when a mixture of the two salts is 
crystallized from a soln. in cone. hydro(‘h]oric acid. Palladous selenate softens at 
a reddieat and then decomposes. K. llrddecky also found that cold selenic acid 
has no appreciable action on osmium at ordinary temp., but at 120'^ the element 
forms a colourless soln. which contains selenious acid and osmium tetroxide, but 
no osmium selenate. 
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§ 18. Selenium Halides 

G. J. Knox 1 ]:)assed selenium vapour over lead fluoride, melted in a platinum 
tube, and obtained selenium fluoride which can be volatilized without decom¬ 
position, and dissolved in cone, hydrofluoric acid. H. Moissan also said that 
selenium is attacked by fluorine in the cold ; there are abimdant white fumes, and 
the selenium soon melts and takes Are. Around it there is condensed a white 
crystalline compound which is decomposed by water, and dissolved by hydro¬ 
fluoric acid. E. B, R. Prideaux jirepared selenium hexafluoride, SeF^, by the 
action of fluorine on selenium contained in a glass tube kept at —78®; this tube 
was joined to a second tube in which a white, crystalline solid was collected. This 
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tube, while still in the freezing mixture, was sealed off. When the temp, is allowed 
to rise, the contents of the tube melt to a clear liquid and then pass into the gaseous 
condition. Analyses and mol. wt. determinations agreed with the formula SeF^. 
The sp. gr. of the liquid at —28° is 2*51, and the mol. vol. 77*2. The vap. press, 
of the liquid becomes 760 mm. at —34*5°, corresponding with the b.j). ; the m.p. 
is —39° ; and the critical temp., 72*35°. E. Q. Adams studied the relations Ixitween 
the b.p. and composition. The coeff. of thermal expansion of the liquid between 
—3*5° and 51° is 0*032. The refractive index of the gas is 1*895. The index of 
refraction 1*000911 shows no approach to the value 1*(K)1358 required by the 
additive law. There is a regularity in the indices of refraction of the gases of the 
same family of elements. The gas attacks mercury like ozone does, P. Lebeau 
said that the gas obtained by the action of fluorine on selenium in glass vessels is 
a gaseous mixture containing what is probably an oxyfluoride, but W. Ramsay 
added that the density of the gas 97*23 is not in agreement with either —■ 

density 83*5—or with 8002^4—density 74*5. P. Lebeau found that the supposed 
gaseous hexafluoride is a mixture since by fractionation it can be se])arate(l into 
products of different density. The gaseous product, purified by liquefaction and 
vaporization, has a composition approximating the hexafluoride, but it always 
contains a little oxyfluorid(i; and after being manipulated in contact with glass 
and mercury, the gas has a higher degree of purity than before. If the fluorine 
acts on selenium in a copper vessel, selenium tetrafiuoride, 8eF4, is formed. 
P. Lebeau added that this is not due to the reduction of the hexafluoride by 
copper, as sugg<\sted by W. Ramsay, because tlie same product is obtained 
with platinum vessels, and when fluorine acts on selenium in the presence of 
glass. E. B. IL l^rideaux and (I B. Oox pre])ared selenium tetrafluoride by the 
action of dry silver fluoride on selenium tetrachloride. The first reaction is violent, 
and the distillation of the product gives a colourless, fuming liquid. The first 
fraction was d('oj) red, and was thought to contain selenium ^nonofluoridc, 8e2F2. 
According to P. Lebeau, selenium tetrafluoride is a colourless, intensely irritating 
liquid, boiling a little above 100°, and forming a white, crystalline solid at -80°; 
its vapour colours a Bunsen flame intensely l)lue. E. B. R. Prideaux and 
C. B. Cox found that tbe sp. gr. is rather greater than that of a corresponding 
mixture of selenium dioxide and hydrogen fluoride. The boiling starts at 91°-95°, 
stops, and recommences at 124°. This is the b.p. of the oxyfluoride, and hence 
the small quantity of liquid used in the determination had lieen hydrolyzed. 
The liquid solidified at —90° ; the m.p. is —13*5°. According to P. Lebeau, the 
tetrafluoride attacks glass energetically, is decomposed by water, forming selenious 
and hydrofluoric acids, does not absorb fluorine, dissolves iodine, giving a reddish 
soln., and does not attack boron, silicon, or carbon on boiling. E. B. R. Prideaux 
and C. B. Cox found that the tetrafluoride reacts in the cold with crystalline 
silicon, forming selenium and silicon tetrafluoride ; it does not react with sulphur 
in the cold; it reacts with red phosphorus, forming phosphorus {rifluoride and 
oxytrifluoride. P. Lebeau also observed that with phospliorus there is a vivid 
reaction, selenium and phosphorus fluoride being formed. The fluoride is decom¬ 
posed by alkali metals, and it attacks mercury in the cold, but is without action 
on platinum, 

J. J. Berzelius 2 observed that when chlorine is passed over selenium, com¬ 
bination occurs with the evolution of heat, and brown selenium monochloride, 
Se2Cl2, is formed ; as the chlorine continues its action, selenium tetrachloride, SeCL, 
is obtained as a white solid. R. Hanslian could not prepare selenium dichloride, 
SeCl2 ; nor could R. Hanslian, and H. Rose obtain a selenium hexochloride, SeCl^^. 
According to E. Beckmann and R. Hanslian, when selenium and chlorine are 
mixed in molar proportions at —80°, and the mixture allowed to warm up to room 
temp., and then heated to 100°, a mixture of both the monochloride and tetra¬ 
chloride is formed. If the proportions of the two elements correspond with the 
dichloride, a mixture of mono- and tetra-chloride is formed. J, J. Berzelius found 
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tJiat selenium converts the tetrachloride into the monochloride. F. Sacc, R. Haus- 
liaii, and W. Ramsay prepared tlie monochloride by the action of chlorine on 
selenium. A. Baudrimont obtained the monocbloride by the action of phoRj)horus 
pentiK'hloride on selenium, or on the selenide of phosphorus or antimony: 
A. Michaelis, by the action of phosphorus pentachloridc on an excess of selenium 
dioxide, or oxychloride ; A. Baudrimont, by th(* action of phosphorus trichloride 
on selenium tetrachloride ; B. Rathke, by replacing the sulphur in sulphur mono¬ 
chloride with selenium ; V. Leuher, ])y the action of the metals on selenium 
oxychloride ; and E. Divers and M. Sliirnoso, by the action of hydrogen chloride 
on a soln. of selenium in fuming sulphuric acid. V. Lenher and C, H. Kao showed 
that the monochloride can be produced in the presence of a large proportion of 
water. They concluded that when a soln. of selenium dioxide in cone, hydro¬ 
chloric acid (3b“37 per cent.) is treated with Ruljihur dioxide gas a yellow colour 
is produced when a relatively small amount of selenium dioxide is used, but when 
a high cone, of selenium dioxide is used, the red, oily liquid, Se 2 Cl 2 , separates. 
When selenium dioxide is dissolved in cone, hydrochloric acid and elementary 
selenium is added, large quantities of the monochloride are formed and separate 
as a red-brown oil. When selenium dioxide and selenium are suspended in 
either carbon tetrachloride or carbon disulj)bide and treated with hydrogen chloride, 
selenium monochloride is produced and passes into soln. in the car]>on tetrachloride 
or disulphide. When a soln. of selenium in selenium oxychloride is treated with 
hydrogen chloride, selenium monochloride separates. When a mixture of selenium 
and selenium dioxide is added to cone, sulphuric acid and cone, hydrochloric acid 
is added the monochloride is produced. The addition of sulphuric acid to a soln. 
of selenium dioxide in hydrochloric acid precipitates white selenium tetrachloride 
which will react with ehunentary selenium if added to the mixture, forming the 
monochloride. When a sat. soln. of selenium dioxide in cone, hydrochloric acid 
(36-37 })er cent.) is treated with sulf>hur dioxide, a small quantity of the mono- 
chloride is formed, but when this mixture is treated with cone, sulphuric acid, a 
large quantity of the monocbloride appears. The use of phosphorus pentoxide as 
a dehydrating agent is also possible, but phosphorus pentoxide in this reaction 
possesses no advantages over sulphuric acid nor do such dehydrating agents as 
calcium chloride and zinc chloride. The monochloride can be purified by dis¬ 
solving it in fuming sulphuric acid, reprecipitating with hydrogen chloride, and 
washing with sulphuric acid. The last traces of acid can be removed by treatment 
with dehydrated barium chloride. E. Divtrs and M. Shimose suggested potassium 
chloride as the deacidifying agent, but V. Lenher said that the alkali sulphates 
are slightly soluble in selenium monocbloride, whereas neither barium chloride nor 
sulphate is soluble in that menstruum. 

J. J. Berzelius described the crude monocbloride as a brownish-yellow oil, 
heavier than water; E. Divers and M. Shimose said that it is a deep red liquid 
which smells like sulphur monocbloride but not so strongly as sulphur mono- 
chloride ; the specific gravity is 2-906 at ; V. Lenher and C. JI. Kao found 
that if the liquid be freed from dissolv(‘d selenium and alkali salts, the sp. gr. is 
2-7741 at 2374 "^. E. Divers and M. Shimose found that the monochloride is some¬ 
what volatile at ordinary temp., and it sublimes in warm weather. At 100°, 
there is partial dissociation, forming an orange-red vapour. E. Beckmann and 
R. Hanslian said that the reddish-brown liquid decomposes to a considerable 
extent when distilled in vacuo—the tetrachloride collects with the distillate, and 
free selenium remains in the retort. E. P. Evans and W. Ramsay found the 
vapour density to be 7*1 in agreement with the assumption that no dissociation 
occurs. C. Chabrie found 7*69-8-12 when the theoretical value for Se 2 Cl 2 is 7*95. 
F. P. Evans and W. Ramsay said that the monocbloride decomposes when dis¬ 
tilled : 2 Se 2 Cl 2 "-SeCl4+3Se ; accordingly, E. Divers and M. Shimose represented 
the constitution by Se—Se—CI 2 . Analyses were made by F. Sacc, and E. Divers 
and M. Shimose, E. Beckmann and R, Hanslian found that the f.p. of soln. in 
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ethylene dibromide corresponds with Se2Cl2 ; and that the monochloride does not 
solidify at - 78®; this is due to undercooling because V. Lenher and 0. H. Kao 
gave —85® for the melting point ; and 130® for the boiling point. .1. Thomsen 
gave for the heat of formation from amorphous selenium : -‘*^-15 Cals. 

D. Gernez observed that the spectrum of the vapour shows lines whi(‘h l)ogin in 
the blue and end in tlie green; and they are continued in the ultra-violet. 
V. Lenher and 0. H. Kao gave 1-59617 for the index of refraction at 25® ; and 
0-00512 mhos for the sp. electrical conductivity. A. Voigt and W. Biltz found it 
to be a bad conductor, and gave, at 18®, 0-0221 mhos. 

F. Krafft and (). Steiner, and A. von Bartal eom}>ared the properties of the corre¬ 
sponding selenium, sulphur, and tellurium compounds. V. Lenher and C. H. Kao said 
that the properties of the monochloride,in general,are those of a typical acid chloride 
and a strong chlorinating agent. Hydrogen has no action on selenium monochloride; 
and J. J. Berzelius added that it is decomposed by water into hydrogen chloride, 
selenium, and selenioiis acid: 2Se2Cl2H-2H20“Se02'^SSe + ^HCl, an equation 
confirmed by the work of R, Hanslian. E. Divers and M. Shimose said that water 
decomposes it slowly into selenium and selenium tetrachloride. E. Beckmann and 
R. Hanslian showed that the action of an excess of chlorine forms only the tetra¬ 
chloride. E. Beckmann found tliat selenium monochloride is insoluble in liquid 
bromine ; R. Hanslian, tliat it reacts vigorously with boiling bromine ; and 
V. Lenher and C. H. Kao, tliat iodine is freely soluble in the liquid, forming a soln. 
which is scarcely black, and containing 25-48 ])er cent, of iodine ; the soln. has a 
sj). gr. 93-1597 at 25®. When selenium monochloride is treated with an excess of 
iodic acid, or of potassium chlorate, bromate, or iodate, the halogen is liberated, 
and selenium dioxide is formed ; and no reaction occurs with potassium per¬ 
chlorate, even wiien the monochloride is heated. E. Divers and M. Bhimose said 
that only a little sulphur is slowly dissolved by the monochloride; on the otlier 
hand, V. Lenher and C. H. Kao found that 100 parts of the monochloride will 
dissolve 48-8J parts of sulphur, forming a viscid liijuid. B. Kathke sliowed that 
some sulphur in sulphur monochloride can be displaced by selenium, and V. Lenher 
and C. H. Kao showed that the reaction is S2Gl2+2Se~>Se2Cl2+2S; while with 
hydrogen sulphide there is a sIoav reaction with the evolution of heat, and the 
formation of hydrogen chloride, siilpliur, and selenium. Dry sulphur dioxide does 
uot react with selenium monochloride even at its b.p. E. Divers and M. Bhirnose 
observed that with sulphur trioxide the moiiochloride forms a green soln. having 
the composition B2(3l2.B()3— mfm —which reacts with hydrochloric acid, 
forming, according to V. Lenher and C. H. Kao, selenium monochloride, chloro' 
sulphoiiic acid, and sulphurous acid. F. P. Evans and W. Ramsay found that 
selenium tetracliloride dissolves selenium until the soln. contains 80 per cent, 
selenium, which is more than is present in the monochloride. V. Lenher and 
C, H. Kao found that 100 parts of selenium monochloride at 25® dissolve 9*73 parts 
of selenium, and the soln. contains 71-85 per cent, of selenium. The rate of soln. 
is slow in the cold, and requires frequent shaking for equilibrium ; B. Kathke, 
and V. Lenher and M. Bhimose found that the hot liquid, when sat., dejiosits, 
on cooling, crystals of black selenium. Selenium oxychloride dissolves selenium, 
and selenium monochloride dissolves selenium dioxide ; and the reaction : 
2 Se2Cl2+Se02^2Se00l2+3Se, is reversible; the products of the reaction can be 
separated by carbon tetrachloride. Selenium monochloride reacts with tellurium, 
forming tellurium tetrachloride, and liberating selenium; the same products are 
obtained with tellurium dichloride ; while with tellurium dioxide, selenium, and 
selenium oxychloride are formed, 

W. Strecker and L. Claus observed that liquid ammonia has a vigorous action 
on selenium monochloride which results in the deposition of red selenium ; and 
similarly if the monochloride be mixed with chloroform or anhydrous benzene— 
only traces of selenium nitride are produced. If the moiiochloride be in ethereal 
soln., selenium chloronitride, Be2NCl, is formed. A. Baudrimont found that 
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phosphorus reacts with selenium moiiochloride, forming selenium and phosphorus 
trichloride. V. Leiiher and C. H. Kao added that while red phosphorus reacts slowly 
with the rnonochloride, white phosphorus explodes. No pentachloride is formed. 
A. Baiidrimont, and V. Lciiher and II Kao observed that an excess of phosphorus 
pentachloride reacts, forming a red soli<l, SeC^.PClg, but no phosphorus seleno- 
chloridc. V. Lenher and C. H. Kao found that arsenic reacts in the cold, forming 
arsenic trichloride and selenium, and similarly also with arsenic triseleulde ; arsenic 
trisulphide reacts at lOiT, forming the trichloride, sulphur, and selenium; {^senic 
trioxide gives the trichloride, selenium, and selenium oxychloride; autimony 
forms the pentachloride with an intermediate formation of selenide ; antimony 
trichloride is oxidi/iCil to pentachloride which then reacts with more selenium 
monochloride to form SeCl4.2SbCl5. In many other cases, selenium rnonochloride 
reacts as if it w^ere a mixture of selenium and selenium tetrachloride. The mono¬ 
chloride reacts with antimony trisuiphide at l(Kb^ forming the trichloride, selenium, 
and sulphur, with antimony trioxide, forming the tricldoride, and selenium 
oxychloride, with bismuth, forming the trichloride and selenium ; with bismuth 
selenide, forming the same prodn{‘ts ; with bismuth sulphide, at forming the 
trichloride, selenium, and sulpliiir: and with bismuth trioxide, forming tht‘ 
trichloride, seJeniuin, and selenium oxychloride. 

E. Divers and M. Shimose found that alcohol slowly decomposes selenium 
rnonochloride into selenium and schmiiim tetrachlori(l(‘ ; and similarly also with 
ether. Its action on aliphatic hydrocarbons was studied by H. W. Bausor and 
co-workers, E. H. Heath and W. L Semon, and (\ E. Boord and F. F. Cope. 
H. W, Bausor and co-workers found that while sulphur rnonochloride reacts 
with ethylene: 2(CIf2 : CH2) j 1 selenium rnonochloride 

reacts : ‘^(CIL • GH^) | 2Se20l2 ((Tlod CIl2)i>SeCJ2 I 3Se, ])resiimably on account 
of the ready decomposition of sehMiium rnonochloride into chlorine and selenium. 
According to V. Lenher and C. IT Kao, selenium rnonochloride is immiscible wdth 
pentane, hexane, and }ie])tane. V. Lfudier and ('. II. Kao said that it is miscible 
w’ith the aromatic hydrocarbons, benz(me, toluene, and the xylenesChabrie 
studied its action on benzene with iron as catalyst. V. Lenher and C. H. Kao 
found that separations of the hydrocarbons by selenium monoxide are not iiossiblc. 
Substances like hair, sUk, wool, and leather, containing carbohydrates and proteins 
are not readily attacked; while gliadin from wdieat, and elastin as wtII as albumen 
are not dissolved; cellulose is not appreciably attacked ; vegetable and fish oils 
react like sulphur rnonochloride, preci])itatmg selenium and forming a riiblier-like 
substance ; pure or vulcanized rubber is slowly acted U]>on -slowly in the cold 
but more rajadly when heated ; bakelite is soluble in warm selenium mono¬ 
chloride ; and coal of the bituminous type, dried at 160°, is but little affected. 
W. Strecker and A. Willing observed the action of selenium rnonochloride on 
organic magnesium compounds, V. Lenher and G. H. Kao said that selenium 
rnonochloride slowly attacks silicon, forming silicon tetrachloride and selenium. 

V. Lenher and C. H. Kao found that sodium slowly reacts with selenium 
inonoohloride, forming sodium chloride and selenium, but the reaction soon stops 
owing to the formation of a protective film of insoluble sodium chloride. When 
the system is heated, the action proceeds with the evolution of light and heat. 
When potassium is added to selenium rnonochloride at ordinary temp., the mixture 
explodes violently, forming potassium chloride and selenium. With an excess of 
copper^ the selenide and chloride are formed, and with the selenium rnonochloride 
in excess, cupric chloride and selenium. W. W. Taylor and co-workers represented 
the reaction: SegCL-bbCu-2Cu2Se+(^uCl2. V. Lenher and C. H. Kao said 
that an excess of the rnonochloride also forms cupric chloride when treated with 
cuprous and cupric selenides. W. W. Taylor represented the reaction with an 
excess of rnonochloride : 2(hi2S(H iSe/.T,- ICuGl^+lOSe. According to V. Lenher 
and C. H. Kao, an excess of silver forms the chloride and selenide, otherwise silver 
chloride and selenium ; silver selenide forms silver chloride and selenium ; mag- 
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nesium forms magnesium chloride and selenium, and if the metal is in excess some 
selenide may be formed; adlic and cadmium are tarnished on the surface when heated 
for 5 months with the monochloride, but zinc dust takes fire when introduced into the 
monochloride, forming zinc chloride and selenide, selenium, and selenium oxychloride 
when the metal is in excess, if otherwise, no selenide is formed ; zinc selenide forms 
chloride and selenium ; mercury vigorously reacts when warm, forming the selenide 
and chloride if the mercury is in excess, and if otherwise, mercuric chloride and 
selenium are formed ; mercuric selenide is attacked hy the monochloride, forming 
mercuric chloride and selenium; aluminium is not attacked in the cold, but at 
80® the metal burns brilliantly, forming aluminium chloride and selenide if the 
metal is in excess, otherwise selenium and aluminium chloride are formed—it a 
mixture of aluminium and selenium mouochloride are heated for 12 hrs., 
2 AlCl;vSe 0 i 4 is produced, showing that the monochloride is decomposed into 
selenium and selenium tetrachloride; aluminium selenide forms the chloride and 
selenium ; tin, and tin selenide form stannic chloride and selenium ; lead is 
attacked only slowly ; chromium is tarnished superficially when heated witli 
selenium monochloridc for 5 months ; manganese is attacked only slowly ; iron 
forms ferric chloride and selenium; iron selenide forms ferric chloride and 
selenium ; nickel is not tarnished or attacked at 100® during 5 months, and the 
nickel selenide is only slowly converted into chloride ; and the action on cobalt, 
and cobalt selenide is similar to the case with nickel. 

V. Lenher and C. H. Kao found that sodium dioxide reacts violently with the 
evolution of light and heat when it is treated with monochloride, forming sodium 
chloride, selenite, selenate, and free selenium. Potassium tetroxide reacts still 
more violontlj^, forming analogous products ; lithium oxide yields the selenite and 
chloride and selenium ; copper oxide yields the chloride and selenium, and if 
selenium monochloride is in excess, selenium oxychloride is formed; silver oxide 
reacts in an analogous way; calcium oxide is slowly converted into chloride, and 
selenium oxychloride and selenium are formed—similarly also with strontium 
oxide, and barium oxide ; beryllium oxide yields the chloride, selenium oxy¬ 
chloride, and selenium; magnesium oxide behaves sim’larly; cadmium oxide is 
only partially attacked during some months’ action; zinc Oxide reacts, forming the 
chloride, selenium, and seleniuiri dioxide if the oxide is in excess, and zinc chloride, 
selenium oxychloride, and selenium when the monochloride is in excess; mercuric 
oxide behaves in an analogous manner ; lead monoxide reacts slowly, forming 
lead chloride, selenium, and selenium oxychloride; lead dioxide forms similar 
products, but the action is rapid ; ferric oxide forms analogous j)roducts ; cobalt 
oxide acts slowly, forming the chloride ; and similarly also with nickel oxide. 
No reaction occ urs when the monochloride is heated with potassium chromate or 
dichromate, or with potassium permanganate. 

V. Lenher and C. H. Kao found that the lower metal chlorides are chlorinated 
to a higlier stage. Potassium chloride is slightly soluble in selenium monochloride ; 
cuprous chloride is oxidized to cupric chloride; magnesium chloride adsorbs the 
monochloride ; aluminium chloride forms the complex 2 AlCl 3 .SeCl 4 ; and stannous 
chloride forms stannic chloride. The metal sulphides are usually attacked, 
forming the corresponding chlorides, selenium, and sulphur; copper, silver, zinc, 
cadmium, and aluminium sulphides react readily at ordinary temp., while those of 
magnesium, mercury, tin, and iron react at 1(X)®; those of lead and nickel act 
only slowly on warm selenium monochloride; while those of calcium and barium 
are only slightly attacked by the warm monochloride during a week’s action. 
The metal carbonates are often chlorinated; thus, fused sodium and potassium 
carbonates are readily attacked, forming the respective chlorides, selenium oxy¬ 
chloride, carbon dioxide, and selenium, as do dry lithium carbonate and silver 
carbonate. Basic copper carbonate gives cupric chloride. Magnesium basic 
carbonate is not attacked in the cold, but when heated to 130® in the vapour of 
selenium monochloride, it is attacked, giving carbon dioxide. The carbonates of 
VOL. X. 3 m 
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calcium, strontium, and barium ^ijive no carbon dioxide in 24 hrs. in the cold, but 
when moistened with water they give the calculated yield of carbon dioxide in a 
few minutes. Zinc carbonate gives the chloride and carbon dioxide. Cadmium 
carbonate is not attacked. The carbonates of lead and manganese are not attacked 
in the cold. The mineral siderite (F 0 CO 3 ) is not attacked. The basic carbonates 
of nickel and cobalt are only very slowly attacked even when heated. 

J, J. Berzelius obtained selenium tetrachloride, SeCl 4 , us indicated above, by 
the action of an excess of chlorine on selenium, or of chlorine on selenium mono- 
chloride. F. P. Evans and W. Ramsay, and F. Olausnizer used this mode of 
preparation. The product was washed with carbon disulphide to remove chlorine, 
and then dried in a current of warm, dry air. H. Rose found that w hen a mixture 
of a selenate, sodium chloride, and cone, sulphuric acid is heated, a mixture of 
chlorine and selenium tetrachloride is first evolved, and afterw^ards selenium 
dioxide and sulphuric acid. B. Rathke obtained some tetrachloride by heating 
selenium dioxide with hydrochloric acid ; and A. Michaelis, by the action of thionyl 
chloride or of phosi)horus trichloride on selenium oxychloride, of 13 }>arts of phos¬ 
phorus pentacliloride on 7 parts of selenium dioxide ; a mixture of selenium 
oxychloride and phosphoryl chloride ib first formed, and this then furnishes phos¬ 
phorus })entoxide and selenium tetrachloride. The solid product w^as warmed in 
a current of carbon dioxide to remove phosphoryl chloride ; and the residue, when 
heated still more, furnished a sublimate of selenium tetrachloride while phosphorus 
pentoxide remained. The pho 8 ])horyl chloride, which is first distilled over when 
condensed and allowed to stand some time, may deposit crystals of selenium 
tetrachloride. A, Baudrimont juepared the tetrachloride by the action of phos¬ 
phorus pentachloride on lead selenide; V, Lenher and H. B. Nortli, by melting a 
mixture of thionyl chloride and selenium dioxide : Se 02 + 2 S 0 Cl 2 “ SeC^-f 2 SO 2 : 
and by the action of selenium on sulphuryl chloride : Se+ 2 SOoCl 2 -SeCl 4 + 280 o ; 
and A. B. Lamb, by the action of anhydrous selenic acid on acetyl chloride at 0 ^^— 
the yield is almost (quantitative. C. Chabri(-‘ purified selenium tetrachloride by 
repeated sublimation at 170^-180° in a current of chlorine, and obtained fine 
crystals. R. Hanslian used a similar j>roces 8 . 

J. J. Berzelius described it as a white solid; F. P. Evans and W. Ramsay 
obtained it in pale yellow crystals. A. Michaelis obtained cubic crystals from a 
solii. of the tetrachloride in hot phosphoryl chloride. J. J. Berzelius said that the 
tetrachloride volatilizes without melting, and this more easily than the mono- 
cliloride, forming a yellow vapour which condenses to a mass of white crystals. 
F. Clausnizer said that the vap. density is 3-92 when the theoretical value for 
SeCl 4 is 7*63. This shows that the dissociation 2 SeCl 4 "-Se 2 Cl 2 + 3 Cl 2 probably 
occurs. He added that the yellow'^ vap. darkens in colour as the temp, is raiseci. 
C. Chabri 6 gave 3*78-3-85 for the vap. density at 360'". F. P. Evans and W. Ramsay 
referred the vap. density to hydrogen unity when the theoretical value for SeCl 4 
is 110*2 ; and they found 110*25 at 180^^; 111*76 at 200® ; 84*20 at 225® ; 72*82 
at 295®; and 66*49 at 350®. They inferred that no marked dissociation occurs 
below 200 ®, but, above this temp., dissociation may occur as indicated above, or 
according to 2 SeCl 4 =Se+ 4 Cl 2 -“in both cases the vol. is doubled; at about 288®, 
the tetrachloride is dissociated. Observations were also made by A. Kekule. 
E. Beckmann and R. Hanshan made cryoscopic observations on soln. of the 
tetrachloride in acetic acid and in phosphoryl chloride, but with unsatisfactory 
results for mol. wt. determinations. J. Thomsen foxmd the heat of formation of 
the solid tetrachloride from its elements to be 46*16 Cals., and the heat of soln. in 
water, 30*37 Cals. H. Becquerel gave for the index of refraction, 1*8070; and 
the magnetic rotation of the plane of polarized light, 2*408. E. B. R* Prideaux, 
by analogy with selenious acid, {H 0 ) 2 =Se= 0 , represented the constitution by the 
formula: 


n 

JJ>Se=Cl, 
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A. Voigt and W. Biltz could not measure the conductivity o£ the fused chloride 
owing to its decomposition. 

J. J. Berzelius found that heat is develoi>ed when selenium tetracldoride comes 
in contact with water, and the reaction is symbolized : SeCl^ f 2H.^O ~ 4HC1 4 -*Se 02 ; 
this was confirmed by E. Beckmann and R. Hansliau. R. Weber added that with 
only a small proportion of water, or on exposure to moist air, selenium oxychloride 
is formed. E. Beckmann and R. Hanslian said that an excels of chlorine does 
not form a higher chloride. E. Beckmann said that the tetrachloride is insoluble 
in liquid bromine ; R. Weber, that hydrogen sulphide forms hydrogen chloride 
and selenium sulphide. A. W. Ralston and J. A. Wilkinson showed that liquid 
hydrogen sulphide at low temp, reacts slowly with selenium tetrachloride, forming 
selenium monochloride, and at room temp., red selenium is formed. R. Weber 
found that dry sulphur dioxide does not act on the hot tetrachloride ; W. Prandtl 
and P. Borinsky, H. Rose, and P. Clausnizer observed that with sulphur trioxide 
there is formed a complex S 03 .SeCl 4 — vide infra ; F. Clausnizer, that with sulphuric 
acid the reaction can be symbolized : 3 SeCl 4 + 2 H 2 S 04 ~ 8 e 02 + 2 ( 803 .SeCl 4 ) 4 - 4 HCl, 
while part reacts 3 SeCl 4 + 2 H 2 S 04 == 860012 + 112 ^ 207 + 21101 , followed by 8 eOOl 2 
+ 2 H 2804 =Se 02 +H 2 S 207 + 2 HCl; with pyrosulphuric acid, the reaction is 
symbolized: H 2 S 2 O 7 + 8 e 0 l 4 ~H 2 SO 4 +SO 8 .SeCl 4 ; with chlorosulphonic acid there 
is formed SOj^.SeO^; and with pyrosulphuryl chloride the reaction can he 
symbolized : S 205 Cl 2 +SeCl 4 =S 02 +Cl 2 + 803 . 8 eCl 4 . R. Weber found that with 
selenium dioxide there is formed selenium oxychloride. Ace«)r(ling to V. LenluT. 
when tellurium dioxide and selenium tetrachloride are brought togetlier in mol. 
proportions and heat is applied, reaction takes place betweeii tin* two. Quite a 
high temp, is necessary to start the reaction, but w^hen once ]»cgun, it proceeds 
readily. Selenium oxychloride first distils at its f.p., and, on raising the temp, 
to a little below 4()0^ tellurium tetrachloride distils, w^hile tellurium remains as a 
non-volatile residue. The reaction probably proceeds as follow.s, 28e0l4-t-TeO2 
=28eOOl2+TeOl4. R. Espenschied showed that when dry ammonia acts on 
selenium tetrachloride there is formed ammonium chloride, seieiinun, nitrogen, 
and hydrogen; and if the aiiunonia is dil. with nn inert gas, and the temp, low, 
nitrogen selenide is formed. A. Verneuil said that if dry ammonia acts on selenium 
tetrachloride suspended in carbon disulphide, nitrogen s(‘Ienid(‘ is formed. 
W. Strecker and L. Claus observed that liquid amnfonia, in the absenci^ of a 
solvent, behaves towards the tetrachloride as it does towards the monochlonde ; 
in the presence of carbon disulphide a pale yellow, amorphoub solid is formed 
which is difficult to purify. A. Baudrimont found that phosphorus forms jjhcjs- 
phorus selenide, and, if in excess, selenium and phosphorus trichloride ; w'hile 
phosphorus tetrachloride forms the complex 2 PCl 5 . 8 eCl 4 --the same compound is 
produced by the action of phosphorus trichloride on selenium monochloride. 
A, Michaelis said that the tetrachloride is soluble in hot phosphoryl chloride. 
R. Weber observed that arsenic trioxide is converted into the trichloride, etc. 
A, Michaelis said that the tetrachloride is insoluble in carbon disulphide, and since 
the monochloride is soluble, P. P. Evans and W. Ramsay said that it is possible 
to separate the two selenium chlorides by means of this agent. F. Clausnizer 
observed that selenium monochloride has very little action on acetic acid at 
ordinary temp., but when warmed, the liquid becomes brown, hydrogen chloride 
is evolved, and selenium monochloride is formed. Chloro-Ku})stitution products of 
acetic acid are also produced. G. T. Morgan and co-workers studied the action 
of the tetrachloride on the diketones, and triketones, and (ui ethylene. 
W. W. Taylor and co-workers represented the reaction with copper by the equntKJii: 
2 SeCl 4 + 3 Cu= 3 CuCl 2 +Se 2 Cl 2 , and for the action of this prcnluct on ropf»ej- vide 
supra. Attempts by W. Muthmann and J. Schafer to prepare chloroselenates 
analogous to the bromoselenates (q.v.) furnished chloropyroseleiiites ■‘Vide utfa. 

According to G. S. Serullas,^ selenium and bromine are misc ible in \'arious 
proportions, but the 1: 5 mixture appears to be the most 8ta]>le ; J>romine ie['idly 
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unites with powdered selenium, and the combination is attended by a hissing noise, 
and the evolution of much heat. The product quickly solidifies to a brownish- 
red mass interspersed with particles of a yellow colour. When exposed to air, the 
product emits an odour resembling that of sulphur chloride ; when heated it partly 
sublimes unchanged, and partly decomposes into bromine and selenium; it dis¬ 
solves completely in water with the exception of a few flakes of selenium, and the 
colourless soln. contains hydrobromic and selenious acids. G. S. Serullas’s product 
was probably impure selenium tetrahro^nlde^ SeBr^. R. Schneider prepared sdenium 
monobromide, Se 2 Br 2 , by mixing 15-9 parts of selenium with 16 parts of bromine. 
Much heat is developed during the reaction; and it is better to drop the bromine 
on the large pieces of selenium, or to add bromine to carbon disulphide, standing 
over powdered selenium, until the selenium is almost all converted to bromide. 
It is also produced by mixing b parts of the tetrabromide with 3 parts of selenium. 
V. Lenher and C. H. Kao obtained the monobromide by treating selenium dioxide 
with hydrobromic acid—obtained by the action of bromine on sulphurous acid. 

Bromine (135 c.c.) is gradually added by means of a separatory funnel to a soln. of 
sulphur dioxide in ice water, sulphur dioxide being continuously passed into the soln. 
When the soln., whicli is a mixture of sulphuric and hydrobromic acids, is colourless it 
can be used (iireotly for the preparation of the rnonobromide. Now, when 115 grms. of 
selenium dioxide are added, followed by 235 gnus, of elementary selenium, the reaction 
starts at once wdli the production of the rnonobromide. About a litre of eonc. sulphuric 
acid is added, and a.s the mixture cools the rnonobromide separates us a dark red oil, which 
may he further purified, if desired, by washing with cone, sulphuric acid. The yield is 
about 90 per cent. 

R. Schneider described selenium rnonobromide as a dark, blood-red bquid, 
which appears to be almost black and opaque in thick layers, and in thin layers, 
ruby-red. The sp. gr. is 3*604 at It has an unpleasant smell resembling that 
of sulphur chloride. It partially decomposes when heated, just giving off bromine 
vapour, then selenium tetrachloride, and at 225‘^-230'^ the rnonobromide passes off, 
and finally selenium. At 80°, in a sealed tube, no sublimate of the tetrabromide 
is formed if neither selenium tetrabromide nor an excess of bromine is present. 
D. Gemez observed the line-spectrum of the vapour. According to R. Schneider, 
when the rnonobromide is exposed to moist air, a layer of selenious and hydro¬ 
bromic acids is formed, and some selenium separates out. It sinks in 'water and 
slowly hydrolyzes: 2Se2Br2+2H20=~3Se+Se02+4HBr. It emits a hissing 

noise as it unites directly with bromine to form the tetrabromide. The mono- 
bromide mixes with carbon disulphide to form a reddish-brown liquid ; it dissolves 
without decomposition in chloroform, and in ethyl bromide ; it quickly decom¬ 
poses absolute alcohol, especially if dissolved in carbon disulphide; 2 Se 2 Br 2 
~-3Se-}-SeBr4; in aq. alcohol the reaction proceeds: 2Se2Br2H-2H20==3Se 
-bSe02+4HBr; a soln. in ethyl iodide forms selenium iodide (q.v.), and ethyl 
bromide ; silver cyanide forms selenium cyanide when added to a soln, of selenium 
rnonobromide in carbon disulphide. The rnonobromide is slowly decomposed by 
aq. ammonia, or potash-lye, but more rapidly by ammonium sulphide, which forms 
a brown soln. containing bromide and selenosulphide precipitated by hydrochloric 
acid. W. Strecker and L. Claus observed that liquid ammonia in the presence 
of ether forms selenium bromodinitride» Se 2 N 2 Br, otherwise its action is similar 
to that with the monochloride. A. Pieroni and co-workers studied the action of 
the rnonobromide on magnesium alkyl compounds. 

As indicated above, G. S. Serullas prepared impure selenium tetrabromide» 
SeBr^; and R. Schneider obtained it by adding bromine to selenium to form the 
rnonobromide, and continuing the addition to convert this into the tetrabromide. 
The excess of bromine is removed by a current ot dry air; the tetrabromide is 
decomposed by moist air. The tetrabromide is also prepared by the action of 
bromine on a soln. of the rnonobromide in carbon disulphide, chloroform, or ethyl 
bromide—the tetrabromide separates from cone. soln. as a yellow powder. Abso* 
lute alcohol transforms the rnonobromide into selenium and the tetrabromide. 
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W. Muthmann and J. Schafer prepared the tetrabromide by diflvsolving selenium 
dioxide in hydrobromic acid: Se 02 + 4 HBr— 2 H 2 O 4 SeBr 4 . The brown colour 
of the liquid is due to the formation of some free bromine. 

According to R. Schneider, selenium tetrabromide appears as a pale reddish- 
brown powder, which is crystalline if obtained from soln. with an excess of bromine, 
or from soln. in carbon disulphide. It has an unpleasant odour recalling that of 
sulphur chloride. It is volatile at ordinary temp., and when heated for a long 
time at 70^-80°, it is partially decomposed with the evolution of bromine, and the 
formation of selenium monobromidc contaminated with the tetrabromide. A 
little tetrabromide sublimes in dark orange-red crystals. Selenium tetrabromide 
is decomposed by moist air into bromine and selenium monobromide : it forms a 
yellow soln. with a little water, but wdth more water the soln. is colourless, for the 
tetrabromide is completely hydrolyzed: 8 eBr 4 ~f 2 H 20 --Se 02 + 4 HBr. It does 
not form a higher bromide when treated with an excess of bromine; it forms a 
brown soln. with hydrochloric acid; W. Prandtl and P. Borinsky found the 
reaction with sulphur trioxide furnishes S 0 Br 2 .S 03 . K. Schneider found that the 
tetrabromide forms an oxybromide with selenium dioxide ; it is partiaUy decom¬ 
posed by alcohol; it dissolves without decomposition in carbon disulphide, chloro¬ 
form, and ethyl bromide. W. Strecker and L. Claus found that the action of 
liquid ammonia resembles that with the tetrachloride ; but in the presence of 
carbon disulphide a better yield of selenium nitride is obtained. 

According to W. Muthmann and J. SchMer, if ammonium chloride be added 
to a hydrobromic acid soln. of selenium dioxide, garnet-red, octahedral crystals of 
ammonium hexabromoselenate, (NH 4 ) 2 SeBr 6 , are formed. V. Lenher prepared 
it by dissolving ammonium bromide (9 parts) in water, adding selenium (4 parts), 
and a slight excess of bromine until a clear soln. was obtained, and heating on the 
water-bath until the excess of bromine was expelled ; on slow evaporation, crystals 
of ammonium bromoselenate separated, which were purified by repeated crystal¬ 
lization. The garnet-red crystals have a sp. gr. of 3*3266; and E. Carozzi gave 
3*328. E. Carozzi found that the deep red octahedral crystals belong to the cubic 
system and they are isomorphous with ammonium stannic hexabromide, and 
ammonium platinum hexabromide. The crystals are decomposed by water, 
forming a soln. of the bromide, selenious acid, and hydrobromic acid. Ether 
slowly extracts selenium tetrabromide. The salt was also examined by A. Gutbier 
and W. Griinew^ald, who also prepared a number of complex salts—of the type 
R 28 eBr 4 —with organic radicles. V. Lenher prepared corresponding salts with 
methylamine, dimethylamine, ethylamine, trimethylamine, tetraethylammonium, 
and pyridine salts ; but not salts with aniline, diphenylamine, phenylhydrazine, 
or quinoline. J, F. Norris also prepared salts with the methylamines. A. Gutbier 
and W. Griinewald also prepared a number of these compounds. Neither 
W. Muthmann and J. Schafer, nor V. Lenher, were able to prepare either lithium 
liexahromoselenatey Li 28 eBr 6 , or sodium hexabromoseleuate, Na 2 S€Br 5 ; but potassium 
hexabromoselenate» K 2 SeBre, was readily obtained. Y. Lenher found that rubidium 
hexabromoselenate, Eb 2 SeBre, and csesium haxabromoseleuate, Cs 2 SeBr(,, are less 
soluble than the corresponding potassium salt. These three salts were also pre¬ 
pared by A. Gutbier and W. Griinewald. Silver hembromoselenate, Ag 2 SeBre, 
could not be prepared by W. Muthmann and J. Schafer. P. Maier studied the 
crystallography of the aliphatic bromoselenates. 

According to J, B. Tromrasdorfi,^ when a mixture of eq. proportions of iodine 
and selenium is heated, the mass fuses. Alcohol extracts all the iodine from the 
dark grey product. R. Schneider obtained what he regarded as selenium mono-* 
iodide* Se 2 l 2 , in a similar manner; and also by heating a mixture of selenium 
monobromide and ethyl iodide. He said that the semi-metallic mass melts at 
68°~70°, with the emission of a little iodine vapour. The product easily decom¬ 
poses, giving off iodine vapour even at ordinary temp., and, at 100 °, all the iodine 
is slowly evolved. The product is decomposed by water: 2Se2l2-f 3 H 2 O 
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-_4Hl+»^^P i-]LSe() 3 , and the liquid gradually turns brown owing to a reaction 
between the hydriodic and selenious acids. The reaction made R. Schneider 
believe that a chemical compound and not a mixture is here 
involved. P. Guyot prepared what he called un mvveau feu 
liquid from a mixture of the two elements. R. Schneider said 
tliat if cone, seleiiious acid be decomposed by hydriodic acid, 
selenitim tetraiodide» Sel 4 , is formed: ILSeOg‘i-4Hl™8el4 
j-TiHoO; the same product is obtained when eq. proportions 
of the two elements are fused together ; and when ethyl iodide 
is treated with selenium tetrabromide : SeBr4+4C2H5l—Sel 4 
+4C2H5Br* A small amount of a by-product smelling like 
cacodyl - selenium ethide —is thought to be formed. The colour 
is a darker grey than is the raonoiodide. The tetraiodide melts 
at 75° "80'". forming a dark brown liquid. It loses iodine 
when heated, or when extracted with solvents. Water decomposes it as in the 
case of the monoiodide, but more slowly. G. Pellini and S. Pedrina showed that 
no chemical individuals are produced when the two elements are melted together 
because the f.j) curve is of the simide V-type—Fig. 62—with a eutectic at 58® 
corres])onding in composition with the supposed monoiodide. No mixed crystals 
are formed (*xcepting, jierhaps, within very narrow limits. From the f.p. of 
mixtures of selenium in iodine, F, Olivari obtained mol. wts. of selenium in excess 
of that required for Se 2 ; and from the f.p. and b.p. of the soln., R. Hanslian 
obtained values rather loss than that for Se 2 =158*4. R. Hanslian inferred from 
his observations tliat a true monoiodide is formed, and believed that G. Pellini 
and S. Pedrina s curve wants revision. R. Wright observed no evidence of the 
formation of solid soln or of chemical compounds in his study of the vap. press, 
of fused mixtures of the tw^o elements. E. Beckmann and C. Platzmann studied 
the d<=‘prebsion of the f p. of selenium, and mixtures of selenium and sulphur by 
iodine. In the case of sulpliur in iodine, the mol. wt. is Sg, with selenium Se 2 to 
Se. There is no evidence of the formation of a compound of selenium and iodine, 
and the low' mol. wt. of selenium in iodine has not been explained. 
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§ 14, Oxyhalogen Compounds of Selenium 


E. B. LI. Prideaux and C. B. Coxi prepared selenium oxyfluoride, SeOP'^, (»r 
selenyl fluoride, by the action of dry silver fluoride on selenium oxychloride in a 
platinum bottle, with subsequent distillation and condensation in a platinum con¬ 
denser (water-cooled). It is a colourless, fuming liquid, with an ozfinediko odour 
similar to that of some organic compoundvS which have been treated willi fluorine. 
The sp, is 2*67 ; the mol. vol, 49-2 ; the b.p., 124'^; and the m.p., 4-6. There 
is no residue on distillation ; and the behaviour of the salt is quite difl'erent from 
that of a mixture of selenium dioxide’and hydrofluoric acid. The liquid rajudly 
attacks glass; and the action with powdered silica is violent: 2 Se 0 F 2 -("Si 02 
“2Se02+SiF4. Crystalline silicon is slowly attacked in the cold ; rapidly when 
heated: Si+28e0F2“-SiF4+Se0.2+Sc. The reaction with phosphorus is mainly 
in accord with 6Se0F2+4P--4P0F3-|-Se02 f 5Se. With sulphur there is no 
attack in the cold, but when warmed, a gas is evolved, and red selenium is deposited. 
Alcohol readily mixes with the liquid ; carbon tetrachloride forms two layers. 

R. F. Weinland and J. Alfa obtained ammonium fluohsrdroxyselenate, 
(NH 4 ) 2 Se 03 ( 0 H)F, or 


HO 

F 


.ONH. 


>Se^O 




by concentrating a soln. of ammonium selenate-^in an excess of hydrofluoric acid. 
It crystallizes in flat, rhombic prisms which quickly lose their lustre when exposed 
to air, and which are freely soluble in water, forming a strongly acid soln. By 
evaporating a soln. of potassium selenate in hydrofluoric acid over lime in a 
desiccator, potassium hydrodifluodiselenate, K 3 HSe 207 F 2 .H 20 , is formed in 
monocJinic crystals which quickly decompose on exposure to air with the loss of 
water and hydrogen fluoride, and then of oxygen, leaving a residue of selenate and 
selenium dioxide ; similarly with rubidium hydiodifluodisdenate, Eb 3 HSe 207 F 2 ; 
but the caesium and sodium salts could not be obtained. 

In 1859, R. Weber 2 prepared selenyl diehloride, or selenium oxydichloride» 
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SeOCl 2 , by the action of moist air: SeCl 4 +H 20 — 2 HCl+SeOCl 2 , or of selenio^is 
acid, on selenium tetrachloride, and F- Clausnizer recommended heating a mixture 
of selenium dioxide and tetrachloride in a sealed tube for some hours at 200 , the 
oxydichloride can be distilled from the small excess of selenium dioxide employed. 
V. Lenher obtained it by adding the calculated amount of selenium dioxide to 
selenium tetrachloride suspended in carbon tetrachloride or in chloroform, or 
selenium oxychloride itself. Reaction takes place with formation of selemum 
oxychloride, which dissolves in the carbon tetrachloride. The liquid can be 
distilled. Carbon tetrachloride distils at 76*^-77° and selenium oxychloride at 
176*4°, hence they can be readily separated by distillation. Selenium oxychloride 
can be conveniently distilled under diminished press, to a high degree of purity; 
V. Lenher also prepared it by the dehydration of the complex Se 02 . 2 HCl, say, by 
heating a mixture of 4 parts of Se 02 . 2 HCI, and one part of sulphuric acid of sp. gr. 
1*84 ; or selenium dioxide can be treated with hydrogen chloride, the ri\sulting liquid 
mixed with excess of the dehydrating agent and the oxychloride distilled off, or 
selenium dioxide can be first mixed with the dehydrating agent, and this mixture 
treated with hydrogen chloride. C. A. Cameron and J. Macallan made it }>y the 
action of selenium dioxide on sodium chloride; and A. Micliaelis. by heating a 
mixture of selenium dioxide and phosphoryl chloride. G. J. Fink and 

E. I). Giauque, and the Hooker Electrochemical Co. purified the oxydichloride 
by distillation in a current of chlorine. 

W. J. R. Henley and S. Sugden found the mol. w^t. in benzene is 195*7-- theory 
for SeCOl 2 gives 1(36*1; and they favoured the formula Se(OH) 2 Cl 2 for the mono- 
hydrale, R. Weber described selenium oxydichloride as a yellowish liquid, but 
V. Lenher said that by distillation under reduced press., and crystallization by 
freezing, a nearly colourless liquid can be obtained. The spocific gravity of the 
liquid is 2*44 ; A. Michaelis gave 2*443; and W. C. Muchlberger and Lenher, 
2*424 at 22°. W. J. K. Henley and 8. Sugden found the sp. gr. of SeOCl 2 to be 
2*445 at 1674° ; 2*398 at 38*5°/4° ; 2*356 at r)9*5°/4°; and 2*314 at 77*574°, or, at 
^°/4°, the sp. gr. -2*478 - 0*0C2()8d; and for the monohydrate, SeOCl2.H20, 2*253 
at 14*8°/4°; 2*202 at 42*3°/4° ; 2*100 at 63*574°; and 2*134 at 78*6°/4°, or, at 
e°/4°, the sp. gr.~--=2*282—0*001890. They also obtained for the surface tension, a, 
of SeOCla: 

17-0'’ 4rr.^ 02'5® 80 .r 

<7 . . . 481 458 43*4 41-7 

V . . . 2-443 2-31)2 2-348 2-310 

. . 17<)-1 180-7 181-0 182-8 

where d denotes the sp. gr. of the vapour, and ilf the mol. wd. P'or the monO' 

hydrate 

16-2*’ 43 r (il-45'’ 77 r Ot’4^ 

a . . 52-48 49-02 46-73 45-78 43-70 

I) . . 2-251 2-200 2-165 2-136 2-103 

Ma*{D-d) 220-1 222-1 222-5 224-2 225-1 

The vapour density at 265°~290° was found by V. Lenher and co-workers to vary 
from 141*5 to 164*4—average 151*4. W. J. R. Henley and S. Sugden found 
from its effect on the f.p. of benzene that the mol. wt. is about 194—theory for 
SeOCl 2 , 166*1. Hence, the compound is associated in benzene soln. R. Weber 
found that at 0°, the liquid free 2 «s to colourless crystals, which have the melting 
point at 10°. V. Lenher and co-workers gave 10*8° for the f.p. of the light straw- 
coloured liquid, and 8*5° for the m.p. W. C, Muchlberger and V. Lenher gave 10*9° 
for the m.p. R. Weber gave 220° for the boiling point ; A. Michaelis, 179*5° ; 

F. Clausnizer, 175°-'176° ; J. E, Wildish, 179*4° at 745*44 mm.; W. C. Muchlberger 
and V. Lenher, 176°; and V. Lenher, 176*14° at 726 mm. V. Lenher and co¬ 
workers gave for the b.p. at a press., f mm., or the vapour pressure, p mm., at the 
given temp. .* 

p . 21 50-4 105-5 209 313 402 511 740 

B.p. 84*3“ 101-6'^ 117-0'^ 133-6° 146-0° 153-5° 161*8° 177*2° 
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The results can be represented by log p^-5*8503+0*0002197~~830-9(r™178)~i, 
where p denotes the vap. press, at the absolute temp. 7 °. When distilled under 
atm. press., selenium oxydichloride decomposes slightly, since a little selenium 
dioxide collects in the neck of the distilling flask ; the colour of the liquid in the 
distilling flask changes from pale straw-yellow to reddish-brown ; and the b.p. 
increases slightly. The minor decompositions are represented 2 Se 0 CL>-^^Se 02 
+SeCl 4 ; ^ 2 Se 0 i 4 ;:^SeoCl 2 + 3 Cl 2 ; 2 Se 2 Cl 2 .-+eCl 4 f 8 e ; and 4 SeOCl 2 ~'^Se 2 Cl 2 
+ 2 Se 02 + 3 Cl 2 . The presence of selenium has no measurable effect on the vap. 
press, between 90^' and 120 °; selenium monochloride up to 20 per cent, none 
between 89° and 121° ; selenium dioxide up to saturation at 20°, none between 
91° and 135° ; and selenium tetrachloride up to saturation at 20°, none between 
89° and 130°. V. Lenher gave 1*6516 for the index of refraction at 20° ; while 
the pale yellow liquid is transparent to visible light, it is so opaque to nltra-violet 
light as to he a practically perfect screen for all wave-lengths below 4050. 
A. P. Julien gave 2 x 10 i mhos for the electrical conductivity k, at 25°, and for 
temp., 0° between 11*8° and 64-0°, /t--/t25d-0*0392d-0'943 -0*0002(0 - 12 ) 2 . 
V. Lenher gave 9*6x10“"^ mhos for the conductivity between carbon electrodes at 
28°. The presence of water and liydrogen chloride increases the conductivity quite 
markedly ; chlorine gas and selenium tetrachloride produce a similar effect, but 
to a much smaller degree ; selenium monochloride in very small amounts causes 
a very slight decrease in the conductance ; selenium dioxide, although but slightly 
soluble in the reagent, decreases the conductivity in a very marked manner. An 
excess of selenium dioxide acted, in a selenium oxychloride sola., very much like 
a dehydrating agent: 2 Sc()Cl 2 ^Se 02 +SeCl 4 . J. E. Wildish found the dielectric 
constant of the liquid to be 51 at 10° and 46*2 at 20°, so that the temp, coeff. is 
1*04 per cent. The solid has a dielectric constant of 16*8 at 0 °. 

V. Lenher said that the same precautions are needed in lianrlling selenium 
oxydichloride as are required for other corrosive liquids. The vapours have no 
other })hysiological action than that of the hydrochloric acid produced by the 
hydrolysis of the oxydichloride by the mucous membrane. A. F. 0. (letman 
discussed the relations as a solvent. Y. l^iCnher found that calcium hydride is 
peptized by selenium oxydichloride to a gel. When the two are brought together, 
magnesium carbonate goes at once into the colloidal form, which state is even 
more accentuated when the two are boiled together. When a little water is added 
to the suspended gel, hydrolysis of the selenium oxydichloride is effected, and brisk 
effervescence at once takes place. B. Weber found that selenium oxydichloride is 
decomposed by water into hydrochloric and selenious acids. As just indicated, a 
small })roportion of moisture raises the electrical conductivity enormously, possibly 
forming a complex in the liquid 8 e 0 Cl 2 +H 20 =Se()o. 2 HCl. The presence of a trace 
of moisture in the liquid changes the pink colour of anhydrous cobalt carbonate to 
blue. V. Lenher observed that the oxydichloride dissolves bromine^ forming a reddish- 
brown soln , while iodine forms a purple soln. A. P. Julien found that hydrogen 
chloride raised the electrical conductivity owing, as in the case of moisture, to the 
formation of the same complex: 2 SeOCl 2 -f 2 HCI“SeCl 4 + 8 e 02 . 2 HCl—and selenium 
tetrachloride has little effect on the conductivity ; the result is due to the presence 
of Se 02 . 2 HCl. V. Lenher showed that potassium chloride dissolves in selenium 
oxydichloride, and the soln. gives off chlorine when it is wanned; potassium 
perchlorate does not react; when iodic acid» or iodine pentoxide» is brought in 
contact with the oxydichloride, chlorine, and iodine chloride are formed; and a 
similar result was obtained with potassium iodate* and with potassium periodate ; 
whilst potassium bromate first gives chlorine and then a mixture of chlorine and 
bromine. 

The members of the sulphur family readily dissolve in cold selenium oxydi¬ 
chloride, and with sulphur, selenium monochloride, sulphur raonochloride, and 
sulphur dioxide are formed. Dry hydrogen sulphide first gives a brown coloration, 
hydrogen chloride is then given off, and yellow selenium sulphide is formed— 
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which disisociatcs into sulphur and red selenium owing to the heat evolved by the 
reaction ; liquid hydrogen disulphide reacts vigorously in the cold, forming sulphur 
similar products and to those obtained with hydrogen sulphide. While dry sulphur 
dioxide is without action even at the b.p. of the oxydichloride, if a trace of moisture 
he present, selenium is deposited; sulphur trioxide dissolves in selenium oxy¬ 
chloride to form a thick, heavy soln., which is a powerful solvent. This soln. will 
dissolve the oxides of aluminium, chromium, the rare earths, titanium, columbiura, 
molybdenum, vanadium, and uranium, but will not dissolve the oxides of zirconium 
or of tungsten, and dissolves the oxide of tantalum only very slightly. When the 
oxydichloride is warmed with potassium ^rsulphate, chlorine is evolved—with 
persulphate and sulphuric acid chlorine is f^ven off with effei^escence in the cold. 
A. Michaelis symbolized the reaction with thionyl chlorido I SeOCl 2 +SOCl 2 
r-Se 0]4 Lenher observed that selenium behaves like sulphur, while 

solid anhydrous selenic acid evolves chlorine when gently warmed with the oxydi¬ 
chloride ; selenium dioxide dissolves in the liquid oxydichloride; selenium 
monochloride dissolves in the oxydichloride to the extent of 20 per cent.; Mlenium 
tetrachloride dissolves in the liquid— vi(Je supra, vap. press, of the oxydichloride. 
The action with tellurium resembles that with sulphur and tellurium tetrachloride 
is formed ; tellurium dioxide is dissolved, and when the solvent is evaporated, 
tellurium dioxide remains chemically unchanged; tellunc acid behaves like selenic 
acid ; and tellurium trioxide is not acted upon. 

According tro A. Michaelis, when ammonia is passed into cdd selenium oxydi¬ 
chloride very little action occurs at first; as the mixture is heated, there is formed 
a dark red mass with the evolution of nitrogen : 6 Se 0 Cl 2 +lbNH 3 -^ 3 be-f' 3 Se 02 
+ 12 NH 4 Cl-f 2 N 2 . W. Strecker and L. Claus observed that with liquid ammonia 
in the presence of ether, selenium tetramminoxydichloride, SeOCIgANHa, is 
formed ; it is decomposed by water into selenium, selenium nitride, ammonium 
chloride and selenite, and selenious acid. Jii a sealed tube, a fairly good yield of 
selenium nitride is obtained. V. Lenher reported that red phosphorus reacts in 
the cold witli the oxydichloride, evolving light and heat, while white phosphorus 
reacts explosively. When the reaction occurs in an evacuated flask, cooled by ice, 
and with the oxydichloride in excess, jihosphorus pentoxide and selenium mono- 
and tetra-chlorides are formed. A. Michaelis represented the vigorous reaction 
which occurs with phosphorus trichloride by the equation: SSeOClo+SPCla 
==:SeOl 4 -f- 8 e 2 Cl 2 + 3 POCla. This was verified by V. Lenher : but while A. Michaelis 
said that with phosphoryl chloride, selenium tetrachloride and phosphorus pentoxide 
are formed, V, Lenher observed that the two liquids are completely miscible and 
no selenium tetrachloride is formed. He also found that phosphorus pentUChtoride 
forms insoluble selenium tetrachloride and phosphoryl chloride. There is no 
reaction with calcium phosphide in the cold, but the boiling soln. reacts slowly. 
Liquid selenium oxydichloride slowly attacks arsenic ; powdered antimony takes 
fire when introduced into the liquid; bismuth is readily attacked; ars^C 
trioxide dissolves and is acted on chemically; arsenic and antimony sulphides 
react in the cold with the liberation of heat. C. R. Wise found that selenium 
oxydichloride is miscible in all jiroportions of arsenic trichloride ; while it dissolves 
38*64 per cent, of antimony pentachloride. R. Weber prepared a white crystalline 
compound, antimony selenium dioxyenneachloride, SbCl 5 . 2 SeOCl 2 . 

According to V. Lenher, boron, silicon, and all the various forms of carbon — 
whether graphite, charcoal, activated carbon, or diamond—are not attacked by 
selenium oxydichloride in the cold, and even when heated to moderate temp. 
At or above a red-heat, when a considerable dissociation of the oxydichloride 
occurs, both amorphous and graphitic carbon are oxidized. When natural coals 
are brought in contact with selenium oxydichloride, it reacts with the bituminous 
and resinic materials, extracting at least a part of these materials, leaving behind 
a carbonaceous residue. Thoroughly ignited coke loses nothing when treated 
with selenium oxychloride; [lartially coked soft coal does. Anthracite coal 
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containing practically no volatile combustible matter shows little action. Semi¬ 
anthracite coals lose a considerable amount of extractive matter with selenium 
oxychloride, while cannel, and the bituminous coals, lose a large amount of extrac¬ 
tive matter. The insoluble material was found to contain selenium and chlorine 
in considerable quantities. When the soft coals are powdered, selenium oxychloride 
reacts with them, evolving considerable heat. Lampblack, when treated with 
selenium oxychloride, loses its hydrocarbon content, leaving behind carbon. The 
carbonaceous matter extracted from iron and steel by treatment with a soln. of 
cuprous chloride gives a black extract. In the cold there is no reaction with 
calcium carbide, but there is a slow reaction on boiling. V. Lenher showed that 
the sat. aliphatic hydrocarbons are slowly attacked by selenium oxydichloride at 
a high temp.; while the aromatic hydrocarbons—like benzene and toluene- 
form physical mixtures which can be separated by purely physical means, such as 
fractional distillation. The complete recovery of the hydrocarbon can also be 
accomplished by hydrolysis of the selenium oxychloride with water. V. Lenher, 
and C. E. Frick observed that the unsaturated aliphatic hydrocarbons, or the 
olefines —like ethylene, propylene, butylene, and amylene—react more or less 
violently, forming the dichlorides of the corresponding alkyl selenides, regardless 
of whether the olefine or the oxydichloride is in excess. It is thus possible to 
separate such unsaturated aliphatic hydrocarbons as amylene from heptane, a 
sat. hydrocarbon, by simple contact with this solvent. Similarly, when a mixture 
of heptane and benzene is treated with selenium oxychloride the benzene forms a 
soln. with the selenium oxychloride, while the lighter heptane rises to the top and 
forms an immiscible layer. The reaction with turpGUtillB is as violent as is that 
of the halogens on turpentine. A. Muller studied the action of selenium oxydi¬ 
chloride on unsaturated hydrocarbons and ketones. According to V. Lenher, 
natural resins, bitumens, and asphalts dissolve with ease in selenium oxydichloride 
in the cold when they are of unsaturated character. Such a natural product as 
ozocerite, which consists essentially of sat. hydrocarbons, behaves towards selenium 
oxydichloride much like paraffin. It is scarcely acted on in the cold, but when 
the two are heated together it forms a homogeneous liquid phase, which, in cooling, 
separates into the solid phase of hydrocarbons and the liquid phase of selenium 
oxydichloride. W. Strecker and A. Willing observed its action on organic magne¬ 
sium compounds. V. Lenher observed that carbon tetrachloride is an excellent 
solvent for selenium oxychloride, as has been noted, but in time they react, pro¬ 
ducing selenium tetrachloride and phosgene. This is particularly true when the 
two are heated together for some hours. C. Chabri6 and co-workers studied the 
action of selenium oxydichloride on polyhydric alcohols— erythritol, and mannitol; 
and A. Miiller, the action on unsaturated hydrocarbons and ketones, resulting in 
the formation of addition products. V. Lenher found that proteins —like gliadin 
from wheat, zein from corn, glutenin from wheat, and elastin, as well as albumen, 
from egg and from blood—have been foimd to be readily attacked and dissolved 
by selenium oxychloride. Selenium oxydichloride dissolves hair, bristles, silk, 
and leather in the cold, and the action is much accelerated by heating. The 
oxydichloride has no appreciable action on cellulose* A piece of filter-paper, 
sealed up in a tube with selenium oxychloride, showed practically no action after 
being allowed to stand for 6 months. It has frequently been found convenient 
to filter selenium oxydichloride soln. through ordinary filter-paper during 
laboratory experiments. Starch and cahe SUgW are not appreciably acted on by 
selenium oxychloride in the cold, but when slightly warm, decomposition begins. 
The action of selenium oxydichloride with hydrocellulose is very sluggish, even 
when the two are boiled together. The behaviour of selenium oxydichloride 
towards fish and vegetable oib was found by V. Lenher to be in many respects 
similar to that of sulphur monochloride on the oils. With linseed oil, selenium 
oxychloride forms a rubber-like mass similar in many respects to that formed by 
sulphur monochloride. Menhaden oil reacts with selenium oxychloride to form 
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a water rubber-like mass. The insoluble phenolic condensation products, redmanol, 
bakelite and condensite, dissolve with ease in selenium oxydichloride. The 
reaction is accelerated by heating. Chemical change takes place. Gums, resins, 
dried paints, shellac, dried varnish, lacquer, agar, celluloid, gelatin, glue, including 
the insoluble casein glues, are all dissolved readily in the cold by selenium oxydi¬ 
chloride. Pure rubier, vulcanized rubber, and vulcanite react chemically with 
selenium oxychloride in the cold. The reaction is much accelerated by heating. 
The chemical character of the rubber is changed by the reaction. The soln. 
obtained when hydrolyzed by water gives in addition to hydrochloric acid, selenious 
acid, and red selenium, a white insoluble product of gelatinous character which 
contains selenium and chlorine in addition to carbonaceous matter. C. E. Prick 
added that in the behaviour of selenium oxydichloride there is no difference in 
empirical composition between pure rubber hydrocarbon from the Hevea tree and 
the synthetic rubber made by polymerizing isoprene with metallic sodium, 

V. Lenher and co-workers showed that most metals react with selenium oxydi¬ 
chloride, forming the metal chloride, and selenium monochloride; and this, in 
contact with water, gives hydrochloric and selenious acids, and red selenium. 
When sodium is introduced into the liquid, it is not acted on. Indeed, selenium 
oxydichloride can bo distilled in the presence of metallic sodium and no action is 
apparent, even at a temp, of 176*4”, the b.p. of selenium oxydichloride. Sodium, 
when dropped on selenium oxydichloride, floats, and if a few drops of water be 
carefully added, the water will float on the heavier selenium oxydichloride. The 
sodium will float on tof> of this water, and gives off hydrogen in its usual manner 
without any violence. On the other hand, when potassium is brought in contact 
with selenium oxydichloride in the cold, a violent explosion occurs. W. L. Ray 
said that at room temp, sheet copper forms a film of cuprous and cupric selenides, 
and the black coating then changes to cupric chloride : 3Cu+4SeOCl2 - 3CuCl2 
-b 2 Se 02 +Se 2 Cl 2 ; and copper selenide gives the same end-products; w^hilc cupric 
selenite reacts : CuSe03.2H20+38e0Cl2—CuCl24*4Se02+4HCl. There is a slow 
reaction with silver, which proceeds similarly to that with copper, but the film of 
silver selenide after it has been converted to the chloride forms a coherent film 
which retards further action. Precipitated silver is rapidly changed into silver 
chloride when carefully added to cold selenium oxychloride. Silver leaf added to 
cold selenium oxydichloride turns black at once, and in less than a minute is 
changed into a sheet of gelatinous silver chloride that floats on top of the selenium 
oxydichloride. If the selenium oxydichloride be hot, the reaction is similar, 
except that the film of silver chloride is thicker. There is a slow formation of 
silver chloride when the oxydichloride acts on silver Selenide. V. Lenher found 
that gold is slowly attacked, and a similar remark applies to calcium» and 
magnesium ; while zinc is rapidly attacked. W. L. Ray observed that when tin 
is added to cold selenium oxydichloride, action begins at once. The selenium 
oxydichloride becomes dark red from the selenium monochloride formed during 
the reaction. No precipitate is formed. When sufficient tin is present, the 
reaction continues until the soln. becomes so viscous that it will not run from 
one end of the tube to the other. The tin is oxidized to stannic chloride. It was 
not possible to prepare R. Weber's SnOl4.2SeOCl2 from the action of selenium 
oxydichloride on tin. The presence of selenium dioxide and selenium mono- 
chloride dissolved in selenium oxydichloride evidently prevents the reaction 
between the latter and stannic chloride to form 8nCl4.2SeOCl2. The reaction with 
lead is more rapid than with either copper or silver. There is no indication that 
lead selenide is formed as an intermediate compound. The lead chloride that is 
formed is granular and drops away from the metal, thus exposing fresh surfaces 
to the action of the selenium oxydichloride. V. Lenher found that titanium was 
unaffected after 12 months’ contact with selenium oxydichloride at ordinary temp, 
in a sealed tube. WTien the two are heated to 375” for 2 hrs., the action is not 
appreciable; no corrosion occurred with tantalum at 105”-110” in 6 months’ 
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time. At 200'' there was no loss of weiglit in 2 hrs., and at 375'", only 0*05 per 
cent, loss in 2 hrs.; chromium is readily attacked f)y the oxydiehloride ; tuu^tcn 
wire lieat(‘d with selenium oxydiehloride in a sealed tube to 105'" shows no tarnish 
until after 2H days, and there is no ap])reciablc elian^e in weight at 105^ until 
after 46 days. At higlier tein])., 140'' 20(r, a week of time is required for the 
development of tlie black tarnish, while at 375\ about 10 per cent, corrosion 
occurred in 2 hrs. Ac*cording to W. L. Kay, iron dissolves rapidly in hot sehniium 
oxydiehloride. The ferric chloride formed during the reaction remains in soln., 
but some of it is ])recipitated when the soln. in rep(‘utedly heated and cooled. In 
the cold, the reaction is slow and most of the ferric chloride separates from soln. 
as fast as formed. There is a very slow reaction with CObdlt. When a sheet of 
the metal is placed with selenium oxydiehloride in a sealed tube and allowyd to 
remain at room temp, for over a year, the selenium oxydiehloride was slightly 
darkened by selenium monochloride, wdiile a small amount of the metallic chloride 
was in the bottom of the tube. The reaction betv\a‘en selenium oxydichkuide and 
the finely divided metal is more raj>id. Tt was found that nickel behaves similarly ; 
and V. Lenher added that platinum is slowdy attacked. 

W. L. Ray observed that CUpric Oxide slowly reacts wdth selenium oxydiehloride, 
CuO+SeOClj,~CuCl 2 + SeO; and when CUprous OXide is heated with the 
oxydicliluride, cupric chloride is formed, and a little oxydiehloride is reducerl to 
the mono(diloride ; the reaction with silver oxide is attended by the evolution of 
light and lieat, forming selenium dioxide and silver chloride ; and the heat of the 
reaction decomposes a f)art of the silv(‘r oxide. V. Lenher observed that ^umina^ 
thoria, the rare earths, and the oxides of titanium, zirconium, columbium, and 
tantalum are not appreciably attacked by the cold oxydiehloride; vanadium 
pentoxide is attacked chemically. W. L. Kay observc'd that wdien a small pro¬ 
portion of the oxydiehloride is added to lead monoxide, red-lead, or lead dioxide, 
the reaction is accoJii])anied by the evolution of heat and light. With the last 
tw'o oxides chlorine is evolved. The following e([iiation represents the action ^of 
selenium oxychloride on lead dioxide: Jd) 02 d 2 SeOCl 2 - PbCLd- 
V. Lenher observed that Chromium trioxide, or potassium dichromate, dissolves in 
the oxydiehloride to form a beautiful red soln. which, when heated, gives off fumes 
of chromyl chloride. When molybdenum trioxide has been freshly ignited, it 
dissolves only slightly in selenium oxydiehloride, but wln*n slightly hydrated, it 
dissolves readily in the reagent. The soln. of molybdenum trioxide in selenium 
oxydiehloride, when exposed to sunlight or to strong artiheial light, as, for example, 
from an electric arc, shows a striking reversible photochemical reaction, pie soln. 
in a strong light becomes indigo-blue in a few minutes, and wdieii lirouglit into sub¬ 
dued light, this colour fades in a few' hours to the j)ale yellow' of the original soln. 
This discharge of colour can also be accomplished by healing the blue sedn. to a 
moderate temp. There is a slow reaction between uranium OXide and the 
oxydiehloride; and with potassium permanganate, on first contact there is no 
action, or at most only a superficial action, and it is only after many hours of contact 
that there is any appreciable reaction betw^eeii the tw'o. W. L. Kay observed that 
ferric oxide is only slowly affected by selenium oxydiehloride at room temp., but 
when selenium oxydiehloride in the vapour state is passed over ferric oxide heated 
to 400°, the reaction is rapid. Ferric chloride and seleniurn dioxide collect on the 
cooler portions of the tube. The reaction with cobult OXidc is slow, aud cobalt 
chloride and selenium dioxide are formed; similarly also with nickel OXltte. 
V. Lenher found that cadmium sulphide reacts in the cold with the liberation of 
heat; pyrite, mETOasite, and arsenopyrite are slowly acted on ill the cold by selen lum 
oxydiehloride, but when heated the reaction is more energetic. Sul})hur dioxide is 
evolved and selenium monoohloride is formed at the same time. 

Anhydrous sodlum and potassium carbonates and hydrocarbonates react with 
selenium oxydiehloride giving off carbon dioxide; copper carbonate is only slightly 
attacked in the cold; (^cium carbonate is covered with a white crust of selenite ; 
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Sixoilitlllll Cftrbonate gives ofi carbon dioxide, and the other products of the reaction 
pass into soln.; bariam carbonEte effervesces and forms an insoluble gel; and 
carbonate is peptized by selenium oxydichioride to a gel. Whei^ the 
two are brought together, magnesium carbonate goes at once into the colloidal form, 
which state is even more accentuated when the two are boiled^ together.^ When 
a little water is added to the suspended gel, hydrolysis of the selenium oxyd jcliloride 
is effected, and brisk effervescence at once takes place. Selenium oxydichioride 
quickly dissolves zinc carbonate in the cold, lead carbonate is only slightly 
attacked; cobalt carbonate also is only slightly attacked—when the pink carbonate 
is treated’ with selenium oxydichioride, it instantly turns blue without showing 
effervescence. If water be added, the selenium oxydichioride is at once hydrolyzed, 
and the acid set free reacts energetically on the carbonate, causing effervescence 
and the formation of a blue cobalt soln., which with further addition of water trans¬ 
forms to the rose colour, characteristic of dil. cobalt soln. Cold selenium 
oxydichioride has ouly a slight action on nickcl carbonate. Finely divided bannm 
aillphatc is peptized by contact with selenium oxydichioride, and its physical appear¬ 
ance is changed from the finely divided condition to that of a gel much resembling 
freshly precipitated aluminium hydroxide. This gelatinous form of barium sulphate 
can also be produced when a soln. of selenium oxydichioride containing dissolved 
barium chloride is treated with a soln. of selenium oxydichioride containing sulphuric 
acid. When these two sobi, are brought together, barium sulphate is precipitated 
in a gelatinous form. This colloidal form of barium sulphate immediately changes 
to the ordinary form when treated with water. 

C, R. Wise found that, at 25°, selenium oxydichioride dissolves 3*21 per cent, of 
lithiom chloride ; and 0*57 per cent, of sodium chloride, but no complex salt has 
been obtained ; it dissolves 2*89 per cent, of potassium chloride, and it forms the 
complex salt potassium selenium oxytrichloride, KCl.SeOCl 2 . The comi)ound is 
hydrolyzed by water. It is soluble in alcohol, w'hile chloroform gradually extracts 
the selenium oxydichioride, leaving potassium chloride. The oxydichioride dissolves 
3*56 per cent, of rubidium chloride, forming tabular crystals of rubidium selenium 
oxytrichloride, RbCI.SeOCl 2 ; this appears as a solid phase which requires consider¬ 
able time for equilibrium, followed by the separation of well-defined crystal plates 
accompanied by a little yellow powder. The salt is hydrolyzed by water, and is in¬ 
soluble in chloroform. The oxydichioride dissolves 3*83 per cent, of CSBSium chloridc, 
producing a yellow, gelatinous mass which has not yet been converted into a definite 
compound. The oxydichioride does not dissolve anhydrous cuprous chloride, or 
silver chloride, and no complex salts are formed. The oxydichioride dissolves 6*11 
per cent, of calcium chloride, forming more gelatinous products than is the case 
with the alkali chlorides; the complex calcium selenium trioxyoctOCWoride, 
CoCJ2.3SeOCl2, and possibly others, are formed. The oxydichioride di^olves 
5*17 per cent, of stnmtittm chloride, and 3*95 per cent, of b^um chloride^if 
00625, 0*25, and 1*0 mol of water be present per mol of selenium oxydichioride, 
3*86, 2*32, and 0*45 per cent, of barium chloride is dissolved. The oxydichioride 
dissolves 4*96 per cent, of magnesium chloride, and its action resembles that of 
calcium chloride, forming magnesium selenium izioxyoctoohloride, MgCl2.3SeOCl2. 
The oxydichioride dissolves 1*10 per cent, of zinc chloride, 0*15 per cent, of cadmium 
chloride, and 0*89 per cent, of mercuric chloride, but forms no definite compounds; 
it dissolves 0*75 per cent, of titanium tetrachloride, and, as shown by R Weber, 
it forms white crystals of the complex titanium selexdum diosyoclochloride, 
TiCl4.2SeOCl2; it dissolves 13*75 per cent, of stannic chloride, and R. Weber obtained 
white crystals of stannic selenium dioxyoctochloride, SnGl4.2SeOCl2. The o^di- 
chloride does not dissolve or form a compound with lead dlloride ; and similarly 
with chromium trichloride, it dissolves 0*16 per cent, of mangimese chloride, and 
23*40 per cent, of toric chloride. In the latter case the action is slow and there is 
a great tendency to supersaturation. Ruby-red crystals of ferric selenium dioxy- 
heptaohloride, FeCls. 2 SeOCl 2 , are formed either when the selenium oxydichioride 
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ii in excess or when the ferric chloride is in excess. The compound dissolves readily 
in alcohol, ether, xylene, chloroform, and carbon tetrachloride. Water causes 
hydrolysis of the compound with the production of a yellow precipitate. The 
oxydichloride dissolves 0*15 per cent, of nickelous chloride and 017 of oobaltoUB 
chloride without forming compounds. According to V. Lenher and H. G. Taylor, 
when shaken with a mixture of selenium oxydichloride and heptane, barium sulphate 
passes into the oxydichloride layer ; with a mixture of selenium oxydichloride and 
70 per cent, sulphuric acid, it goes into the acid layer, whilst with heptane and water 
it remains at the interface and (‘mulsions are readily formed. Hence barium 
sulphate is wetted more easily by selenium oxydichloride than by lieptane, and 
still more easily by 70 per cent, sulphuric acid. Selenium oxydichloride has no 
action on barium sulphate, and the gelatinous product obtained when barium 
sulphate is precipitated in this solvent can therefore contain nothing but adsorbed 
oxydichloride. A, V. Slater studied the peptization of barium sulphate and of 
magnesium carbonate by selenyl chloride. 

W. Prandtl and P, Borinsky ^ prepared sulphoselcnium enneaoxyoctochloride» 
2SeCl4.3S08, by melting at 140°, by the action of sulphur trioxide on selenium 
tetrachloride: when heated in vacuo at 155° it forms sidphoselenium trioxytetra- 
chloride, SSe 03 Cl 4 , melting at IGS"" and boiling at 185°. The latter can be repre¬ 
sented by the formula : 



^C1 Cl 


>Se< 


Cl 

Cl 


It is also obtained by the action of pyrosulphuryl chloride on selenium; or of 
chlorosulphonic acid on selenium tetrachloride. It reacts with ammonia like 
selenium tetrachloride. TJiey also obtained sulphoselenium trioxytetrabromide^ 
SSe 08 Br 4 , in an analogous way; sulphoselenium tetroxydibromide» Se 0 Br 2 .S 08 , 
by the action of sulphur trioxide on selenium tetrabromide. J. Meyer and 
V. Stateczny could not j)repare selenium dioxydichloride, or selenyl boride, 
Se 02 Cl 2 , analogous to sulphuryl ciiloride; nor could selenochromyl chloride, 
SeCr 05 Cl 2 , analogous to SCrOgO^, or to Cr 205 Cl 2 , be obtained —vide supra, 
chromium chloroselenates. 

K. Schneider ^ melted a mixture of selenium tetrabromide and dioxide and 
obtained a brown Liquid which solidified to needle-like crystals which probably 
consist of selenium oxydibromide, SeOBr 2 , or selenyl bromide. R. T. Glauser said 
that when a selenium oxydichloride is distilled with sodium bromide, a dark red 
liquid is obtained which solidifies into a mass of yellow needles. It is also produced 
by the action of selenium tetrabromide on the dioxide. 

V. Lenher prepared the oxydibromide by adding to sublimed selenium dioxide 
the calculated amount of fused selenium in a flask fitted with a rubber 
stopper through which passed a dropping funnel and a safety tube filled with fused 
calcium bromide. The flask was cooled to 0"*, and the amount of bromine necessary 
to convert the metal into tetrabromide cautiously added in small quantities. The 
mixture was then warmed until the whole of the oxide had dissolved to form the 
oxydibromide. Selenium oxydibromide is a reddish-yellow solid of specific gravity 
3-38 at 50''; its melting point is 41*5° to 41*7°—R. T. Glauser gave 30°~40°—and its 
boiling point* 217° at 740 mm. It decomposes'so readily when heated that it can¬ 
not be purified by distillation even under reduced press. Its electrical conductivity 
is 60x10““^ ohms at 40°-50°. Selenium oxydibromide is a very active chemical 
reagent. If dry air is bubbled through the oxydibromide at 60°, bromine is set free 
owing to the primary dissociation of the compound into selenium dioxide and 
tetrabromide, followed by the secondary dissociation of the tetrabromide into mono- 
bromide and bromine. It is slowly converted by water into selenious and hydro- 
bromic acids; chlorine displaces the bromine from the oxydibromide, and iodine 
is freely soluble in it; sulphur reacts readily in the cold evolving sulphur dioxide ; 
hydrogen sulphide causes a slight decomposition; sulphur dioxide has no action 
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on the oxydibroinide ; R. T. Glauser said that the oxydibromide dissolves in sul¬ 
phuric acid, and may be largely recovered by adding a small proportion of water. 
V. Lenher observed that selenium dissolves in it, forming the monobromide; yellow 
phosphorus explodes with the solid, while red phosphorus takes fire and burns ; 
arsenic and antimony are attacked, forming the metal tribromide and selenium 
monobromide; carbon and silicon are not attacked; carbon monoxide has 
no action ; it dissolves in carbon disulphide, chloroform, benzene, toluene, and 
xylene, and the fused oxydibromide is miscible in all proportions with these solvents; 
carbon tetrachloride dissolves the o.vydibromide readily, but the fused material 
dissolves only to the extent of h per cent., and on heating the so In. for several 
days, carbonyl chloride and selenium tetrachloride are formed. The oxydibromide 
reacts explosively with sodium, producing the bromide and selenium monobromide, 
whilst potassium reacts ( ven more violently; mercury, tin, bismuth, iron, calcium, 
copper, lead, silver, molybdenum, thallium, gold, platinum, and zinc are al 1 attacked, 
forming the metallic l)romide and selenium monobroinide. Zinc dust burns in the 
oxybroniide ; aluminium and magnesium are only slightly corroded after heating 
for a week at 10()° in the oxybroniide. Calcium, chromium, nickel, cobalt, tungsten, 
and tantalum are not attacked wiien heated for ten days at 100°. The Oxides 
of mercury, silver, calcium, and sodium react energetically witli selenium 
oxybroniide, the OXides of arsenic, tin, and tellurium less energetically, and the 
oxides of columbium, tantalum, vanadium, thorium, titanium, zirconium, and 
uranium are uuattacked after heating for several days at 100°. With most 
carbonates, the anhydrous oxybroini<le reacts only sluggishly even on heating, but 
in the presence of moisture the reaction is vigorous. The commoner sulphides 
react 'with the oxybromide with the deveIo})nient of heat, forming metallic bromides 
and selenium monobromide. Potassium chlorate liberates bromine from the 
oxybromide, but potassium perchlorate, permanganate, dichromate, and chromium 
trioxide are without action on it, 

K. R. le Geyt VV'orsley and H. B. Baker ^ found that consid(‘rable heat is evolved 
by the combination of hydrogen chloride and selenium trioxide and ])artial decom¬ 
position occurs, red selenium being formed. If, however, the temp, be kept down 
by immersing tlie r(‘action vessel m ice, no de< ornpositiori takes pJac(‘ and a nearly 
colourless liquid is formed. Analysis agrees with chlorosclenic acid, HClSe 03 ; 
and the mol. wt. determined from the low’ering of the f.p. of sola, in phosjihoryl 
chloride agrees with the doubled formula (HClSe 03 ) 2 . Chloroselenic acid obtained 
is a nearly colourless liquid which slowly iurns pale yellow. It fumes in the air, 
evolving hydrogen chloride. Its density is 2*26 and it solidifies at —46°. On 
heating, it is decomposed, evolving hydrogen chloride and leaving selenium dioxide 
and selenium. The chloroselenic acid dissolves very readily in water, evolving 
considerable lieat, and forming seienic and hydrochloric acids. It is also 
decomposed by alcohol, heat being evolved and selenium j)recipitated. It is 
insoluble in other, benzene, chloroform, or carbon tetrachloride, but dissolves readily 
in selenium oxydichloride without decomposition. 

A. Ditte observed that hydrogen fluoride is copiously absorbed by selenium 
dioxide; and E. B. R. Prideaux and J. O’Neil Millott froze out from the accom¬ 
panying liquid the complex selenium dioxypentahydrofluoride, SeOo.SHF, a rare 
example of a combination of hydrogen fluoride with an acid anhydride. The com¬ 
pound is in equilibrium with liquids of various compositions. It dissociates in the 
vapour phase, giving off small quantities of hydrogen fluoride, the vap. press, of 
which is only a small fraction of that of the pure acid. At higher vap, press., the 
dissociation of the vapour which contains selenium dioxide is not complete. Thus, 
the same compound is obtained either by distillation of the excess of hydrogen 
fluoride or by freezi ig from liquids of different compositions. According to 
A. Ditte, selenium dioxide absorbs dry hydrogen chloride with the development 
of much heat to form acicular crystals w hich disappear as the temp, rises to 20°. 
The liquid has the composition 8e02.2HCl. V, Lenher obtained it by passing 
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hydrogen chloride over silver selenite: Ag2Se03+4HCl=2AgCI +H20+8e02.2HCK 
A. Ditte said that the compound loses hydrogen chloride as the temp, rises above 26®. 
The dissociation press., p mm., is: 

30® 40® 55® 75“ 100® IIH® 

p ... i) 16 48 142 ;113 604 1012 

V. Lenher found that the product easily loses water, giving the oxydichloride. 
C. W. Muehlberger and V. Lenher inferred that the complex 8e02.2HCl is really 
hydrated selenium oxydichloride, Se0Cl2.H20, with a sp. gr. 2*246 at 25® ; a surface 
tension of 55 dynes per cm. at 25® ; a m.p. below KX)® ; an index of refraction of 
1*642 at 20® ; and an electrical conductivity of 2*7 X10“^ mho. Dissociation begins 
at 94®, and the b.p. rises to 179® without any indication of the formation of a 
constant boiling mixture. A. Ditte also prepared Se02.4HCl, in needle-like crystals, 
by the action of dry hydrogen chloride on the preceding salt. It is decomposed by 
heat, and it is best made at a temp, of —10® to —15®. At —30®, the dissociation 
press., p mm., is zero ; and 

-20“ -1S“ 0’ 12“ 15“ 25“ 33“ 

p ... 60 70 219 418 483 700 996 

The salt dissolves in water with the evolution of a little gas. T. W. Parker and 
P, L. Robinson, and G. F. Hoffmann and V. Lenher obtained selenium dioxy^ 
dihydrochloride, 8e0.2.2Hri, and selenium dioxytetrahydrochloride, Se02.4HCl, 
by the action of hydrogen chloride on selenium dioxide. The first is a yellow 
liquid, stable up at 170®, and able to be distilled at this temp, with some decom¬ 
position ; the second compound is a yellow solid, stable at 0®. A. Ditte found that 
hydrogen bromide is also absorbed by selenium dioxide to form Se02.4HBr. The 
steel-grey plates exert no perceptible dissociation press, at 55®, but at higher temp, 
decompose into selenium, bromine, and water. It dissolves in water, forming a soln. 
almost black in colour. The compound absorbs hydrogen bromide at —15® to 
form 8e02.5HBr. The brown plates decompose at 65® into bromide and water, 
forming the preceding salt. The compound has no perceptible dissociation press, 
at —25° ; at —6® it is 100 mm.; atO®, 135 mra. ; at 30®, 287 mm. ; at 54®, 404 mm. ; 
and at 54®, bromine appears, indicating some decomposition as distinct from dis- 
secuation. C. W. Muehlberger and V. Lenher said that 8e02.2HBr is identical w^ith 
hydrated> selenium oxydibromide, Se0Br2.H20. Its sp. gr. is 3*077 at 22®. It is 
obtained as a red-brown oil on passing hydrogen bromide over selenium dioxide. 
At 115®, it begins to decompose, producing bromine, selenium monobromide, 
tetrabrornide, and oxybromide, selenium dioxide, water, and hydrogen bromide. 
On cooling to —10®, crystals of selenium tetrabrornide separate. An excess of 
selenium dioxide causes the separation of yellow needles of the oxybromide, 8eOBr2, 
melting at 40®, They prepared Se02.4HBr, but could not obtain 8e02.5HBr. 
A selenium hydrodioxyiodide is formed by the absorption of hydrogen iodide by 
selenium dioxide, but it decomposes at —10®, into water, iodine, and selenium. 

According to W. Muthmann and J. Schafer, when an attempt is made to prepare 
chloroselenates, analogous to the bromoselenates, from a soln. of selenious acid, and, 
say, ammonium chloride in hydrochloric acid, colourless, monoclinic crystals of 
potassium chloropi^selenite, KSe204C1.2H20, are formed. If the soln. of potassium 
cldoropyroselenite is treated with silver oxide, and the filtered soln. evaporated, 
crystals of the tetraselenite KH3(Se03)2 are deposited. This salt Joses two-thirds of 
its water at 100° and is considered to be a pyroselenite, KHS2O5.H2O, so that the 
potassium salt is KO.SeO.O.SeO.CI. Similarly also with ammonium chloropyro- 
selenite, (NH4)Se204Cl.2H20, and rubidium cUoropyroselenite» RbSe2O4.Cl.2H2O. 
W. Muthmann and J. Schafer also prepared potassium bromopyroselenite, 
K8e204Br.2H20; and ammonium bromopyroselenite, (NH4)Se204Br.2H20. 
J. Meyer and H. Wilk prepared thallosic cbloroselenate, Tr"TrCl 2 (Se 04 ), by the 
reactibn symbolized : 2ftTl(8e04)2.4H20-f HCI-Tr'TrCl2(Se04) -f Cl2+H2Se04 

+8H2O ; and similarly with thallosic bromoselenate, Tr"'lTBr2Se04. 

VOL, X. 3 N 
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According to R. F.Weinland and G. Barttlingck/ potassium seleuatomonoiodaie» 
2K20.28e02.l2^^6*H20, is obtained by evaporating over sulphuric acid at ordinary 
temp., a soln. of selenic acid, iodic acid, and potassium hydroxide in the molar pro¬ 
portions 6 : 1 : 6 , If less selenic acid be used, the first crop of crystals is potassium 
iodate, and if more, the yield is poor. If less potassium hydroxide be 
used, the selenatotriiodate is formed. The crystals are four-sided prisms, which 
are stable in air and do not effloresce over sulphuric acid. Water decomposes the 
salt, forming iodate. The corresponding ammonium selenatomonoiodate» 
2(NH4)20.2Se03.l205.H20, is obtained in a similar way using 8 : 1:7 molar pro¬ 
portions of selenic acid, iodic acid, and ammonia. If the proportions 7 : 1:1 
be employed, ammonium selenatotriiodate, 2(NH4)20.2Se03.3l205.5H20, is obtained 
in colourless prisms, similarly also with selenic acid, iodic acid, and potassium 
hydroxide in the proportions 6 : 1 : 3 , or 6 : 1 : 1 , potassium selenatotriiodatey 
2K2O.2SeO3.3i2O5.5H2O, is obtained in colourless crystals which are stable in air 
and do not effloresce over sulphuric acid. The salt is decomposed by water. 
Similarly, using a soln. with selenic acid, iodic acid, and rubidium hydroxide in the 
molar proportions 7 : 1 : 4 , rubidium selenatotriiodate» 2Rb2O.2SeO2.3i2O5.5H2O, 
is formed. 

H. Fonxes-Diacon ^ o])tained mercuric diselenodifluoride, HgF2.2HgSe, by 
passing hydrogen selenide into a soln. of yellow mercuric oxide in fuming hydro¬ 
fluoric acid. When dried at 110°, the precipitate 
is yellow. It is decomposed by alkali-lye, and by 
boiling water. H. Uelsmann obtained mercuric 
diselenodichloride, HgCl2.2HgSe, by the action of 
hydrogen selenide on a soln. of mercuric chloride, 
and by the action of an excess of mercuric chloride 
on potassium selenide or a soln. of selenium in 
ammonium sulphite soln. The white powder, when 
heated, decomposes into mercuric selenide and a 
sublimate of mercuric chloride. Soda-lye blackens 
it, and when boiling, it forms an oxyselenide. It 
is insoluble in hydrochloric, sulphuric, and nitric 
acids even when boiling; it is freely soluble in 
aqua regia, and in a mixture of cone, sulphuric 
and nitric acids. H. Fonzes-Diacon also prepared mercuric tetraaelenodichloride, 
HgCl2.4HgSe, by the action of hydrogen selenide on a soln. of mercuric 
chloride mixed with a hydrochloric acid soln. of cujirous chloride—the product 
may be a mixture of selenium and diselenodichloride. H. Fonzes-Diacon 
reported mercuric diselenodibromide, HgBr2.2HgSe, as in the case of the corre¬ 
sponding diselenodichloride. He also reported mercuric tetrasdenodibromidey 
HgBr2.2HgSe2, h’ke the corresponding HgBr2.2HgSe2. F. OJivari determined the 
f.p. of mixtures of selenium and mercuric chloride, and the resulting curve, Fig. 63 , 
shows no sign of a chemical compound. There is a region of limited immiscibility 
in the liquid state for soln. with between 16 and 53 per cent, of selenium. The 
eutectic at 210° corresponds with 81 per cent, of selenium. H. Fonzes-Diacon 
also obtained mercuric diselenodiiodidCy Hgl2.2HgSe, by the method used for the 
diselenodichloride. 



Fio. 63.—^The Freezing PoiniR 
of Mixtures of Mercuric Bro¬ 
mide and Selenium. 
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§ 15. Selenium Sulphides 

F. Stromeyer ^ found selenium mixed witJi the sulphur of the J.<ipari Islands, 
W. Haidinger called the admixture volcanite; L. Bombicci, after the name 

Aolian Islands; and J. Dana, selensulphur. E. Quercigh described the native 
selensulphur which occurs on Vulcano, Aeolian Islands, in thin adherent layers in 
an altered siliceous rock. The amorphous, vitreous, brownish-red mass has a 
conchoidal fracture; and it is, microscopically, transparent, blood-red, isotropic, 
and not pleochroic. It contains minute, opaque inijmrities, and has a sp. gr. between 
2*544 and 2 * 675 . Traces of tellurium, and anseiiic are present. J. 1 ). Dana showed 
that the sulphur of Kilauea, Sandwich Islands, is seleniferous, and ( 1 . V. Brown found 
that an orange-red or sulphur-yellow incrustation on tfie slaggy lava from the crater 
of Kilauea contained sulphur and selenium in the at. ratio 45-5 : 1, and no tellurium. 
E. Divers discussed the seleniferous sulphur of Japan, which also contains some 
tellurium. 

J. J. Berzelius found that sulphur and selenium may be fused together in all 
proportions; but he seems to have assumed, partly by analogy with the oxides, 
that two chemical individuals are formed, namely, selenium di- and tri-sulphides--- 
SeSg and 8083. B. Rathke made a similar observation, and A. Bettendorff and 
G. vom Rath stated that no crystalline compounds are formed during the freezing 
of the molten mixture. W, E. Ringer showed that the molten elements 
are miscible in all proportions, but when the proportion of selenium is greater than 
10 at, per cent., crystallization does not readily occur. Even by very slow cooling, 
the mixture solidifies in an amorphous form ; and when the proportion of selenium 
is high, crystallization can be completed only by heating the selenium for many 
hours near its ra.p. The crystalline mixtures probably contain only mixed crystals, 
and no evidence of the formation of a compound was observed. The following 
final m.p. were observed with mixtures containing the following atomic percentages 
of selenium which melted at 217 ‘ 4 ®~ 217 * 8 ®—the m.p. of the sulphur being 
118 * 2 ^- 119 *^: 

Se . 10 20 30 40 60 60 70 80 90 

M.p-. 116*6® 114*2® 108® 106® 130® 136" 150® 170*5® 188® 
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The initial m.p. of the mixture with 10 per cent, of selenium was 114°. The whole 
of the results are plotted in Fig. 64. E. Beckmann and C. Platzmann found selenium 

to be sparingly soluble in sulphur, and with soln. up 
to 2*5 per cent. Se, the raising of the f.p. averaged 
0*242° per one per cent. Se; and it is concluded that 
selenium is present as Seg. A. Bettendoriff and 
G. vom Rath, and W. Muthmann studied the iso- 
morphous crystals obtained from soln. of the two 
elements in carbon disulphide. W. E. Ringer gave 
the results summarized in Fig. 65. According to 
W. Muthmann, one set of solid soln. takes the form 
of the monoclinic prisms of sulphur with a :h: c 
~]*0609: 1: 0*7094, and j3“91° 47'; thus, crystals 
with 48 per cent, selenium had the axial ratios 
a:h: c=::l*0614: 1 : 0*7046, and ^-91° 18'. The 
mtcperce . other set takes on the form of the monoclinic prisms 

Fio r>4.-MeHing Pomte o ^ selenium with a c=l-6349 : 1 : 1-6095, and 
Sulphur. . p- 104 2 ; thus, crystals with 68*5 per cent. 

selenium have a : 6 : c—1*5926 : 1 : 1*5567, and 
:=105° 29'. In the case of molten mixtures, W. E. Ringer observed three series 
of solid soln.: 0) solid soln. of the first type of monoclinic sulphur with 0 to 
27 at. per cent, of selenium ; (ii) solid soln. of the second type of monoclinic 
sulphur with about 50 to 82 at. per cent, of selenium ; and (iii) hexagonal or 
(trigonal) mixed crystals of tiie type of the metal selenium, with 87 to 100 at. 
per cent, of selenium. When selenium is added to sulphur, the transition point 
(95*5°) from the monoclinic to the rhombic variety is lowered; when 2*05 at. 
per cent, of selenium is present the transition point is 93*5° ; with 4*25 at. per 
cent, it is 91°-93°; with 7 at. per cent, it is 83°-86°, and with 12 at. per cent, 
it is 76°-82°. The mixed crystals of series (i), therefore, exhibit the same 
transition from monoclinic to rhombic crystals below a certain 
temp, that sulphur does. The mixed crystals of the other 
two series do not show any transition. At the ordinary 
temp, there exist a series of rhombic crystals with 0 to 10 at. 
per cent, of selenium, and the second (extending, however, 
only from 55-75 at. per cent, of selenium), and the third 
series just mentioned. L. Losana studied the ternary sys¬ 
tem : S Se-Te- tellurium. M. Padoa found the at. 
heat of sulphur in mixtures containing 4, 9, 28*7, and 90*35 
per cent, of rhombic sulphur to be respectively 7*03, 6*00, 
5*87, and 5*50; and with 90*35 per cent, of monoclinic 
sulphur, 5*78— vide sp. ht. sulphur. H. B. Merwin and 
E. S. Larsen proposed mixtures of selenium and sulphur as 
immersion media in the determination of liigh refractive 
indices. They found for the indices of refraction for the Na- and Li-lines of 
mixtures containing the following percentages of selenium: 



0 20 GO ao m 
Atperce/rt.SefnsoU? 

Fia. 06. — Composi¬ 
tion of Solid Soln. 
of Sulphur and Se¬ 
lenium from a Soln. 
of the Two Com¬ 
ponents. 


Se . 

00 

9*0 

26*0 

48*2 

64*0 

76*0 

80*0 

93*8 

100 per cent. 


1*978 

2*000 

2060 

2* 126 

2*260 

2*360 

2*400 

2*600 

2*716 

^Li * 

1*998 

2*022 

2*078 

2*163 

2*307 

2*423 

2*490 

2*765 

2*920 


J. J. Berzelius obtained what he regarded as seleniUDl disulphide, 8082 , by 
passing hydrogen sulphide into selenious acid. The lemon-yellow precipitate 
becomes orange-yellow and remains suspended in the liquid for a long time; 
but it is flocculated by warming the liquid, or by the addition of an acid. The 
analysis is in agreement with that required for the disulphide. The powder 
dries to a red colour. If the selenious acid be mixed with nitric acid, and then 
treated with hydrogen sulphide, E. von Gerichten found that the product has 39*0 
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instead of the theoretical 55*4 per cent, of selenium ; and B. Kathke found that 
after dissolution in and crystallization from carbon disulphide, the product had 
63*86 per cent, of selenium. According to E. Divers and T. Shiniidzu, hydrogen 
sulphide passed into a cold, dil. soln. of selenious acid gives a yellow, pulverulent 
precipitate containing S : 8e-~-2 : 1, viz. 2 Hj>B+Hj>Se 03 --- 2 S+Se+ 3 H 20 ; but if 
the soln. is warm, another reaction sets in, forming sulphuric acid and selenium : 
2 H 2 S + 4H2Se03 -2H2S()4+4Se -[ 4 H 2 O, so that the precipitate becomes richer in 
selenium ; dil. sulphurous acid with an excess of a cone. soln. of hydrogen selenide 
yields a deep red precipitate of selenium free from sulphur: 2 H 2 Se+H 2 S 03 =2Se 
+S 4 - 3 H 2 O ; and the sulphur reacts with the excess of hydrogen selenide: H 2 Se + S 
-"H 2 S + Be; but gaseous hydrogen selenide passed into sulphurous acid gives an 
orange-red precipitate containing sulphur: 6 H 2 Se-)- 2 H 2 S 08 — 68e + 2 H 2 S+ 6 H 20 . 
The hydrogen sulphide there reacts with the sulphurous acid in excess, 2 H 2 B+H 2 SO 3 
=3S+3H20. E. von Gerichten observed that if an excess of hydrogen sulphide 
be passed into a soln. of Kselenious acid in an excess of potash-lye, the liquid becomes 
reddish-brown, and then selenium is slowly deposited. He assumed that the 
selenious acid is completely reduced, forming the sulphide, which is then decomposed 
by the alkali-iye to form a soln. of polysulphide. If less hydrogen sulphide be 
introduced, and the reddish-brown soln. be treated with sulphuric acid, there is 
formed a mixture of selenium and sulphur approximately in the proportion Be : Se 2 
is precipitated ; and if a soln. of potassium selenite and sulphuric acid be treated 
with hydrogen sulphide, the precipitate has the composition 8082 ; while if selenious 
acid be mixed with ammonium sulphide, the reddish-brown precipitate of 8082 
is formed, which is freely soluble in an excess of ammonium sulphide. 

According to J. J. Berzelius, selenium disulphide softens at 100 '’, and melts at 
a slightly higher temp.; at a still higher temp, it boils and distils. When burnt in 
air, sulphur dioxide is the ch^ef product, afterwards selenium dioxide, and if the 
supply of air be limited, some selenium sublimes unburnt. H. Rose found that 
chlorine gas forms a mixture of selenium and sulphur chlorides, and the latter is 
volatilized before the former. J. J. Berzelius said that nitric acid slowly decomposes 
the disulphide, while aqua regia acts quickly ; when the disulphide is fused with a 
small proportion of potassium carbonate, the product when extracted with water 
leaves a residuum of selenium, whereas if a large proportion of the carbonate be 
employed, the whole is soluble in water ; a small proportion of potash-lye exijracts 
sulphur and leaves a residuum of selenium containing a little sulphur, whereas with 
a large proportion of alkali-lye, all the sulphur and a little selenium are dissolved 
while selenium remains as a residuum. A soln. of potassium sulphide or hydro- 
sulphide abstracts sulphur from the disulphide, with the separation of selenium— 
the latter solvent only after prolonged boiling. If the solvent be in excess, some 
selenium is dissolved, and sulphur free selenium remains ; if but a small proportion 
of the solvent is used, no selenium is dissolved. 

According to A. Gutbier, a soln. of colloidal selenium disulphide is formed when 
hydrogen sulphide is passed into a neutralized aq. soln, of selenious acid. 
The yellow and green fluorescent liquid can be filtered in the usual way without 
change; ft is slowly coagulated in the presence of electrolytes. A. Gutbier 
and J. Lohmann added that when the hydrosol is boiled in the presence of hydro¬ 
chloric acid, a bright red preci})itate is formed ; and this reaction is influenced by 
light, heat, time, and press. The hydrosol obtained by passing hydrogen sulphide 
into an aq. soln. of selenium dioxide also does not contain selenium and sulphur 
chemically combined, since, when the soln. is repeatedly agitated with carbon 
disulphide, the total amount of sulphur present can be separated. 

According to A. Ditte, if a very dil. soln. of selenious acid at 0 ® to 5® be saturated 
with hydrogen sulphide, a lemon-yellow powder is produced which can be vn(*II 
Washed and dried in vacuo; it is a mixture of seldnium mouosulphide, 8 eS, and 
sulphur: Se 02 + 2 H 2 S== 2 H 20 +SeS 4 -S, the supernatant liquid contains neither 
selenium nor pentathionic acid. If the mixture be left for some time i 7 ioi‘ 5 ienefl 
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witli carbon disulphide, it furnishes orange*yellow scales having the composition 
of selenium inonosulphide, for the excess of sulphur in the ori^al precipitate goes 
into sola. If a neutral selenite soln. be used in place of selenious acid, the mono- 
Hulphide can be more readily obtained in the subsequent treatment with carbon 
disulphide, but it is then of a dark reddish-brown colour, and a slightly smaller 
content of suli>bur. E. Divers and T Hhimidzu considered that this is the only 
sulphide of selenium whose existence as a chemical individual has been established. 

A. Ditte said that during its formation there is an increase in vol., and an absorption 
of heat. The sp. gr. is 3*056 at O'", and 3*035 at 52^ making the coeif. of expansion 
between 0 ° and 52°, 0*00(J1476 ; the sp ht. is 0*1274. The monosulphide melts 
when heated, giving off first vapours of sulphur, and then a mixture of sulphur 
and selenium. It is insoluble in water and ether; and soluble in carbon disulpliide, 
from which soln. it cannot be obtained by crystallization; it gradually 
blackens in contact with absolute alcohol owing to its decomposition into its 
constituents ; and a soln, of potassium sulphide is coloured reddish-browm. 
According to R. \V. Nordlander, paper coated w’itli selenium sulphide is blackened 
on exposure to air containing traces of mercury vajiour. 

While J. J. Berzelius, and B. Hathke assumed that the precipitate obtained by 
the action of hydrogen selenide is a chemical individual, H. Rose, and E. Wohlwill 
regarded it as a mixture of the two elements. E. von Gerichten said that the lemon- 
yellow^ j)roduct first jirecipitated is a chemical compound, but it is unstable, and 
is soon reddened l)y the separation of selenium as a product of the decomposition. 

B. Rathke seemed to consider that owung to the similarity in the chemical mixtures 
of sulphur and selenium, their affinity for one another is weak, and that they can 
form an indefinitely large series of comjiounds—recalling the homologous hydro¬ 
carbons—w’ith fcSe^S as the low^r limit and 8^84 us the upper limit. He found that 
by the fractional crystallization of soln. of selenium sulphide in carbon disulphide, 
the first crop of crystals are rich iii selenium, and successive fractions gradually 
become richer in sulphur. This variation in composition is usually taken to indicate 
that only mixtures, not chemical individuals, are involved. The same conclusion has 
been drawm from the general action of various solvents. In spite of their variable 
composition, B. Rathke maintained that the crystals formed by fusing together 
selenium and sulphur and crystallizing the product from carbon disulpliide contain 
a definite sulj)hide of selenium, (i) Unlike free selenium, the product is not rendered 
insoluble in carbon disulphide by heating at U)0°. (ii) In spite of their very great 
difference in solubility, selenium and suljihur cannot be separated from the product 
by fractional crystallization, (iii) As shown by W. E. Ringer, the solubility of 
selenium associated wdth sulphur is several times as great as that of free selenium. 
E. Divers and T. Shimidzu stated that the copious volatilization of sulphur which 
occurs when the jirecipitation takes place in hot soln., and the fact that in precipitat¬ 
ing any true metal suljjhide from a hot soln., no such volatilization of sulphur occurs, 
even in the case of tellurium sulphide, is taken as proof that the nascent sulphur 
is uncombined with the selenium when precipitated along wdth it. The selenium 
monosulphide alone has been established as a chemical individual. A. Gutbier and 
J. Lohmann studied the action of hydrogen selenide on sulphurous acid, and of 
hydrogen sulphide on selenious acid, and foimd that the orange-red product prepared 
by the action of hydrogen sulphide on an aq. soln. of selenious acid in the absence 
of air and of light contained 58*1 per cent, of selenium and 41*8 per cent, of sulphur, 
whilst the product obtained under press, contained 17*63 per cent, of selenium and 
82*27 per cent, of sulphur, whereas SeS^ requires Se==55*23 and 8 = 44*77 per cent. 
At the ordinary temp., in the presence of air, a jiroduct is obtained which, when 
heated, becomes red and has the formula 8082 ; at higher temp., a product richer in 
selenium is obtained, and at lower temp., the product contains more sulphur than 
selenium. These results indicate that a compound is not formed. At the ordinary 
temp., hydrogen sulpliide acts as a reducing agent according to the equation; 
HgSeO;^ “i- 2 H 28 ““Se-f 82 "f 3 H 20 . At higher temp., the liberated sulphur is 
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oxidized to sulphur trioxide. From the mixture obtained by the action of hydrogen 
sulphide on selenious acid, the sulphur can be mechanically separated by extraction 
with a mixture of benzene and carbon disulphide. W. E. Ringer's observations, 
Fig. 64, lend no support to the hypothesis that selenium sulphides are formed when 
mixtures of the two elements are melted together. 
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§ 16. Sulphoselenides 

C. Messinger i i)rejmred sodium sulphodiselenide» Na2SSe2.5H.2O, as a mass of 
dark red scales, by boiling selenium with an aq. soln. of sodium liydrosulphide in a 
current of hydrogen, and adding alcohol to the soln. The hygrosco])ic salt rapidly 
decomposes in air, forming sodium sulphide and selenium. 

E. Keller treated an acidic or ammoniacal soln. of copper and selenium with 
hydrogen sulphide, washed the precipitate with cold water, and digested it with a 
cone. soln. of sodium hydrosulphide, etc., and obtained what ajqteared to be copper 
disulphoselenide, 2CuS.CuSe. The mineral agudarite, previously described, is 
possibly silver sulphoselenide, Ag 2 S.Ag 2 Se. H. W. D. Wood described the use of 
cadmium sulphoselenides as pigments in painting. The mineral onofrite, })reviousJy 
described, is regarded as mercury sulphoselenide, 4HgS.HgSe. 

A. Stock and E. Willfroth prepared carbon sulphoselenide, CSSe, by maintaitung 
an arc under carbon disulphide between a graphite cathode, and an anode made of 
graphite and selenium (17*5 :100). The reddish-brown soln. had black particles 
of selenium and graphite is suspension; and it contained non-volatile decom¬ 
position products of carbon disulphide, and carbon subsulphide, CsgSo, and carbon 
sulphoselenide. These two compounds were separated by fractional distillation 
in carbon disulphide vapour, and subsequently converting th^ carbon subsul])hide 
into a non-volatile complex by treatment with /8-naphthylamine. The sulpho- 
selenide was then separated by distillation. H. V. A, Briscoe and co-workers 
obtained some sulphoselenide by passing the vapour of carbon disulphide over 
ferrous selenide at 650®, and fractionating the product. 

Carbon sulphoselenide is a deep yellow liquid which is stable in air. The vapour 
is lachrymatory, and causes violent irritation of the nasal mucous membrane ; 
when diluted with air, it has a pungent, onion-like odour. The liquid is oily and 
moderately viscid, and it wets glass only partially. The analysis agrees with 
CSSe, and H. V. A, Briscoe and co-workers found that the vapour density corre- 
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«ponds with this formula, so also do oryoscopicobservations of the mol. wt. in benzene 
and in bromoform. A. Stock and E. Willfroth gave 1*979 for the sp. gr. at 207^^"; 
whilst H. V. A. Briscoe and co-workers obtained 1 *9874 at 207 '!° J ^ *9777 at 2^74^^ ; 
1*9678 at 3074 ''; and 1-9484 at 3’he surface tension varied from 39*70 

to 40*44 dynes per cm. at 20“, so that the mol. parachor My^jD is 156*4, which is 
taken to be in accord with the formula Se - ('^8. The coeff, of cubical expansion 
is 0*0(X)99G between 2( f and 40^^. The b.p. is 83-90 to 83*95^ at 749*2 mm. A. Stock 
and E. Willfroth gave 81" for the b.j).; —85^ for the m.p. ; 45 mm. for the vap. 
press, at 10" ; and p.-- ! *7379 for the index of refraction with D-light at 20'*. 

A. Stock and E. Willfroth said that the liquid is decomposed by light, and by 
heat, and wdien kept for a long time at room temp. The decomposition products 
do not contain any substance coiTesf)onding with the diselenide, CSco. 
H. V. A. Briscoe and co-workers’ product was probably of a higher degree of purity, 
since it was not decomposed if kept in the dark. Some decomposition occurred 
when the liquid was exposed to sunlight. 3’he liquid furnishes hydrogen sulphide 
and selenide when it is reduced by nascent hydrogen from zinc and hydrochloride 
acid. C-arbon sulphoselenide is non-intlamrnable, but when warmed, its vapour 
biirms with the intense blue flame characteristic of selenium compounds. The 
compound is immiscible with water. Carbon sulphoselenide reacts with chlorine 
at ordinary temj). to form thiocarbonyl and selenium tetrachlorides ; and with 
bromine to form thiocarbonyl and selenium tetrabromides. If the sulphoselenide 
be suspended in water and treated with bromine, a thick oil is obtained ; this 
solidifies, and when crystallized from benzene it furnishes carbon disulphoseleno- 
hexabromide, C 2 S 2 SeBr^, as a white solid with a smell recalling that of phosphorus. 
The solid distils under reduced press. If heated slowly, it melts sharply at 90", 
but if kept at 78" it slowly liquefies. This is taken to indicate that the substance 
exists ill two forms—one solid, one liquid. Carbon sulphoselenide dissolves sulphur 
very sparingly, but selenium is insoluble. At ordinary temi)., hydrogen sulphide, 
and hydrogen selenide have no action. When the sulphoselenide is in contact 
with aq. ammonia for several hours at 15", or for a few minutes at 80", a yellow solid 
is produced which is insoluble in all solvents tried, but it forms a blood-red soln, with 
boiling aq. ammonia. The soln. dej>osited an orange-red, gelatinous mass when it 
was acidified. (5irbon sulphoselenide is decomposed by heat. The action of 
gaseous ammonia on a soln, of the sulphoselenide in absolute alcohol is attended 
by a considerable rise of temp, and a blood-red soln. is formed from which a red 
amorphous precipitate is deposited. Carbon sulphoselenide reacts with })henyl- 
hydrazine in alcoholic soln. with the evolution of heat; and the soln. slowly deposits 
light greenish-yellow, tabular crystals which are probably (CeH 5 .NH.NH 2 ) 2 GSSe, 
analogous to the compound formed with carbon disulphide. Carbon sulphoselenide 
is freely soluble without decomposition in ethyl alcohol, bromoform, acetone, 
benzene, and other organic solvents. An alcoholic soln. of carbon sulphoselenide 
and aniline gives off hydrogen selenide and sulphide for 2 days, and deposits white 
crystals of (0cH5.NH)4CS8e. Attempts to prepare compounds analogous to the 
thiocarbonates by the interaction of carbon sulphoselenide with aq. soln. of sodium 
sulphide, or ammonium polysulphide, or sodium hydroxide gave blood-red soln., 
from which no crystalline product could be isolated, but a gelatinous precipitate was 
formed when the soln. was acidified. An alcoholic soln. of sodium ethoxide was 
found by A. Stock and E. Willfroth to furnish sodium moilOSeleiloxauthate» 
SeC(SNa)(OC 3 H{j), in deliquescent, yellow crystals. A soln. of this substance gives 
with the salts of the heavy metals products analogous to those produced with 
sodium xanthate. 

J. Meyer prepared phosphorus sulphoselenides, believed to be p 4 S 2 Se, and 
P 4 SSe, from the elements. Their m.p. are respectively 186" to 187", and 217"* 
Mixtures made up of phosphorus tetratriselenide, and tetratrisulphide were found 
to have the same m.p., so that it is thought that the supposed compounds may be 
only isomorphorus mixtures. 
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A. Uitte prepared potassium selenosulphostaunate, K.j;H.SnSe2.3H2, by Ijoiling a 
cone. 80I11. of potassium sulphide with tlic theoretical amount of selenium and a 
sliji^ht excess of tin, and evajumitin^ tin* sola, iii vacuo. It forms yellow octahedra, 
very soluble iii water, with formation of a rose or red soln., according to the degree 
of cone. Both the soln. and the crystals decofiipose when exposed to air, a black 
crystalline stdenium l>eing liberate/!. A. Ditto also obtained ammonium selouo- 
sulphostannato* (NH4)2S.dSnSe2.3H2D, by treating an excess of hydrated tin 
diselenide with a cone. soln. of ammonium hydrosulphide in the cold, filtering, and 
evaporatitig the red filtrate in a vacuum over potassium hydroxide and sulphuric 
acid. It forms yellowish-red plates, less stable than the preceding compound. The 
crystals are decomposed by water, with separation of red flakes of tin dis(d(3nide. 

E. von Geriehten prepared arsenic disulphoselenide, As2S2Se, by melting arsenic 
triselejiide and trisulphide in the correct j)ro[)ortions. It appears as a red, trans¬ 
parent, perfectly homogeneous mass, with a bright, deef) black fra(*tiire. It is 
soluble in the cold, if finely powdered, in ammonium hydrosulphide, imparting to 
the solo, a dark brow ji-red colour. If it be left to itself for a c()U])le of days all the 
selenium separates ; a soln. of ammonium carbonate dissolves it, with the exception 
of a little selenium. When the ammonium sulphide is decom]josed by an acid, a 
reddish-yellow precipitate is obtained with 23*10 per cent, instead of 21*91, which 
the formula given above recpiires. Similarly, arsenic sulphodiselenide, As2SSe2, 
was obtained as a non-transj)areiit, ap])arently perfectly crystalline mass, which 
distils unchanged, and dissolves in ammonium hydrosulphide with somewhat more 
ditiiculty than the jjrevdoiis compound, giving to the liquid a fine deep yellow 
colour, anu leaving a slight residue. On standing, the soln. gradually changes to 
red. When decomposed by acids it gives a brown-red })reci))itate with about 
li-Ol per cent. S, instead of 9*46 ; and is therefore esscjitially different from the 
])rcvious compound. According to E. Szarvasy, arsenic disnlphotriselenide, 
As2B2Se2, is formed when arsenic disulphide and sehmium are heated together in 
the recpiisite proportions in an atm. of nitrogen ; it is beKsi })urified l)y repeated 
distillation under low jiress., and then forms a black, highly glistening substance 
which, in thin plates, has a purple-red colour. In chemical pro})erties it resembles 
arsenic j)entaselenide ; it is soluble in alkali-lye, und is precipitated unaltered on the 
addition of an acid. Va{). densities taken at 550Mi00^ indicated that dissociation 
had taken })lace ; and arsenic tnsulphodiselemde» AS2B3SC2, is produced in an 
analogous way from arsenic trisulphide and selenium. It forms thin, ruby-red 
])Iates. T!i(' vaj). density at 7b0^ shows that dissociation occurs. E. voji (lerichten 
obtained antimony disulphoselenide, Sb2B2Be, in the wxd way by })reci[)itation with 
a soln. of selenium disulphide in potassium hydroxide. G. Hofacker obtained a 
reddish-brown jiowder of antimony trisulphodiselenide, Sb2B38e2, by treating with 
acid a soln. of sodium selenotrisuiphantimonate. The chemical individuality of 
these substanc^es has not been established for lead bismuth sulphoselenides, vidv 
svpraj lusmiith seleiiide. 

C. Messinger prepared SOdium sulphotriselenoarsenate, NagAsSSea/JH^O, 
together wuth selenotrisulphoarsenate w^hen arsenic tnsuli>hide is dissolved in a 
mixture of sodium sulphoselenide, and selenide: As2Se2 f Na2Be2S4 3Na.28 
~ ■Na2Se+Na3A883Se+Na3AsSe3S; the selenotrisulphoarsenate is dejiosited first 
when the soln. is slowly cooled. The sulpiiotriselenoarsenate furnishes red hygro¬ 
scopic prisms which are decomposed by acids with the evolution of hydrogen 
sulphide and selenide, and the ]precipitation of selenium and arsenic trisul])hide. 
W. Muthmann and A. Clever obtained jpossibly a mixed salt, NujjAsSj.5802.5.91120, 
from a soln. of 5 grms. sodium hydroxide, 7*5 grins, of water, sodium suljihide. and 
6 grms. of arsenic pentasulphide. They also obtained the corres]>onding potassium 
sulphoselenoarsenate» KsAsSi 5802 5.6H2O. C. Messinger reported sodium di- 
seleUOdisulphoarsenate»Na3AsS2Se2.9U26,to be form^^d by melting arsenic, sulj»hur, 
and selenium to form As2SSe4, and treating the product with a hot sole, of sodium 
liydrosulphide. Reddish-yellow, prismatic crystals separate on cooling. The 
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compoimd is decomposed by acids. Wben this compound is boiled with the 
calculated quantity of sodium hydrosulphide, brownish-yellow prisms with the 
composition Na^AsS^. 5861 - 5 .SILO, are formed; if arsenic disulphoselenide be 
similarly treated with sodium hydrosulphide, sodium trisulphoselenoarsenate, 
Na. 3 A 88 .|S«». 8 H 20 , crystallizes at — 7 ° in brownish-yellow prisms. The crystals 
are stable in dry air, and are decomposed by moist air and by acids. He also 
made Na.{As 83 . 58 eo. 5 . 8 HoO. 

G. Hofacker obtained sodium trisulphoseleuoimtimonate, Na 3 SbS 38 e. 9 H 20 , by 
adding alcohol to a soln. of a gram-atom of selenium in a mol of sodium sulpho- 
antiinonate. It is isomor])hous with the corresponding seleno- and sulpho-salts. 
The yellow salt becomes brown in air; it loses all its wrater but no selenium, at 
100^^; acids precipitate antimony trisulphodiselenide. I. Pouget obtained some 
mixed salts, Na 38 b 8 i. 6 Sei. 5 . 91 LO; and Na^SbSj . 5 Se 2 . 5 . 9 HoO, from soln. of antimony 
and selenium in sodium selenide; and likewise potSASium SulpboS6l6I108Iltimonit69 
KioSb 4 S 58 e 6 . 4 H 20 , from a soln. of antimony, and selenium in potassium sulphide. 

J. Meyer prepared phosphorus disulphoselenide, P 482 Se, by melting together 
the corresponding proportions of the constituent elements. It melts at 190°--200° ; 
and closely resembles the selenide P 48 e 3 . It may not be a true compound. 
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§ 17. Oxysulphoselenium Compounds 

6 . Magnus ^ observed that selenium rapidly dissolves in warm fuming sulphuric 
acid; but, added N. W. B’ischer, no compound with sulphur trioxide is formed. 
G, Magnus said that selenium is precipitated as a red powder when water is added 
to the green soln., and only about one-fiftieth part of the selenium remains in soln., 
and it is precipitated by hydrogen sulphide. If the green soln. is warmed, selenium 
and sulphur dioxides are formed; and water precipitates only a little selenium 
from the soln. decolorized by boiling. G. Magnus explained these facts by assiming 
that selenium dissolves in the sulphuric acid without alteration, while N. W. Fischer 
said that the selenium is present in an oxidized state because sulphur dioxide is 
formed in the process of soln., and on adding water, the sulphurous and selenious 
acids react to form selenium and sulphuric acid. According to L. Gmelin, sulphuric 
acid containing the anhydrous acid dissolves selenium at ordinary temp., while 
ordinary sulphuric acid dissolves it when boiled for some time—the former gives a 
soln. precipitable by water and yields a filtrate which becomes faintly turbid when 
treated with hydrogen sulphide; while the latter gives a filtrate rich in selenious 
acid. Both soln. are dark green, and turn yellow when boiled, and then suddenly 
becomes colourless. The colourless soln. no longer gives a precipitate with water, 
since it contains selenious acid, but it yields an orange-yellow precipitate with 
hydrogen sulphide. R. Weber, and A. Hilger also studied the action of sulphuric 
acid on selenium. According to R. Auerbach, cryoscopic measurements show that 
metalloidal selenium dissolves in pyrosulphuric acid as 802 , and that at 130°, the 
element becomes metallic when it is present in single atoms. At the same time the 
colour changes from green to yellow. By adding water to the soln. of 802 in 
pyrosulphuric acid, at 20 °, the colour changes from green through yellow and red 
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to violet, a.s the size of the particles increase, the metalloid is then precipitated; 
above 130*^, the colour change is from yellow, through red, to blue, and the metallic 
form is precipitated. If the yellow, metallic soln. is coagulated at ordinary temp., 
Sejj-mols are iirst reformed, and the colour changes in the regular way until the 
metalloid is |)rei*ipitated. 

A. V. Scimltz-Sellack found that when the dark green soln. of selenium in cone, 
sulphuric acid is heated in a sealed tube, it acquire.s the same pale yellow colour 
characteristic of a soln. of selenium in carbon disulphide examined in a thick layer. 
The selenium is not oxidized at a low temp. When the vapour of sulphur trioxide 
is passed <»ver selenium at ordinary temp, it forms a itiush which slowly yields a 
yellow p(>wder of selenium sulphotrioxide, ; the reaction is faster at a higher 

temp,, and Considerable amounts of seleniur 7 i and sulpliur dioxide are formed. 
Selenium sulphotrioxido was jirepared by R. Weber. When ])t»vvtlered selenium is 
mixed with sulphur trioxide, the temp, rises, and a dark green liquid is formed. 
The green jiijuid crystallizes in about ten minutes, and it does not again Ihpiefy 
when warm(*(i If the teirip. of the reaction be only a little sulphur dioxide 

is evmlved, die excess of trioxide remains unchanged, and it can be separated from 
the dark grtam dro])s of the sulphotrioxide. E. Divers and M. Shimose obtained 
u green, unstable liquid, })ro])ab]y selenium sul])hotrioxide, by the action of sul])hur 
trioxide on selenium dichloride. F. W. 0. do Coninek observed that a little of the 
sulphoxido is formed by the reversible action of sulphuric acid on red amorphous 
selenium: Se+H 2 S()iT- 8 eS 03 4 -H 20 , The compound was only prepared by 
W. Prandtl and P. Borinsky. S. Littmann noticed that the sulphotrioxide is 
formed during the cone, of seleniferous sulphuric acid. R. Weber emphasized the 
analogy between sul{)hur sesquioxide, S 2 O 3 , and selenium sulphotrioxide, (SeSlOy. 
K. Divers and T. Shimidzu regarded selenium sulphotrioxide as a selenium sulphite^ 
SeiSOg), constituted: 


so.^' 


'SO, 


because (i) the hydrolysis with water resolves it partly into sulphurous acid and 
partly into what is equivalent to a base : 802 ( 803)2 p 2 H 20 =( 8 ed-Se 0 .>)+ 2 H 2 S 03 , 
and partly like silver sulphite into metal and sulphuric acid : Se 2 { 803 ) 2 + 2 H 20 
= 2 Se+ 2 H 2 S 04 ; hence, the sulphotrioxide stands in the same relation to the 
sulphites of strong metals as the corresponding chlorides do to the metal chlorides, 
(ii) They are not only formed by the direct union of their cpiasi-metal with sulphur 
trioxide, but they can be partially decomposed in vacuo into these components: 
802 ( 803 ) 2 = 2 Se+(S 03)2 ; (iii) it dissolves in fuming sulphuric acid without decom¬ 
position, and when thus dissolved, it is decomposed like a sulphite by hydro¬ 
chloric acid: Se 2 (S 03 ) 2 + 2 HCl=-'H 2 S 03 +Cl 28 e 2 (S 03 )—vide supra—and this reacts 
with hydrochloric acid, € 12862 ( 803 )-|-HCl~ 80204 +H(US 03 , as in the case of 
the corresponding chlorosulphite of mercury: Cl 2 Hg 2 ( 803 )-fD( 0 H)=Hg 2 Cl 2 
+(H 0 )HS 03 . R. Auerbach said that selenium dissolves in pyrosulphuric acid as 
Se-mols. W, Prandtl and P. Borinsky represented it, as in the case of sulphur 
sesquioxide (q.v.): 


O 

O 


5^8 < 


O 

Se 


Seletiium sulphotrioxide was described by R. Weber as a dark green liquid 
which freezes to a dirty green mass consisting of microscopic, prismatic crystals. 
These crystals form a yellow powder, E. Divers and M. Shimose obtained what 
they regarded as a yellow, amorphous modification, by heating tlie sulphoxide 
in vacuo slowly and maintaining a moderate temj). for a long time. With more 
rapid heating, reddening occurs before the yellowing stage is c omplete^l, and the 
mass contains a much greater proportion of selenium than when the heat is 
better graduated. According to R. Webqj, selenium sulphotrioxide is more 
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stable than sulphur sesquioxide. The sulphotrioxide is not decomposed 
by gentle heat; and after it has been solidified, it cannot be melted without 
decomposition into sulphur, and the dioxides of sulphur and selenium. 
A. C. Schultz-Sellack said that when gently heated, it decomposes into selenium 
and sulphur trioxide. E. Divers and M. Shimose found that the sulpho- 
trioxide very slowly becomes dissolved at ordinary temp, owing to decom¬ 
position ; but it may be heated to 35® for some time without appreciable alteration. 
Decomposition begins to show itself at 40® by a change of the green colour to brown, 
and by the escape of sulphur dioxide, although this is exceedingly slow, even when 
90® is reached. At 120® and upwards, however, sulphur dioxide is steadily evolved, 
the colour gradually changes to bright yellow, and the vol. slightly shrinks. On 
continuing the heating the colour changes to orange, and then reddens and darkens 
until it becomes identical with that of selenium. Selenium, in fact, is here formed 
together with its ordinary oxide. As indicated above, a prolonged heating in 
vacuo changes it into a yellow, amorphous modification. R. Weber said that the 
sulphotrioxide is decomposed by water, forming sulphuric acid, sulphur dioxide, 
selenium dioxide, and selenium. E. Divers and M. Shimose said that the yellow 
suJphotrioxide hisses when thrown into water, just like the green sulphoxide, and 
the tellurium sulphoxide, and it is therefore a sulphuric oxide compound ; it bears 
a heat of 120®, and therefore its sulphur trioxide is in combination ; it does not 
contain any green sulphoxide, by which the properties might be explained ; and 
its yellow colour cannot be regarded as due to free selenium. The reactions with 
water are indicated above. A sulphuric acid soJn. of selenium sulphotrioxide 
behaves like a sulphite when treated with hydrochloric acid, decomposing in two 
phases as indicated above. R. Weber found that selenium sulphotrioxide, like 
sulphur sesquioxide, is insoluble in sulphur trioxide, and it is dissolved by warm 
hydrated sulphur trioxide, forming an intense green soln., and if enough sul])hur 
trioxide be present to solidify on cooling, the crystals of the sulphur trioxide are 
coloured green by the selenium sulphotrioxide; E. Divers and M. Shimose added 
that the sulphotrioxide can be oxidized by sulphur trioxide: SeSOs+SOs 
—Se02+2S02. R. Weber found that fuming sulphuric acid forms a green soln. 
with the sulphotrioxide, and the soln. behaves as if it were a soln. of selenium in 
fuming sulphuric acid ; the green-coloured soln. can be kept without change, but 
when treated with water, most of the selenium separates out, and the soln. is 
decolorized by heat, forming sulphur and selenium dioxides. The sulphotrioxide 
dissolves in sulphuric acid, H2SO4, forming a green soln.; in 88 per cent. H2SO4, 
a brown soln.; and in 83 per cent. H2SO4, it forms a soln., which begins to decompose 
with the separation of selenium. R. Weber found that there is a vigorous reaction 
with ammonia, forming a brownish-red substance. 

R. Weber 2 found that dry selenium dioxide readily unites with sulphur trioxide 
when the mixture is warmed in a sealed tube, forming the complex Se02.S03, a 
kind of selenium analogue of SoOg-Hselenium Sulphopentoxid6» SeSOs, selenyl 
sulphate, (Se0)S04. R. Metzner found that, at 50®, selenium dioxide dissolves 
copiously in sulphuric acid, sat. with sulphur trioxide ; if, before saturation with 
selenium dioxide, the liquid is cooled, in a dry atm., crystals of the sulphopentoxide 
8ej)arate out; and these can be dried by press, between porous tiles. The compound 
readily fuses ; and the liquid freezes to a crystalline mass ; and R. Metzner added 
that with slow cooling, fine, acicular, deliquescent crystals are produced. These 
do not fume in air. The heat of formation is 4*3 Cals. 

It might be anticipated that just as pyrosulphuric acid, H282O7, or H2S04,S03, 
is formed by the union of sulphur trioxide and sulphuric acid, so sdenatl^l^iuio 
acid» H2SSe07, would be formed by the union of sulphuric acid with selenium 
trioxide, H2S04.S€03, or of selenic acid with sulphur trioxide, H2Se0.S03. J. Meyer 
and V. Stateezny 2 found that sulphur trioxide is freely absorbed by selenic acid 
with the evolution of much heat. The f.p. curve of the mixture is shown in Pig. 66. 
Selenatosulphuric acid, H2SeS07, is^a colourless, fuming liquid which forms a solid 
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sulphite has no solvent action. F. Forster and co-workers o})served the i)ossible 
formation of this salt in the decomposition of sulphurous acid (q.v.) in the presence 
of selenium or selenious acid. B. Rathke found that the selenothiosulphates are 
isomorphous with the thiosulphates. The })otassium salt turns brown when 
heated, forming a polysulphide; it is partially decomposed by water, with the 
separation of selenium, and the ultimate formation of selenatothiosulphate. The 
soln. is decomposed by iodine with the ultimate oxidation of the precipitated 
selenium ; acids precipitate all the selenium ; sulphur dioxide behaves similarly ; 
a neutral soln. of silver nitrate precipitates part of the selenium, while an 
ammoniacal soln. reacts: K 2 SSe 034 AggO^^AggSe-f K 2 SO 4 ; a soln. of barium 
chloride, or baryta-w^ater, precipitates selenium and barium sulphite; similarly also 
with calcium and manganous salts; neutral cadmium salts precipitate cadmium 
SCleuatothiosulphfite/and when the soln. is boiled, selenium sclcriide and sulphuric 
acid are formed ; mercuric cyanide reacts, KgSSeOs-f HgCy 2 +H 20 ^HgSeH-K 2 S 04 
+2HCy; ferric chloride precipitates selenium and ferric oxide. Confer F. Forster, 
polythionic acids. 

C. A. Cameron and J. Macallan observed no sign of the formation of seleno- 
dUhim.'k acid, H 2 Se 206 , when selenium ^dioxide is dissolved in selenic acid; but 
F. Forster and co-workers observed its possible formation in the decomposition of 
sulphurous acid {q.v.) in the presence of selenium or selenious acid. 

According to H. 0. Schulze,^ when selenious and sulphurous acids react in aq. 
soln., selenium is precipitated w4en the molar proportion, H 2 SO 3 ; H 2 Se 03=^2 : 1 ; 
if the proportion deviates from the 2 : l-ratio a mixture of mouo&denotetiathiomc 
add» HgSeSgOe, and of diselenotrithionic acid, H^SeaSOe, is formed—the former if 
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tlie siilphurous acid is in excess : 3802 + 2 H 20 +Se 02 =H 2 S 04 +H 282 Se 05 ; and 
the latter, if the selenious acid is in excess; 2 S 02 + 2 Se 02 + 2 H 20 =H 2 S 04 
+H 2 SSe 2 O 0 . The mixture with the excess of sulphurous acid can be boiled without 
change, but with selenious acid in excess, selenium separates; both acids are 
decomposed by hydrochloric acid with the separation of selenium; and hence 
H. Rose emphasized the need for the presence of an excess of this acid when pre¬ 
cipitating selenium by sulphuric acid. E. Divers and T. Shimidzu said that a 
selenothionic acid is formed when hydrogen selenide in excess is passed into sul¬ 
phurous acid. The free acids are known only in soln. G. T. Morgan and 
H. D. K. Drew showed that selenium acetylacetone reacts quantitatively with 
sodium or potassium hydrosulphite, producing the corresponding alkali monoseleno- 
trithionate ; (C 5 H 0 O 2 ; Se) 2 + 4 NaH 803 ~- 2 C 5 Hg 02 + 2 Se(NaS 08 ) 2 . G. T. Morgan 
and co-workers found that with sulphurous acid, monoselenotrithionic acid is 
formed; (C 5 He 02 : Se) 2 + 4 H 2 S 03 — 2 C 5 H 802 + 28 e(HS 03 ) 2 . The acid could not be 
obtained in cone. soln. because, when its aq. soln. is evaporated at the ordinary 
temp, under reduced press., red selenium separates when a cone, of approximately 
50 per cent, (or SN-) is reached. At higher cone., the aq. soln. deposits selenium 
and evolves sulphur dioxide, even at 0 "^. On treatment with aq. thallous hydroxide, 
selenodithionic acid yields thallous selenide and sulphuric acid: Se(S 03 H) 2 + 2 Tl 0 H 
==:Tl 2 Se+ 2 H 2 S 04 . 

H. 0. Schulze observed that the aq. soln. of the free monoselenotrithionic acid 
is stable in darkness, but it is slowly decomposed in light with the precipitation of 
selenium, and the evolution of sulphur dioxide. When evaporated on the water- 
bath, a crust of iron-grey selenium forms. A small proportion of selenium does not 
change the soln,, but with a large proportion, or with the application of heat, 
selenium and sulphur dioxide are formed; £[ 286820 Q=--H 2 S 04 +S 02 + 8 e ; sul¬ 
phuric acid decomposes the acid only when hot, or when cone. soln. are used ; the 
acid cannot be neutralized by potassium hydroxide, ammonia, or baryta-water 
without decomposition ; and barium chloride precipitates barium sulphate by the 
decomposition of the acid: BaS 2 SeO 0 -=BaSO 4 +SO 2 +Se. The mode of formation, 
the reactions of the acid, and the analysis of the barium salt are in agreement with 
the formula assigned to this acid. B. Rathke said that the free 'xid behaves like 
trithionic acid excepting that a mixture of selenium and sulphur is precipitated 
instead of sulphur alone. G. T, Morgan and J. D. M. Smith found that the mono- 
selenotrithionates give a red precipitate on boiling with hydrogen dioxide ; they 
do not react with even boiling soln. of 4 A-H 2 SO 4 , or more diJ. acid ; red selenium 
separates when boiled with 2iV’-HCl, or 2 iV-HN 03 I hydrogen sulphide gives a 
yellow precipitate which becomes orange-red on boiling; sodium hyposulphite 
gives a precipitate of red selenium in the cold; silver nitrate gives a brownish- 
black precipitate; mercurous nitrate, a greenish-black precipitate; mercuric 
chloride, a yellow precipitate, becoming orange, then buff, and then black on 
boiling ; stannous chloride, slowly milky, then a pale yellow precipitate is formed, 
becoming orange-yellow and then orange-red on boiling; and potassium per¬ 
manganate witti 2 iV'-H 2 S 04 is first decolorized, it then turns yellow, then green, 
and finally forms a bronze-green precipitate. 

According to H. 0. Scht^e, ammonium monoselanotrithionate, (NH 4 ) 282 Se 06 > 
is known only in aq. soln., and it is formed by neutralizing a soln. of the acid with 
ammonia. G. T Morgan and J. D, M. Smith obtained it by double decomposition 
with selenium acetylacetone and ammonium hydrosulphite. It is somewhat 
unstable, and separated as a mass of colourless needles, which rapidly reddened on 
exposure to air. If a soln. of the salt be reprecipitated with alcohol-ether, the 
colourless needles soon acquired a fawn colour. G. T. Morgan and J. D. M. Smith 
prepared lithium sel6notnthionat6» Se(LiS 03 ) 2 . 3 H 20 , by shaking a mixture of 
7 grms. of finely divided selenium acetylacetone and 5 grms. of dihydrated lithium 
sulphite with 45 c.c. of 2 A^-H 2 S 03 for an hour; extracting with ether to remove 
acetylacetone; precipitating unchanged lithium sulphite by adding absolute 
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alcohol; and concentrating the filtrate under reduced press. The red selenium 
simultaneously precipitated is removed by filtration through a layer of French 
chalk, and the liquid evaporated over sulphuric acid in vacuo. The colourless, 
hexagonal plates rapidly deliquesce in air; and then decompose with the separation 
of selenium. The salt is very soluble in water. A mixture of 7 grms. of selenium 
acetylacetone, 9 grms. of sodium hydro8ulp>'ite, and 30 c.c. of water furnishes 
colourless crystals of sodium selenotnthionate» Na8eS20ft.4H20, which can be 
purified by dissolving in cold water, and precipitating from the filtered soln. by the 
addition of alcohol. The colourless, prismatic needles are freely soluble in cold 
water, and readily form supersaturated soln. The salt readily effloresces in a dry 
atm., forming the anhydrous salt. The same salt was made by G. T. Morgan 
and H. D. K. Drew. 

According to B. Rathke, potassium monoselenotritbionate, K 2 S 2 SeOo, is formed, 
along with some potassium selenothiosulphate and thiosulphate, when selenium 
is dissolved in an aq. soln. of potassium sulphite; when a soln. of potassium 
selenothiosulphate and hydrosulphate is evaporated; by dissolving selenium in a 
soln. of potassium sulphite mixed with a little hydrosulphite, or in hydrosulphite 
alone at 60°-70° ; and by adding selenious acid to a soln. of potassium selenothio¬ 
sulphate mixed with an excess of potassium sulphite—-the warm liquid deposits 
needle-like crystals of the salt on cooling, and when they are washed with cold 
water, the salt is obtained in a fair degree of purity. B. Rathke represented the 
reaction : 2 K 2 SeS 03 -=K 2 SeS 20 e+K 2 Se ; and 2K2Se+3Se02=^2K2Se0s+3Se ; 
and H. Schulze: 3 S 02 +Se 02 + 2 H 20 =H 2 S 04 +Il 282 Se 0 e. 0. Heuer prepared 

the salt by the action of selenious acid on potassium sulphite, 3 K 2 S 034 Se 02 
-KgSeSgOo f K 2 SO 4 +K 2 O, and 3K2S03+2Se02-=K2Se8206-f K 2 SO 44 K^SeOg. 
When selenious acid acts on potassium thiosulphate, both potassium trithionate 
and selenotrithionate are formed: Se 02 -|~ 4 K 2 S 203 —K 2 S 4 O 0 +K^ 2 ^^S 4 O 64 * 2 K 2 O ; 
followed by K 2 SeS 406 -f 6K0H--3K2S203+2K2S08+2Se+3H20; and K 2 S 4 O 6 
-f-KgSOa^KgSaOe+KgSeOa, as well as : 3 K 2 S 03 +Se 02 +H 20 -K 2 SeS 206 +K 2 S 04 
-f 2 KOH. It is not possible to obtain this salt by neutralizing the free acid with 
bases since on evaporation the salt is all decomposed; but 6 . T. Morgan and co¬ 
workers obtained it by neutralizing a 2iV-so]n. of monoselenoirithionic acid with a 
soln. of the alkali hydroxide, and precipitating with alcohol; and also from 
selenium acetylacetone and potassium hydrosulphite, as indicated above. The 
precipitate is extracted with ether to remove acetylacetone, and the aq. layer 
mixed with alcohol to complete the deposition of the selenotrithionate. G. T. Morgan 
and H. D. K, Drew said that the potassium salt, Se(KS 08 ) 2 , appeared in colourless, 
lustrous scales or plates when rapidly crystallized from aq, soln., and in long, 
transparent, silky needles when slowly formed. It is the least soluble of all the 
alkali monoselenotrithionates. 0. Heuer found that when the dry salt is heated 
decomposition sets in at about 115^, forming selenium, sulphur dioxide, and sulphate: 
K 2 SeS 20 e™ 8 e+S 02 +K 2 S 04 . The clear aq. soln. of potassium selenotrithionate 
was found by B. Rathke to decompose on standing partly to selenium and 
potassium dithionate, and partly to selenium potassium sulphate, and sulphurous 
acid, the latter is favoured by boiling the soln,, or by evaporating it over cone, 
sulphuric acid. 0. Heuer represented the reaction : K 2 SeS 20 c~K 2 S 04 -fS 02 +Se. 
With a soln, of the barium salt, B. Rathke observed that barium sulphate is pre¬ 
cipitated ; and on evaporation over a water-bath, the salt decomposes: BaSg^Og 
—BaSO^+SOg+Se. A soln. of the potassium salt gives no precipitate when 
treated in the cold with acids, but boiling soln. give a precipitate of selenium and 
sulphur. These reactions agree with those observed by H. 0. Schulze with the free 
acid. Sulphur dioxide has no perceptible action; and barium chloride gives no 
precipitate; whilst the reactions with hydrochloric acid, potassium hydroxide, 
and baryta-water resemble those of the free acid. A soln. of the barium salt with 
bromine-water gives a precipitate of barium sulphate. 0. Heuer observed that 
in the presence of iodine, potassium selenotrithionate decomposes: KgSeSgO^j 
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+ 2 H 2 O f l2---K2S04+H2S04+Se+2HI ; and with hydrogen sulphide, it reacts : 
K 2 SeS 20 e-f 3 H 2 S^-K 2 S 203 +Se+ 3 S 4 - 3 H 20 . The reaction with copper sul¬ 
phate is represented by: K 2 SeS 20 e+CuS 04 -f- 2 H 20 -=CuSe 4 -K 2 ®^ 4 + 2 H 2 S 04 . 
H. 0. Schulze found that an ammoniacal soln. of a silver salt reacts: K 282 Se 0 e 
~f Ag 20 + 2 NH 3 +H 20 -:-K 2 S 04 +Ag 2 Se+(NH 4 ) 2 S 04 , and similarly with the barium 
salt— vide supra for some general reactions. According to 0. Heuer, potassium 
selenotrithionate behaves towards metal salts as if a selenothiosulphate were first 
formed, and then decomposed either (a) into selenide and sulphate, or ( 6 ) into 
selenium, sulphur dioxide, and sulphate. The action of copper, silver, and mercuric 
salts illustrates the first action. In the case of mercuric chloride the reaction is 
represented: 2 iC 28 eS 20 e+ 3 HgCl 24 - 4 H 20 “=Hg 3 Se 2 Cl 2 + 4 :H 2 S 04 + 4 KCl, and this 
is supposed to be the resultant of K 2 SeS 20 e+HgCl 2 ™HgSe 820 e-f’ 2 KCl, followed 
by HgSeS 206 + 2 H 20 -HgSe+ 2 H 2 S 04 , and by 2 HgSe+HgCl 2 -Hg 3 Se 2 Cl 2 . In 
the case of cadmium sulphate, lead acetate, and ferrous chloride the reactions 
are symbolized : RSe 8034 -H 2 S 04 =H 2 S 034 -Se+RS 04 . Confer E. Forster, poly¬ 
thionic acids. 

G. T. Morgan and J. D. M. Smith prepared rubidium selenotrithionate, 
Se(S 03 Rb} 2 , by shaking, as in the case of the sodium salt, a mixture of 1*8 grms. 
of selenium acetylacetone, 3*() grms. of rubidium hydrosulphite, and 10 c.c. of water. 
The small, colourless crystals are dissolved in cold water and precipitated by 
alcohol. The well-defined, colourless prisms are more soluble in water than the 
potassium salt, and less soluble than the sodium and cfpsium salts. Similarly, 
caesium selenotrithionate, Se(S 03 Cs) 2 , can bo prepared. It crystallizes from hot, 
dil. alcohol in colourless needles, and from water, in transparent, tabular prisms. 

H. 0. Schulze observed that if the acid be neutralized with freshly precipitated, 
well-washed barium carbonate, a mixture of barium sulphate and carbonate 
coloured by selenium is precipitated, and the pale yellow, neutral filtrate is a soln. 
of barium mouoselenotnthionate, Ra 8 eS 20 e, free from other salts. G. T. Moigan 
and J. I). M. Smith obtained the dihydrale, BaSe(S() 3 ) 2 . 2 H 20 , from 9 grms. of 
barium sulphate, 7 grms. of selenium acetylacetone, and 20 c.c. of 3 - 3 iV'-H 2 S 03 . 
The heavy, colourless, crystalline mass can be purified by dissolving in water and 
precipitating with alcohol. The colourless needles redden on exposure to air. 
The corresponding calcium selenotrithionate is so soluble in water and alcohol that 
it was not precipitated by ether from these soln. For mercuric selenotrithionate, 
HgSeS 20 (j, vide supra. 

H. O. Schulze obtained an aq. soln. of diselenotrithiouic add, H 2 Se 2 S 06 , as 
indicated above ; and it is rather less stable than is the case with monoselenotri- 
thionic acid, l^he aq, soln, of the acid is decomposed by boiling or by exposure 
to light; and to a far less degree when kept in the dark. As in the case of mono- 
selenotrithionic acid, the diselenotrithiouic acid is decomposed by acids and 
alkalies, but it can be neutralized by barium carbonate without any marked 
decomposition. The preparation of the barium salt is more difficult than is the 
case with the monoselenotrithionic acid because the excess of selenious acid is not 
completely abstracted by barium <‘arbonate. The soln. of the barium salt slowly 
decomposes in darkness, and when boiled or evaporated deposits selenium and 
barium sulphate; it is also decomposed by hydrochloric acid ; an ammoniacal 
soln. of a silver salt gives a black precipitate of barium sulphate and silver selenide, 
and the filtrate gives a precipitate—probably of barium selenate—when treated 
with barium chloride. 

J. F. Norris and H. Fay ® showed that the reaction between selenium dioxide 
and sodium thiosulphate probably occurs: Se 02 + 4 Na 2 S 203 =:= 2 Na 2 S 40 e-f Se 

-f- 2 Na 20 , in cone, soln., selenium is ])recipitated, and the soln. becomes alkaline; 
but in dil. soln., no selenium is precipitated, and the reaction is not complete 
according to this equation owing to the sodium hydroxide formed neutralizing 
part of the selenious acid which does not therefore enter into reaction. In the 
presence of hydrochloric acid, the reaction which occurs is Se 02 + 4 Na 2 S 203 +^HCl 
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-™Nu2S48eOg-[ Na2S406 + 4NaCl+2H20. No selenium is ])re<‘ipitated, but sodium 
monoselenopentathionate, Na2S4Se06, is formed which, although it cannot be 
isolated, gives the characteristic tests for pentathionates, with the diherence that 
selenium, not sulphur, is precipitated ; a dil. soln. of the salt can be boiled without 
change, but stannous chloride precipitates selenium in a few minut(*s; sodium 
thiosulphate effects the same result, but more slowly. The sodium tetrathionate, 
formed according to the equation, was isolated and identified. No other salt has 
been prepared. 0 . Heuer’s theory of the reaction between solenious acid and 
potassium thiosulphate is indicated above. He showed that potassium tetra- 
thionate and selenopentathionate are formed, and that with the aid of alcohol 
in the cold it is possible to isolate these two salts; and the reaction 
can be expressed: 3Se02-f-4K2S203™K«>S4064-K28e840e-}‘2K2Se03; followed 
by 2 K 28 eS 40 e+ 6 K 0 H- 3 K 2 S 2 () 3 + 2 K 2803 + 2 Se-f 3H2O ; by K2S4O6+K28O3 
=K28306+H28203 ; and by K2830ed-Se--=K283Se06. Potassium tetrathionate as 
well as potassium selenotetrathionate, K2Se8306, is precipitated when a cone, 
soln. of selenious acid is mixed with a cone, soln. of potassium thiosulphate. 
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§ 18. Selenatosulphates and Sulphatoselenates 

E. von Gerichten^ prepared a series of selenatosulphates, and a series of sulphato¬ 
selenates, but there is little to distinguish one from the other; and no proof has been 
given that both series are not solid soln. or isomorphous mixed crystals. The salts 
are isomorphous with the corresponding selenates and sulphates. By mixing cone, 
soln. of potassium selenate and copper sulphate, potassium copper selenatosulphate, 
K2SeO4.CuSO4.6H2O, is formed ; if the soln. of copper sulphate is acidified, part of 
the potassium selenate may be replaced by the sulphate. Similarly, potassium 
copper sulphatoselenate, K2SO4.CuSeO4.6H2O, was formed in light blue, mono- 
clinic crystals. The potassium sulphate may be in part replaced by selenate. 
Similarly with potassium magnesium selenatosulphate, K2SeO4.MgSO4.6H2O, and 
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potaasiom magnesiiun sulphatoseleiiate, K2SO4.MgSeO4.6H2O ; with potasaiam 
sine adenatoaolpliate, K2SeO4.ZnSO4.6H2O, and potaasiiim zinc aulphatoaelenate, 
K2SO4.ZnSeO4.6H2O ; with potaasiam ciUinuum sdenatoaolphate, K2Se04.CdS04. 
6H2O, and potasaiam eadmiam sulphatoselenate, K2SO4.CdSeO4.6H2O; with 
potaasiam manganese selenatosalphate, K2SeO4.MnSO4.6H2O, and potasaiam 
manganese aalphatoselenate, X2SO4.MnSeO4.6H2O; with “potassiom fenoas 
selenatosalphate, K2SeO4.FeSO4.6H2O, and potaasiam (erroos solphatosdenate, 
K2SO4.FeSeO4.6H2O ; with potassiom cobaltoos selenatosalphate, K2Se04.CoS04. 
6H2O, and pota^am cobaltoos sulphatoselenate, K2SO4.CoSeO4.6H2O ; and 
with potassiom nickel selenatosalphate, K2SeO4.NiSO4.6H2O, and potaimam 
nickel salphatoselenate, K2SO4.NiSeO4.6H2O. 

E. von Gerichten prepared potassium alaminiatn selenatosalphate, K2Se04. 
■^2(804)3.241120, in octahedral crystals from a soln. of the component salts; and 
likewise also with potassium aluminium salphatoselenate, K2SO4. Al2(8e04)3.24H20. 
0. Pettersson found that with a soln. of equimolar parts of potash selenium alum, 
and potash-alum, crystals containing respectively 31'33 and 23-32 per cent, of SO3 
were obtained ; and with soln. containing 3 mols of potash selenium alum, and one 
mol of potash-alum, crystals containing respectively 13 - 48 , 11 - 42 , and 9-49 per 
cent, of SO3 were obtained. The corresponding sp. gr. are .- 

SO, . . 31-33 23-82 13-48 11-42 9-49 per cent. 

Sp.gr. . 1-77(16-0“) 1-826(14-2°) 1-900(16°) 1-910(17-6°) 1-921(138°) 

This shows that the magnitude of the mol. vol. rises and falls with the greater 
or less proportion of selenic acid in the compound. E. von Gerichten similarly 
prepared potsssiom chromium selenatosalphate, K2Se04.Cr.{(S04)3.24H20, and 
potassiom chxomiom salphatoselenate, K2S04.Cr2(Se04)3.24H20; potassiom 
manganic sdenatosolphate, K2Se04.Mn2(S04)*3.24H20, and potassium manganic 
salphatoselenate, K2S04.Mn2(Se04)3.24H20 ; and potassium ferric selenato¬ 
salphate, K2S04.Fe2(804)3.24H20, and potassium ferric salphatoselenate, K2SO4. 

Fe2(Se04)3.24Ho0. 

J. Meyer and K. Grohler prepared cobaltic aquoselenatotetramminosalphate, 
[Co(NH3)4(H20)^Se04)]2S04.4H20; and cobaltic aquosulphatotetiamminoselenate, 

[Co(NH3)4(H20)(S04)j2Se04.4H20. J. Meyer and co-workers also prepared cobaltic 

/i>«mido^phatoctamminohydi^lenate, 


[^(NH3)4Co <1^^ >(k)(NH3)4 jse04(HSe()4) 

and cobaltic /x-amidoselenatotetramminohydrosalphate 

|^(NHs)4Co<®°®4>Co(NH3)4]s04(HS04) 

K, Hradecky ^ prepared ammonium palladous sulphatoselenate— vide supra. 
palladous selenate. 

Revkbenoes. 


^ E. von Gerichten, Liebig's Ann., 168 , 225, 1873 ; O. Pettersson, Ber., 9 . 1676, 1876 ; 
J. Meyer and K. Grohler, Zei(. anorg. Chem., 166 . 91, 1926 ; J. Meyer, G. Dirska, and F. Clemens, 
ib., 189 . 333, 1924. 

* K. Hradecky, Monatsh., 86. 289, 1916. 


§ 19 . Selenophosphites and EMenophosphates 

The selenium phosphides have been discussed in connection with the phosphorus 
selenides. Selenium can take the place of sulphur in the thiophosphates, forming 
a series of seknophosphates, O. Hahn^ prepared potassium sdonophosphide 
K—P=Se, by heating a mixture of equimolar parts of phosphorus selenide and 
potassium selenide, while protected from moisture, and in a current of hydrogen. 
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The red mixture becomes nearly white; if heated too strongly, the compound is 
decomposed. If it be not cooled in hydrogen, it will inflame in air. If a higher 
proportion of potassium selenide be employed, the excess remains uncombinod. 
T. E. Thorpe and A. E. H. Tutton })repared phosphorus sulphoxide, P 4 S 40 ( 5 , by the 
action of sulphur on phosphorous oxide, and added that selenium appears to form a 
crystalline compound with phosphorous oxide, possibly phosphorus selenoxide, 
similar to the siil}>hoxide, but owing to the fact that the phosphorous oxide is 
largely decomposed at the temp, of the reaction, the sublimed substance is mixed 
with the products of the decomposition. 

W. Muthmann and A. Clever obtained potassium hydroselenophosphite^ 
K 2 HPSe 3 . 2 JH 20 , by the action of potassium hydroxide on ph()s])horus 
selenide; or better, by gradually adding powdered phosphorus triseleui(h‘ to a 
cold cone. soln. of ])otassium hydroxide, cautiously warming the mixture at 75''- TS'' 
until soln, takes place, and allowing the filtered liquid to crystallize in a freezing 
mixture ; if the mixture is heated above 80®, complete decomposition takes ]>lace 
and hydrogen selenide is evolved. The selenophosphite crystallizes in highly 
lustrous octahedra-iike forms, which do not, however, belong to the regular system 
as they show double refraction ; it gradually decomposes in moist air with separa¬ 
tion of selenium and hydrogen selenide : when heated, it gives off water vapour and 
hydrogen selenide, while selenium, and then selenium dioxide, sublime, leaving a 
residue of phosphate. It is sparingly soluble in cold water, easily so in hot water, 
and can be recrystallized from a cone. soln. of potassium hydroxide. The atp soln. 
is neutral and pale yellow. With dil. acids, it yields hydrogen selenide, and selenium 
is ^adually precipitated. Lead and silver salts give brownisli, amorphous j^re- 
cipitates which gradually darken, and the supernatant soln. then contains phos¬ 
phoric acid. Barium salts give a yellow, amorphous precij)itate which quickly 
turns red. 0. Hahn obtained potassium selenodiphospUte, or 

K 4 P 2 Se 5 , by heating a mixture of 2 mols of potassium selenide and a mol of phos¬ 
phorus triselenide; and W. Muthmann and A. Clever prepared potassium tri- 
seleuodithiophosphite, 2K2S.P2^e3.5H20, or K4PSe3S2.5H20, by the action of 
potassium sulphide on the triselenide ; it forms small, colourless, doubly-refractive 
crystals having an octahedral habit and an adamantine lustre, and is decomposed 
at about 80® with evolution of hydrogen sulphide and selenide. The aq, soln. is 
colourless, and when treated with acids yields hydrogen sulphide and selenide, 
whilst a reddish-brown compound mixed with sulphm is precipitated. When 
treated with salts of the lieavy metals, it yields dark, amorphous precipitates. 
These compounds give well-crystallized juoducts with an arnmoniacal soln. of a 
magnesium salt. 

F. Ephraim and E. Majler said that the selenopbosphates of the alkali and 
alkaline earth metals, and magnesium can be prepared by the action of phos])]iorus 
pentaselenide on aq. soln, of the respective metals : 3 R 28 e ~j-P28e5 " 2 R 3 PSe 4 ; but 
in no case could the solid tetraselenophosphate be isolated because it is immediately 
decomposed by water; R 3 pSe 4 -f H 20 =H 2 Se+R 3 P 0 Se 8 ; the decom])osition m 
some cases may proceed further, forming di- or tri-oxyselonophosphates; and 
intermediate products may be obtained as isomorphous mixtures of different 
oxyselenophosphates— e.g, greenish-yellow octahedra with the composition 
K 3 pSe 2 . 50 j[. 5 .H 20 , were obtained from a sat. soln. of potassiuiii hydroselenide 
and phosphorus pentaselenide. The compounds crystallized from a soln, rich in 
hydrogen selenide contain a larger proportion of selenium than when precipitated 
by alcohol The oxyselenophosphates can be obtained from the metal hydroxide, 
and phosphorus pentaselenide; but, even in the presence of an excess of alkali, 
the normal salts sometimes hydrolyze with the formation of the monohydro-salts, 
as conditioned by the relative solubilities of the two salts in the mother-liquor. 
When dissolved in water, particularly hot water, all the compounds are hydrolyzed : 
R8pSe4+4H20=R3p0-b4:H2Se. The mother-liquors quickly oxidize on exposure 
to air,, becoming red, and depositing selenium. The solid salts are fairly stable in 
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dry air. Normal salts were obtained with the alkali metals; the alkaline earth 
metals furnish monohydro-salts, 

W. Muthmann and A. Clever obtained SOdium OX3rtriselenoph08phate, 
NaaPSegO.lOHgO, by the action of phosphorus triselenide on sodium hydroxide. 
It crystallizes from a cone soln. of sodium hydroxide in pale green, doubly-refracting 
prisms. The aq, soln. quickly decomposes ; with acids, it yields hydrogen selenide 
and a brown precipitate containing selenium. When heated in a tube, it yields a 
sublimate of selenium, and a phosphate. It gives a well-crystallized compound 
with ammoniacal magnesia mixture. E. Ephraim and E. Majler prepared ammomum 
Oxytriselenophosphate» (NH 4 ) 3 PSe 30 . 10 H 20 , in leaflets, from a warm soln. of 
phosphorus pentaselenide and a sat. soln. of hydrogen selenide in cone, ammonia. 
The cold mother-liquor deposits octahedra and four-sided leaflets of 
(NH 4 ) 5 H(PSe 50 ) 2 . 18 H 20 . Similarly there was obtained greenish-yellow, octa¬ 
hedral crystals of potassium ox 3 rMselenophosphate in isomorphous association 
with a lower selenophosphate because the ultimate composition was K 3 p 8 e 2 . 50 ^. 5 . 
H 2 O. * For the corresponding calcium salt, vide %nfra. 

F. Ephraim and E. Majler prepared barium hydrodioxydiselenophosphate, 
BaHPSe202.14H20,* as a niicrocrystalline powder, by treating phosjfliorus })enta- 
selenide either with a soln. of barium hydroxide, or with a sat. scfln. of hydrogen 
selenide in baryta-water. When 2 grms. of strontium hydroxide in aq. soln. are 
treated with 3 grms of phosphorus pentaselenide, and the filtrate from the deposited 
selenium treated with alcohol, a light yellow precipitate is formed of strontium 
hydrodioxydiselenophospbato m isomorphous association with the trioxyseleno- 
phosphate, since the composition is 8 rHPSe 2 / 303 / 13.71100 ; with a larger excess of 
the pentaselenide, the coloui'less crystals have the composition SrHP 8 e 4 / 30 g/ 3 . 8 H 20 , 
which may be 2 SrHP 8 e 03 "{-SrHPSe 202 +- 241120 . With calcium hydroxide, and 
the smaller proportion of f)hosphorus pentaselenide, there is formed calcium hydro- 
dioxydiselenophosphate in an amorphous association with calcium hydrotrioxy- 
selenophosphate, CafJP 8 e 03 . 8 H 20 , which is produced when the larger proportion 
of phosphorus pentaselenide is used. An impure magnesium bydrodioxydiseleno- 
pbospbate was also prepared by F. Ephraim and E. Majler. 

F. Ephraim and E. Majler ]>repared SOdium trioxyselenopbospbate, Na 3 pSe 03 . 
2 OH 2 O, by digesting a cone. soln. of sodium hydroxide with phosphorus penta¬ 
selenide. The same substance was obtained when sodium hydroselenide was used 
in the place of sodium hydroxide. It crystallizes in needles. C. Grossmann pre¬ 
pared a number of derivatives of this acid— e.g, phenyl trioxyselenophosphate ; 

,OCeH, 

8c=-P-~0CeH, 

^OCeHg 

R. F. Weinland and G. Barttlingck prepared potassium pcntasclenatodipbos- 
pbate, 3 * 5 X 20 . 58003 .i^205.5*5H20, from a soln. of selenic acid, phosphoric acid, 
and potassium hydroxide in the molar proportions 1:4:1. The rod-like crystals 
are stable in air and do not effloresce over sulphuric acid. They are freely soluble 
in water. If the soln. has the above components in the proportion 1:2: 2, colour¬ 
less plates of potassium selenatopbospbate» 2 K 2 O. 2 SeO 3 .P 2 O 5 . 3 H 2 O, are formed. 
They do not effloresce over sulphuric acid. Likewise also with rubidium selcuato- 
pbospbate* 2 Rb 20 . 28 e 03 P 2 O 5 . 3 H 2 O; and ammonium selenatopbospbate* 

2(NH4)20.2Se03.P205.3H20. 

Refeeences. 

' 0. Hahn, Joum* prakt, Ch&m.t (1), a3. 432, 1864 ; W. Muthmann and A. Clever, Zeit. anorg, 
Chem,^ 13. 191, 1897 ; A. Clever, Zur Kenntniss der Verbindungen des JSekns mit Aram und 
phosphor, Mimchen, 1896; T. E, Thorpe and A. E. H. Tutton, Joum. Chem, 80 c,, 69. 1019, 
1891; R. F. Weinland and G. Barttlingck, Ber., 36. 1402, 1903; F. Ephraim and E. Majler, 
ib., 43. 277, 1910; C. GroBsmann, Ueber Snlphophosphine und Derivate der 3ulfo- und Seleno- 
phosphoraaure, Marburg, 1916. 
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Acid sulfureux, 187 
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-potassium selenate, 869 

-selenatosulphate, 930 
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-trihydrate, 829 

—sodium selenate, 869 

— sulphite, 301 
>—— sulphodecachloride 647 
' — suJphoheptachloride, 647 
—- - Bulphopentaohlorido, 613 

- — sulplmryl chloride, 231, 673 
-sulphury 1 trichloride, 691 

— tetrahydroxysulphite, 301 

--tetraselenite, 829 
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phite, 315 
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- thiosulphate, 554 
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— -dithiosulphate, 546 
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— --selenate, 867 

.—-dihydrate, 867 

--hexahydrate, 867 

- sulphite, 287 

— - ~ tetrathiosulphate, 547 

— --— monohydrated, 547 
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— chlorodithionato, 583 
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— - copper dithionate, 587 

--H€‘lenato, 859 
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(pent)amraonium cuprous trisulphite, 275 
(tetr) ammonium (di)cuprou8 trisulphite, 
275 

--trithiosulphat-e, 530 

—— docaliydropentoselenito d o de c a van a- 
date, 835 
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Ainjiioniam dihydrotetraselenitohexavana¬ 
date, 835 

-dihydrotriselenite, 821 

-diiodothioHulphato, 533 

-dioxydiwelenotimgstate, 798 

- diselenitoctomolybdate, 837 

-jiexahydrate, 837 ' 

— pontahydrate, 837 

-diselenitodecamolybdate, 836 

-diselenitododecamolybdate, 837 

-di8elenitopontamolyl3date, 837 

--disulphitodiam m i n o c o b a 11 a t e, 

318 

-/ran.*9-disulphitodiothyJenediani m i no- 

cobaltate, 318 

-/ran#- dis ulphitodipropy lenediamine- 

cobaltate, 318 

-ritf-disulphitoethylenediamine, 318 

— - /m?i#-disuIphitoethylenedianiino, 318 
—— ri#.di8ulphitototrainrninocobaltate,317 
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— diuranyl trisulphite, 308 
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-ferriflulphatosulphito, 313 
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-persulphate, 480 
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-sulphite, 312 
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-hydroselenate, 854 
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-hydroselenide, 765 

-hydroselenite, 820 
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-iodosulphonate, 689 
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-sulphite, 302 
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Ammonium octomolybdatodisulphite, 307 
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-pentamolybdatodisulphite, 307 

- persulphate, 476 
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Ammonium eulphurylthiocyanate, 689 
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-tetrathionate, 617 
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-thiosulphate, 614 
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836 
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-decamolybdatotrisulphite, 307 
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-hexasulphitodicobaltate, 316 

--hydrodioxydiselenophosphate, 932 

-hydroselenite, 826 

-lead thiosulphate, 552 

-magnesium dithionate, 692 

-mercuric sulphite, 300 

-monoselenotrithionate, 928 

-dihydrate, 928 

-osmic sulphide, 324 
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-rubidium dithionate, 691 

-selenate, 862 



936 


INDEX 
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-selenite, 825 

--monohydrate, 825 

- “ selenitomolybdate, 837 

-silver trithiosulphate, 545 
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-thiosulphate, 545 

- - triselenite, 826 
Berzelianite, 694, 769 
Berzeline, 769 

Bismuth ammonium decasulphodithiosul- 
phate, 552 

“■-thiosulphate, 554 

-barium thiosulphate, 554: 

-caesium thiosulphate, 554 

- ■" - copper thiosulphate, 654 
-dihydrotetraselenite, 834 

- - ditiuonate, 696 

■ -hemiselenide, 796 

-hoxasulphitodc^co halt ate, 315 

— hydroxysulplnte, 305 

- lead sulphoseJenides, 921 
“ — monosolenide, 794 

--potassium thiosulphate, 554 

— rubidium thiosulphate, 554 

- - - selenate, 876 
-selenite, 834 

-silver thiosulphate, 654 

- — sodium thiosulphate, 663 

-strontium thiosulphate, 664 

-sulphite, 306 

- thallous thiosulphate, 554 

-tliiosulphate, 652 

-triselenide, 796 

-trithionate, 609 

Bismuthyl dithionate, 695 

-heptahydroxydecasulpliite, 305 

-hydroxydecasulphite, 306 

-hydroxypentasulphite, 305 

--oxydlithionate, 696 

-sulphite, 306 

-trihydroxypentaaulphite, 306 

-trihydroxytetreusulphite, 306 

Bis- 0 ulphuric acid, 369 
Boron tetritaselenide, 780 
-tnfluodihydrosulphide, 139 


Boron trifluotetradecahydrosulphide, 139 

-triselenide, 780 

Brimstone, 1 

BromosuJphonic acids, 689 
Brownish-red sodium rhodium sulphite, 326 
Bumping (boiling acid), 368 
Bytbiiim, 3 


C 

Caclieiitaite, 771. 788 
('admium amrninoselenite, 827 

-amminosulphite, 287 

-ammonium dithionate, 593 

—-dithiosulphate, 546 

-persulphate, 479 

-selenate, 867 

--dihydrate, 867 

-hexahydrate, 867 

-sulpliite, 287 

---tetrathiosulphate, 647 

--monohydrated, 647 

— ~ barium tetratliiosulphato, 547 

--trithiosulphate, 647 

-cjBsium selenate, 868 

-calcium thiosulphate, 647 

— dihydrotrisolenide, 827 
-monohydrate, 827 

- disulpliitotetrainminocobaltate, 317 

-hexamminopersulphate, 479 

-hydrazinohydrosulphite, 287 

-hydrazinoBulphite, 287 

-- potassium ootothiosulphate, 647 

- -persulphate, 479 

— --selenate, 868 

--hexahydrate, 868 

-selenatosulphate, 930 

-sulpliatoselenate, 930 

-sulphite, 287 

-tetrathiosulphate, 547 

-pyridinopersulphate, 479 

“ pyroselenito, 827 

— rubidium selenate, 868 

— selenate, 867 

— selenatofhiosulphate, 926 

" — selenide, 777 

-selenit^e, 827 

---hemitriliydrato, 827 

— — sodium ditliiosulphate, 547 

--hyposulphite, 183 

- -persulphate, 479 

-sulphite, 287 

-strontium tetrathiosulphate, 647 

-sulphite, 287 

--dihydrate, 287 

--homitrihydrate, 287 

-~ trihydrate, 287 

-sulphoselenides, 919 

—— sulphuryl bromide, 689 

-chloride, 689 

-iodide, 689 

-nitrate, 689 

--— thiocyanate, 689 

- tetramminodithionate, 692 

-tetrapyridinotetrathionate, 619 

— tetrathionate, 619 

— “ thallous sulphite, 302 
-thiosulphate, 646 

-trisodium tetrathiosulphate, 647 
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Cadmium trisodium totrathiosulphate 
hexahydrato, 647 

--trihydrated, 647 

Caesium aluminium selenate, 869 

-ammonium cwf-disulphitotetrarnmino- 

cobaltate» 317 

-bismuth thiosulphate, 664 

-cadmiuni selenate, 868 

—chromic selenate, 876 

-cobalt selenate, 885 

-copper selenate, 860 

—— cuprous dithiosulphate, 536 

-dithionate, 686 

-^— hemihydrate, 586 

-divanadyl tetrasulphito, 306 

, —- ferric selenate, 882 
'—~ ferrous selenato, 881 

-fluosulphonate, 686 

-gallium selenate, 870 

- ” - hexabromoselenate, 901 
-hydroselenate, 867 

-liydroselenite, 823 

- hydrosulpliite, 270 

- - hydroxyfluodithionate, 699 
-hyposulphite, 182 

- lead dithiosulphate, 652 

-trithiosulphate, 562 

-magnesium selenate, 864 

-thiosulphate, 646 

-manganous selenate, 879 

-nickel selenate, 889 

- - octoaulphate. 448 

— pentamolybdatodisulphite, 307 

- persulphate, 477 
-pyrosulphate, 446 

- - selenate, 857 

- selenatoaliuninate, 869 

- seleuatochromate, 876 
-selenatoferrate, 882 

- — selenite, 823 

—— selenosulphate, 925 

- soloTiotrithionate, 928 

- silver trithiosulphate, 639 

~ - Hulpliite, 270 

-tetrasulphuryliodide, 691 

- " tetrathionate, 618 
-thiosulphate, 629 

~ ~ - tnhydrodiselenite, 823 

--trisulphuryliodido, 690 

— trithionate, 608 

-zinc selenate, 867 

Calcaroni, 14 

Calcium antimonious thiosulphate, 563 
—.— cadmium thiosulphate, 647 

- — - cuprous thiosulphate, 644 
-dithionate, 688, 592 

-hexasulphitodicobaltate, 316 

-hydrodioxydiselenophosphate, 932 

-hydrohyposulphite, 183 

-hydroselenide, 776 

-hydroselenite, 826 

-- monohydrate, 825 

- hydrosiilphite, 283 

-hydrotrioxyselenophosphate, 932 

-hyposulphite, 182 

--hemitrihydrate, 182 

-lead trithiosulphate, 

- - — mercuric thiosulphate, 549 
-oxypentasulphite, 283 

—■— persulphate, 478 


Calcium polyselonide, 775 
-potassium solenale, 862 

- --thiosulphate, 544 

-pyrosulphate, 446 

-selenate, 861 

— dihydrate, 861 

_____ __— hemihydrate, 862 

- hemitrihydrate, 862 

—— selonide, 774 

— - selenite, 825 

-iritatetrahydrate, 826 

-selenium trioxyoctochloride, 910 

- selenotrithionate, 928 

-sodium nitratodithiosulphate, 544 

--selenate, 862 

--thiosulphate, 544 

-sulphite, 282 

-sulphury 1 phosphate, 233 

— totraselenite, 825 

— tetrosulphuiyldiiodide, 691 

— thiosulphate, 641 
~ trithionate, 609 

-zinc hyposulphite, 183 

Caput mortuum, 351 
Carbon diselenide, 783 

— disulphosolenohoxabromide, 920 
pentitadiselenide, 783 
-sulphoselenide, 919 

- tetritaeelenide, 783 
Caro’s acid, 449, 482 
Castillite, 694, 795 
Catalysis dissociation, 673 
-pseudo-, 673 

Ceric selenite, 831 

Cerium cuprous disulphite, 302 

- dithiosulphato, 549 
—- sulphite, 302 

- uranyl sulphite, 309 
Cerous ammonium sulphite, 302 
-dihydrototraselenide, 830 

- dithionate, 594 

— hydrated selenide, 782 
^ - hydrosulphite, 830 
- oxj’pentaselenitc, 830 

- potassium sulphite, 302 

- selenates, 871 

-— decahydrate, 872 

-dodecahydrate, 872 

______ enneahydrate, 872 

-- henaliydrate, 872 

_ --heptahydrate, 872 

-hexaliydrate, 872 

_____ ___— octohydrate, 872 

— -pentahydrato, 872 

-tetrahydrate, S72 

-selenide, 782 

—— selenite, 830 

sodium sulphite, 302 
(yhalcomenite, 694, 823 
Chamber acid, 363 
Chemiced fogs, 401 
-mists, 401 

Chlorohydrosulphurous acid, 686 
Chloroselezuc acid, 912 
Chlorosulfure sulfazotique, 646 
Chlorosulphonates, 688 
Chlorosulphonic acid, 686 
Chlorosulphuric acid, 686 
Chlorure de soufre biammoniacal, 646 
---sulfure ammoniacal, 646 
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Chromatoselenic acid, 876 
Chromic ammonium selenate, 876 

-aquopentamminodithionate, 596 

-ciesium selenate, 876 

—— ohloropentamminoselenate, 877 

-chloropentaquoselenate, 876 

-decamminodihydroxydithionate, 696 

-decamrainohydroxydithionate, 696 

-cis-dibromobisethylenediaminodithio - 

nate, 596 

-^rans-dibromobisethylenedi amin odi - 

thionate, 696 

-cw-dichlorobisethylenediaminodithio - 

nate, 691 

-/rans-dichlorobisethylenediaminedi- 

thlonate, 506 

--dichlorotetraquohexaquoselonate, 877 

-dihydroxydiaquodiamminodithionate, 

696 

-dioxysulphito, 306 

-dithionate, 695 

-hexacarbarnidoselenate, 877 

-hexaethylenediaminehexabydro xy d i- 

thionate, 596 

-hexaraminoselenate, 877 

- cis -hydroxyaquobisethylenediaminedi - 

thionate, 695 

-/mnfl-hydroxyaquobisethy 1 e n e di a m - 

minedithionate, 696 

-nitritopentamminodithionate, 596 

-oxydithionate, 695 

-I>entamminoohlorodithionate, 696 

-pentamminoxydithionate, 696 

-potassiiim oxysulphite, 306 

-selenate, 876 

-selenide, 797 

-rubidium selenate, 876 

-selenate, 876 

—-— sodium selenate, 876 

-sulphite, 306 

-tetrahydroxysulphite, 306 

-thallous selenate, 836, 876 

-trioxysulphite, 306 

-trisethylenediamidoselenate, 877 

Chromium aquotrihydroxydioldecammino- 
thiosulphate, 564 

- diaquotrihydroxydiolenneamin o t h i o - 

sulphate, 654 

-dihydrotetraselenite, 836 

-diselenite, 836 

-liemitriselonide, 797 

-pentoxysulphite, 306 

-potassium selenatosulphate, 930 

--sulphatoselenate, 930 

-selenide, 797 

-selenite, 836 

-pentadecahydrate, 836 

-trihydrate, 836 

-selenium alums, 876 

-tetrahydropentaselenide, 836 

--thiosulphate, 654 

-trioxyenneaselenite, 836 

Chromous sulphite, 306 
Clausthalie, 787 
Clausthalite, 694, 787 
Cobalt ammonium dithionate, 597 

-persulphate, 480 

-bisdiethylenediaminosulphate, 448 

—bisethylenediaminoamminoch 1 o r o d i - 
thionate, 698 


Cobalt bismethylenediaminotetrathionate, 
620 

-ccesium selenate, 886 

-chloropentamminodihydro sulphate, 

448 

-cuprous lead selenide, 800 

-decamminoamidodithionate, 698 

-diamminodipy ridinoaq uo.-hydroxy- 

dithionate, 697 

-diamminodipy ridinodihydroxydit h i o - 

nate, 697 

-diazidobisethy lenedi aminedith i o n a t e, 

598 

-diazidotetramminodithionate, 598 

-diethylenediaminodini tritoditliion ate, 

698 

-cttf-diethylenediaminoaquohy drox y d i- 

thionate, 597 

-^rantf-diethylenediamineaquohy dro X y- 

ditliionate, 697 

-dihydrazinohydrosulphite, 316 

-diliydrazinosulphite, 314 

-dihydroxy dec asulphite, 313 

-dihydroxytr’selenate, 883 

-dihydroxypentasulphite, 313 

-CM-dipropylenediaminodichlorodithio- 

nate, 598 

- fraTM-dipropylenediamino d ic h 1 o ro d i- 

thionate, 598 

-diselenide, 800 

-dithionate, 597 

-hexahydrate, 597 

-octohydrate ,597 

-dodecamminohexahy droxy dithion ate, 

698 

-hemihydrazinoBulphite, 314 

-hemiselenide, 800 

-hemitriselenide, 800 

-hexamminodisulphatopersulphate, 480 

-hexamminotrihydroxydithionate, 698 

- -hexamminotrinitratoaquodihydr o x y - 

dithionate, 698 

-hexamminoxydiaquohydrox ydithio- 

nate, 698 

-hydrazinohydrosulphite, 315 

-hydroselenite, 841 

-octamminoamidohydroxydith i o n a t e, 

698 

-octamminodihy droxy dithionate, 698 

-oxyselenide, 780 

--pentamminochlorodithionate, 698 

-pentamminohydrocarbona to dithio¬ 
nate, 598 

-pentamminohydroxydithioxiate, 697 

-pentamrninonitratodithionate, 697 

-pentamminoselenitochloride, 841 

-pentitahexaselenide, 800 

-pentitanneahydrazinosulphite, 314 

-persulphate, 480 

-- polysulphates, 448 

-potassium persulphate, 480 

-pyroselenite, 841 

-rubidium selenate, 886 

-selenide, 800 

-selenite, 840 

-dihydrate, 840 

-tritahydrate, 840 

— sodium heptathiosulphate, 666 

-persulphate, 4^ 

-- tetrathiosuiphate, 666 
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Cobalt tetroethyldiamin©diaquotetrahy- 
droxydithionate» 698 

-tetramminoaquohydroxydithionate, 

697 

-tetramininocarbonatodithionate, 698 

-rw-tetramminochlorodithionate, 698 

-tetrapyridinotetrathionate, 620 

-thiosulphate, 666 

-triselenite, 841 

-trisethylenediaminohydroselonate, 886 

-tritatetraselenide, 800 

-trithionate, 609 

(di)cobaltic /i-amidohydroxyoctammino- 
aelenate, 887 

-fA'amidonitrito-octamminoselenate* 

887 

-/i-aniidoperoxyoctamminoaelenate, 887 

-/li-amidoselenato-octamminohydrosul' 

phate, 886 

-/i-amidoselenatotetramminohyd ro s u 1 - 

phate, 930 

- /:A-amido8ulphatoctamminohyd rosele • 

nate, 930 

(di)cobaltic /t-ainidosulphato-octammino- 
hydroselenate, 887 

•-ammonium tetramminodisulphite, 315 

-tetramminotrisulphite, 316 

-aquobromotetramminoselenate, 886 

■-aquochlorotetramminoselenate, 886 

-aquohydroxytetramminoselenate, 886 

-aquonitrat otetramminohydroselenate, 

886 

-aquonitritotetramminoselenate, 886 

-aquopentarnminoselenate, 886 

-aquopentamrairiotrisulphite, 316 

-aquosolenatotetramminochlorido, 886 

-aquoselenatotet ram m inohydrosele- 

nate, 886 

-aquosolenatotetramminoselenate, 886 

-aquoselenatotetramminosulphate, 886, 

930 

-aquosulphatotetramminoselenate, 886, 

930 

- aquosulphitotetramminocyanide, 317 

-aquosulphitotetra mminohydroxide, 

316, 317 

-aquosulphitotetramminothio c yana te, 

317 

-barium ammonium octamminohexa- 

sulphite, 316 

--octamminohexasulphite, 316 

-biadimethylglyoximinochanuninosele- 

nate, 886 

-bishexamminoenneasulphite, 316 

-bishy droselenatotetramminose 1 e n a t e, 

886 

-carbonatohydrosulphitotetrammine, 

318 

-carbonatopentamminoselenate, 886 

-carbonatotetramminoselenate, 886 

-chloropentamminoselenate, 886 

-copper pentamminobisulphite, 318 

—— decamminotrisulphite, 315 

-diamminosulphite, 314 

—ir- diaquoohlorotriainminoselenate, 886 

-diaquodichlorodiamminohydrosele* 

nate, 886 

-diaquodipyridinodiamminohydrosele- 

nate, 886 

-diaquotetramminoselenate, 886 


(di)oobaltic dihydroxyoctamzninoselenate, 
887 

-dinitritotetrammiiioseleuate, 886 

-cis'dinitritotetramminoselenate, 886 

-dithiocarbimidobisethylenediamino* 

hydroselenate, 886 

-enneamminosulphite, 314 

-hexamminochlorosulphite, 316, 316 

-hexamminoohlorotliiosulphate, 667 

-hexamminohydroselenate, 886 

-hexamminoselenate, 885 

-hexamminosulphite, 314 

-hexamminotrisulpliite, 316 

(tetra)cobaltio hexahydroxydodecammino • 
selenate, 887 

-hydroxysulphitotetrammine, 316 

-nitratopentamminohydroselenate, 886 

(di )oobaltic ^ -nitritodihyd roxyhexamm ino - 
selenate, 887 

-nitritopentammiiioselenate, 886 

-nitritopentamminothiosulphate, 657 

•-nitritosulphitotetrammine, 317 

—'— oxalatodiethylenediaminoselenate, 886 

-oxalatopentamminohydroselenate, 886 

-oxalatopeniamminoselenate, 886 

-oxalatotetramminoselenate, 886 

-pentamminosulphite, 314 

-pentamminotrisulphite, 315 

- ~ potassium sulphite, 31i5 
--selenate, 882 

-selenatopentamminobroinide, 886 

-selenatopen tamminoch loro p 1 a t i n a t o, 

886 

-selenatopentamminohydro8elenate,886 

-selonatopentamminonitrate, 886 

- solenatopentamrninoselenato, 886 

-selenatopentiimmmoBulphate, 886 

-selenitopentamminoselenite, 841 

-sodium aquopentamminotrisulphite, 

316 

-hexamminohexasulphite, 318 

-octamminohexasulphite, 318 

-pentamminotrisulphite, 316 

-sulphite, 316 

-sulphitopentamminotrisu 1 p h i t e, 

316 

- sulphatopentamminoselenate, 886 

-sulphite, 314 

-sulphitopentamminea, 316 

-sulphitopentamrninobromide, 316 

-sulphitopentamminoehloride, 315, 316 

-sulph itopentamminohydrochJoride, 316 

-sulphitopentamminonitrate, 316 

-sulphitopentamminosulphite, 316 

—— sulphitopentamminothiosulphate, 316, 
667 

-tetramminochlorosulphite, 315 

-tetramminotrisulphite, 316 

(di)cobaltic tetranitrito-ft-selenatohexam- 
mine, 886 

-thiocwbimidopentamminoselenate, 886 

-- thioBulphatopentamminobromide, 667 

-thiosulphatopentamminochloride, 667 

-thiosulphatopentamminochromate,667 

-thiosulphatopentamminodithionate, 

667 

-thiosulphatopentamminoiodide, 667 

-thiosulphatopentamminonitrate, 667 

-thiosulphatopentamminothiosulpha t e, 

667 



940 INDEX 


Oobaltic transdichlorotetramminohydro- 
sdlenate^ 886 

--transdiohlorotetrapyridinohydrosele- 

nate, 886 

•—— transdinitritotetramminoBeloiiate, 886 
■ triethy lenediaminotri hyd roselenate, 

886 

(di)cobaltic trihydroxyhexamminoselenate, 
887 

-trisethylenediaminoselenate, 886 

-triaethy lenodiamminothiosulph ate, 567 

--trisulphitotriamminocobaltato, 318 

Cobaltomenite, 694, 841 

Cobaltosic octammmopentasulphil-o, 315 

Cobaltous ammoniimi disiilpliite, 313 

-— hexamminoselenate, 885 

--— hexasulphitocobaltato, 315 

--- trisulphite, 313 

-hexasulphitodicobaltate, 316 

- lithium trisulphite, 314 

-platinous ^mn^-sulphitodianiminosul- 

phite, 321 

——— potassium disulphite, 314 

-hexasulphitodicobaltate, 315 

-selenate, 884 

--— selenatosulphate, 930 

-sulphatoselenate, 930 

-selenate, 882 

-heptahydrate, 882 

-hexahydrate, 882 

-pentahydrate, 882 

—— silver hexasulphitodicobaltate, 315 

-sodium disulphite, 314 

-sulphite, 313 

-thallium sulphite, 314 

Colcothar, 351 

Columbium selenide, 796 

Copper ammonium ^thionate, 587 

-selenate, 869 

-aquoethylenediaminosiilphite, 274 

-bisethylenediarainodithionate, 587 

— bisethylenediaminopersulphate, 478 

-bisethylenediaminosulphite, 274 

-bisethylenediaminotetrathioiiate, 618 

-bisethylenediaminothioBulphate, 635 

-bisethylenediaminotnthionate, 609 

-bismuth thiosulpliate, 554 

-caesium selenate, 860 

-cobaltic pentamminotrisulphite, 318 

-diethyldiamminoselenate, 850 

-disulphitotetramminocobaltate, 317 

-disulphoselenide, 919 

-enneamminodithionate, 687 

-fluosulphonate, 686 

-hemitrisethylenediaminothiosulphaf e, 

535 

■-hydrazine selenate, 869 

-liydroselenite, 824 

-monohydrate, 824 

-oxyselenite, 823 

--— pentathionate, 627 

--persulphate, 478 

-potassium selenatosulphate, 929 

-- sulphatoselenate, 929 

--pyridinopersulphate, 478 

-pyroselenite, 824 

-rubidium selenate, 860 

— selanate, 858 

—-dihydrate, 858 

-monohydratc, S58 


Copper selenite, 823 

-silver selenide, 773 

-sulphite, 273 

— - tetramminodithionate, 587 

-tetramminopersulphate, 478 

-tetramminoselenate, 858, 859 

- — monohydrate, 858 

tetramminosulphite, 273 
—~ tetrapyridinotetratbionate, 618 
—— thnllous selenate, 870 
triamminosolenate, 859 
--tetrahydrate, 859 

— -trihydrate, 859 

— - - trithionate, 609 
(Yookosito, 694, 782 
Cupric arnminosulphite, 278 
-dithionate, 586 

---hydrate, 587 

. — - . pentahydrate, 686 

—— - - - tetrahydrate, 686 

— hexahydroxytet rasulpbito, 278 
-hydrotetrathionate, 618 

— mercuric sulphite, 300 

- oxydisulphite, 278 
—oxysulphite, 278 

-platinous frarwj-sijlphitodiamminosiil 

phite, 321 

-potassium selenate, 859 

- - - thiosulphate, 634 
-trisulphite, 276 

selenide, 770 

- sodium an iminosulphite, 279 

- sulphite, 278 

— tetrammmothiosulphate, 535 

- - tetrathionate, 618 

lhallous sulphite, 301 

— - hexahydrate, 302 

~ - thiosulphate, 549 

thiosulphate, 535 

C'uprosic arnminD8ulpliothio8ulphatt>, 536 

— ammonium sulphite, 278 

--hornitridoeahydrate, 278 

— —-pentahydrate, 278 

oxyoctosulphite, 278 

— potassium heptasulpliite, 278 

--hoxasulphite, 278 

- - -- tetrasulphite, 278 

- selenide, 770 

--sodium octosulphite, 278 

-pentaminmotetrathiosulphate, 

535 

_-totramminotetrathioBulphate, 

535 

-dihydrate, 635 

--tetrfisulphite, 278 

- - sulphite, 277 

- “ thallous sulphite, 302 

Cuprous ammonium cyanidothiosulphate, 

dibromotetrathiosulphatfe, 533 
diehlorotetrathiosulphate, 633 
- diiodotetrathiosulphate, 633 

— dithioeyanatotetrasulphate, 533 
pentathiosuiphate, 530 

—— sodium hexamminoctothiosub 

phate, 533 

-sulphite, 274 

(4^)tr)aminomiun totraisulplute, 276 
“ dehydrate, 275 
--pentahydrate, 276 
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(di)cuproiis (dodec)anirnoniium tetrasul- 
phite, 276 

--dehydrate, 275 

—- pentahydrate, 275 

-tliiooyanatotliio&iilphaie, 533 

-thioKulpliate, 530 

-(pont)arnr/ioniurri tnsul})hito, 275 

(di)cuprous (tetr)anmionium trisuJphite, 275 
(tetra)cuprous (di)arninomuni tnsulphite, 
27 ry 

-- tritliiohulpliato, 530 

-barium trithiosulphate, 646 

-heptahydrate', 645 

-—-tetrahydrate, 546 

-ca'&ium dithiosulphate, 535 

—— calcium thiosulphate. 644 

-cerium disulphite, 302 

-ditJiiosulphate, 649 

-enueoxysulphito, 274 

-hydrazine thiosulphate, 530 

-lanthanum disulphite, 302 

-load cobalt selonide, 800 

-dithiosulphate, 652 

-lithium sulphite, 275 

—. --tliiosulphete, 530 

-mercuioLis octotluosulphate, 549 

-iieodymiurri disulphite, 302 

— — potassium armruuotrithiosulphate, 635 

-(tri)potassium dihydrotrisulphito, 276 

-ditluosulphate, 634 

-- sul[ihite, 276 

--— tetrathiosulphate, 535 

-(totra)potassmm trihydrotetrasul- 

phite, 270 

-trithiosulphate, 534 

-dihydrato, 534 

-tet rally drat o, 534 

- —-- tijhydrate, 534 

-praseodymium, disulphite, 302 

-ditluosulphate, 550 

-rubidium dithiosulpbato, 535 

'-tetrathiosulphate 535 

-tntliiosulphates, 535 

-selenido, 769 

-selenite, 823 

-sodium bromodecatliiosulphate, 533 

-broraopentathiosulphale, 533 

-chlorodithiosulphotosulphide,634 

-chloropentathiosulphate, 633 

-decathiosulphate, 532 

--enneahydrate, 632 

-henaipentadecahydrate, 532 

-hexahydrated, 532 

-octohydrato, 632 

-diamminodiithiosulphate, 632 

-dichlorotrithiosiilphato, 633 

-disulphatoctothiosulphate, 634 

-dithiocyanatopentatinosiilphate, 

633 

-dithiosulphate, 632 

-dihydi’ate, 632 

-hemipentahydrate, 532 

--— monohydrate, 532 

-dithiosulphatodisulphide, 534 

-dithiosulpliatosulphido, 534 

--dodecatliiosulphate, 532 

----dodecahydrate, 633 

-ferroeic sulphite, 312 

(deca)ouprouJ8 (tetra)sodium heptasulphite, 
276 


Cuprous sodium heptathiosulpliate, 532 

— --enneahydrate, 532 

--hexahydrate, 532 

-hydroctosulphite, 276 

- ^ , iodobromopentatliiosulphate, 533 

— - - octochlorotetradecathiosulphate, 

633 

(totra)cuprous (hoxajsodiurn pentasulphite, 
276 

-— pentathiosulphate, 631, 533 

--hexahydrate, 531 

-—-octohydrato, 631 

--— pentahydrate, 531 

— -silver hoxammmoctothiosul- 

phate, 539 

- - — sulphite, 276 

-(hepta)sodium sulphite, 276 

-tetrachlorope n t a t h i o s u 1 p h a t e, 

633 

- ~ - tetratluosulphate, 632 

--- dihydrated, 632 

- - hexahydrate, 532 

— _ — thiosulphate, 530 

—- (penta)sodmm tiisulphite, 276 
- - trithiosulphate, 532 

- sulfihito, 274 

-tetiahydrothiosulphate, 529 

totralhionate, 618 
thorium ditluosulphate, 560 
-ziicomuiii tritlnosulphaio, 550 


D 

Decavanadyl sodium hexasulphito, 305 
Desmotropism, 240 

Diammomum sodium triselonatouraute, 
878 

Dicadimurn sodium trithiosulphate, 647 
iJidyunium dihy drotetraselenite, 831 

-dithionate, 594 

hexahydroenneaselenite, 831 
— uxyoctoselemte, 831 

-potassium sulphite, 302 

-selenate octohydrated, 872 

-sulphite. 302 

Dihydroxymethyl sulphone, 163 
Dimercuriamrnoniuin selenate, 869 
Diphosphoryl anliydrosulphatoliexachloride, 
346 

Diselenatouranic acid, 877 
Diselenotnthionate acid, 928 
Diselenotrithionic acid, 925 
Dissociation catalysis, 673 
Disulphitotetrarnrnines, 317 
Disulphoxylic acid, 163 
Disulphunc acid, 357, 369 
Dithionates, 682 
Dithionic acid, 670 

-anhydride, 679 

Dithionoxyl, 184 
Dithiopersulphuric acid, 481 
Diuranyl ammonium trisulphite, 308 

-potassium disulphite, 308 

-sodium trisulphite, 308 

Divanadyl ciesium tetrasulpbite, 306 

-lithium hexasulphite, 306 

-rubidium trisulphite, 305 
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E 

Kgula, 1 
English rea, 351 

Ezmeathiosulphato soclmm silver acetylide, 
540 

Eolide, 915 

Erbium dihydrotetraselenite, 831 

-- dithionate^ 694 

-selenate eniioahydrated, 872 

-~ octobydrated, 872 

-selenite, 831 

-enneahydrato, 831 

-pentabydrate, 831 

-sulphite, 302 

Erythrochromic dithionate, 690 
Ethyl sulphite symmetrical, 240 

—-unsymrnetrical, 240 

-sulphone, 162, 238 

-sulphonic acid^ 239 

-chloride, 239 

-sulphoxide, 238 

Eucairite, 694, 773 


F 

Ferric caesium selenate, 882 
-dioxysulphite, 312 

— - Jieptoxysulphite, 312 

— — hydrodiselenite, 840 

-hemiennoahydrate, 840 

——— herniheptahydrate, 840 
-hydroselenite, 840 

-octoxysulphite, 312 

-oxydiselenite, 840 

-oxydithionate, 697 

-oxyoctoselenite, 840 

—oxytetrahydrohexaselenite, 840 

— - potassium dioxydihydrotrisulphite, 

312 

-dioxy trisulphite, 312 

-- silenatosulphate, 930 

--Bulphatoselenate, 930 

-selenide, 799 

-selenite, 839 

-decahydrate, 840 

-eimealiydrate, 840 

--heptahydrate, 840 

-inonohydrate, 840 

-— tetrahydrate, 839 

-trihydrate, 840 

-selenium dioxyheptachloride, 910 

-sulphite, 312 

-sulphoheptachloride, 647 

—— thiosulphate, 656 

-trioxytriseJenite, 840 

-trioxytrisulphite, 312 

Ferrisulphatosulphites, 312 
Ferrosic potassium sulphite, 312 

-sodium cuprous sulphite, 312 

Ferrous ammonium dithionate, 597 

-persulphate, 480 

— selenate, 880 

--sulphite, 312 

-caesium selenate, 881 

-dithionate, 697 

-nitrosylselenate. 880 

-potassium persulphate, 480 

-selenate, 881 


Ferrous potassium dihydrate, 881 

- - ~ hexahydrate, 881 

— - - selenatoselenate, 930 

-- - Bulphatoselenate, 930 

-pyrosulphate, 447 

-rubidium selenate, 881 

— selenate, 880 
-lieptahydrate, 880 

— -pentabydrate, 880 

-- selenide, 799 

-selenite, 839 

__— sodium persulphate, 480 
-- thiosulphate, 556 

— sulphite, 311 

-thallous selenate, 882 

-sulphite, 312 

-thiosulphate, 555 

Flores sulfuris, 3, 19 
Flowers of sulphur, 19 
Fluosulphonates, 684 
Fluosulphonic acid, 684 
Fogs, chemical, 401 
P>enzelite, 694, 795 
Fuming sulphuric acid, 361 


G 

Gadolinium dihydrotetraselenite, 831 

-dithionate, 594 

-hyposulphite, 183 

--sulphite, 302 

-ilodecahyclrate, 302 

—-hexahydrate, 302 

Gallium ciesRUii selenate, 870 

-selenate, 869 

- — docosihydrato, 869 

-sulphite, 301 

(faz acido sulfureux, 187 
Gleba, 1 

Gold barium thiosulphate, 645 

- — disalphitotetramrninocobaltate, 317 

-- selenate, 861 

- -' selenide, 771 

-sulphoheptachloride, 647 

Guadaleazarite, 780 
Guadaleazite, 780 
Guanajnatite, 694, 795 


Ti 

Hafnium selenide, 784 
Halogenosulf)honates, 684 
Halogenosulphonie acids, 684 
Henathiosulphate sodium silver acetvlide, 
540 

Heptasulphates, 448 
Heteropolysulphates, 440 
Hexasulphates, 448 
Hexasulphitodicobaltic acid, 315 
Hexathionates, 628 
Hexathionic acid, 628 

Hexavanadyl ammonium tetrasulphito, 306 

-potassium tetrasulphite, 305 

— thallium tetrasulphite, 305 
Hydrated cerous selenide, 782 
Hydrazine copper selenate, 869 

--cuprous thiosulphate, 630 

-diUiionate, 583 
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Hydra 2 dne bydrodithionate, 583 

--lead thiosulphate, 551 

-pyrofiulphite, 328 

— — seienate, 854 

-silver thiosulpliate, 537 

-sulphite, 259 

— -— thiosulphate, 514 

-zinc selenate, 860 

Hydraaoniurn selenite, 821 
Hydrogen disulphide, 158 

— -— hexasulphide, 169 

-pentasulphide, 160 

-persulphide, 154 

— — polysulphidos, 154 

-selenide, 757 

-sulphide, 114 

--analytical reactions, 142 

-™ hexahydrated, 132 

--history, 114 

--hydrated, 131 

-— occurrence, 115 

-of crystallization, 141 

— -physiological action, 145 

---preparation, 116 

-properties chemical, 128 

---physical, 123 

-- sulplioxide, 161 

.-trisulphide, 158 

Hydrornercurithiosulphuric acid, 548 
Hydroselenites, 820 
Hydrosulfure sulfuiv^ de soude, 485 
Hydroaulphates, 440 
Hydrosulphides, 141 
Hydrosulphitoiridous acid, 323 
H ydrosulphuric acid, 141 
Hydrosulphurous acid, 166 
Hydroxylamirie dithionate, 583 
Hyporaercuromercurosic sulpliite, 287 
Hypomercurosic sulpliite, 287 
Hyposulfite de soude, 485 
Hyposulphites, 166, 180 
Hyposulphuric acid, 676 
Hyposulphurous acid, 166 

-constitution, 176 

-preparation, 166 

-properties chemical, 170 

-physical, 169 

-anhydride, 184 

Hypovanadic selenate, 875 


I 

Indium hexahydroenneaselenite, 830 

-hydroselenite, 830 

-hydroxyselenite, 830 

-oxysulphite, 301 

-selenate, 870 

-- selenide, 781 

-selenite, 830 

lodatosulphuric acid, 689 

-trihydrate, 689 

Iodine anhydrosulphate, 683 

-hemianhydrosulphate, 683 

-pentitauhydrosulphatopentoxide, 683 

-sulphoctochloride, 646 

-sulphodecachioride, 647 

-sulphoheptachloride, 647 

-trii^iydrosulphata, 683 

-trianhydrosulphatopentoxide, 683 


lodosulphinic acid, 690 
lodosulphonio acid, 689 
Iridiiun ammonium hexachlorodihydrosul- 
phite, 324 

-trisulphite, 324 

- — oxysulphite, 324 

— potassium chlorotrisulphite, 324 

-- pentachlorodisulphite, 324 

-tetrachlorotnsulplute, 324 

-trisulphite, 324 

-sodium ennoamminohexasiilphite, 324 

-trisulphite, 324 

Iridous hydrosulphite,'323 

-potassium sulphite, 323 

-sulphite, 323 

Iridyl sulphite, 324 
Iron diselenide, 799 

-disulphitotetramminocobaltate, 317 

-hemiselenide, 799 

-hernitriselenide, 799 

-monoselenide, 799 

— ' potassium diselenide, 800 

- - silver selenide, 800 

-tritatetraselenide, 799. 800 

Isonierides, dynamic, 49 


J 

Jeroiiite, 792 
Joseite, 694 


K 

Kerstenite, 697, 873 
Klockmannite, 771 
Kobaltbleierz, 787 


L 

Lac sulphuris, 29, 30 
J^’acide iiydrosulfureux, 160 
Lanthanum ammonium selenate, 872 

-sulphite, 302 

-cuprous disulphite, 302 

-dithiosulphate, 649 

—— dithionate, 594 

-hydroselenite, 831 

-dihydrate, 831 

-hydroxytetraselenite, 831 

-potassium selenate, 872 

-sulpliite, 302 

-selenate hexahydrated, 872 

-decahydrate, 872 

-selenite, 831 

-sodium selenate, 872 

-- sulphite, 302 

-tetrahydropentaselenite, 831 

-uranyl sulphite, 309 

Lapis ardene, 1 

Lead ammonium trithiosulphate, 551 

-barium thiosulphate, 552 

--— benzylsulpliinate, 163 

-bismuth sulphoselenides, 921 

-csesium ditmosulphate, 552 

-trithiosulphate, 552 

-calcium trithiosulphate, 652 

-chambers, theory of, 872 
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Lead cupix)us cobalt selemdc, 800 
~ (iithiosulphate, 562 

-dihydroxyditbionate, 595 

dioxyselenate, 874 
-diaelenide, 78(> 

— dithionate, 594 

" formaldehyde hvdrc)sulphox\late, 162 
“ hydraznie thiosulphate, 551 

— lithium dithiosulphate, 551 

— oxydiselemtoplujabate, 833 

-- oxydithionate, 596 

-oxyselenatc, 874 

-pentathionate, 628 

— peimilphate, 480 

- tnhydrato, 480 

-platinous tram sulphitodianirninosuh 

phito, 321 

potafesiuin tnthiobulphate, 552 
—pyrosulphate, 447 

— rubidium tritluosulphate, 652 

— solenate, 873 

-selenide, 786 

—— selenite, 833 

— sodium heptuthiosulphate, 551 

— -pentathionate, 028 

-pentathiobulphate, 552 

tetrathiosulphate, 562 

--tnthiosiilphate, 551 

strontium thiosulphate, 552 
~ sulphite, 303 

— tc rahvdroxydilhionate, 595 

— tetrathionate, 019 
-thiosulphate, 550 

—— tiiselenitodecairioly bdate, 830 
trithionate 009 
Lerbadiito, 694, 788 
Leviglianitf, 780 

Litluum ammonium m disulphitotetram 
miuocoba Itate, 317 

-cobaltous tiisulphite 314 

-cuprous sulphite, 275 

— thiosuljihate, 530 

-decahydropcnlaselcnitod udei a v ana 

date, 835 

diselenitopentamolybdetc, 837 

— - disulphurvliodide, 090 

— dithionate, 581 

— divanadyl hexasulphite, 305 
-fluosulphonate, 685 

-- hoxabromoselenate, 901 

— bydrosulphite, 260 

-hyposulphite, 181 

-lead dithiosulphate, 551 

■-octosulphate, 447 

-pentarnolybdatodisulphite, 307 

-persulphate, 476 

-potassium sulphite, 260 

-selenato, 855 

-selemde, 76b 

-selemto, 821 

-tetritatrihydrate, 821 

-Holenotnthionate, 926 

- silver dithiosulphate, 637 

-- sodium selenato, 856 

-sulphite, 260 

-sulphite, 260 

-thallous dithionates, 594 

-thiosulphate, 514 

Lupus erythematosus, 641 
Lux (luces), 726 


! M 

Magnesium ammonium persulphate, 479 
— solenate, 863 
— sulpJute, 286 

--thiosulphate, 546 

barium dithionate, 692 
— bishexaethylenetetraaminopersul 
phate, 479 

~ bishexamothylenetotiaminotetrathlo 
nate, 619 

— csesiurn selenate, 864 
-thiosulphate, 545 

-dithionate, 591 

hydrochoxydisolenophosphate, 932 
hydroHclenide, 770 

— by droselenite, 820 

— tetraJiydiate 826 

-— bydrosulphite, 285 

hyposulphite, 182 
persulphate, 479 
potassium persulphate, 479 

— — selenato, 864 

— -hexaliydi ate, 864 

— — tetrahydrate, 864 

- thiosulphate, 545 

-pyrosulphate, 44 7 

— rubidium selenate, 864 
-thiosulpliate, 545 

— selenate, 863 
-lieptaliydrate, 803 

--hexahydrate, 8()3 

-selenatosulphate, 929 

— — selenide, 775 

selenite, 820 

- diliydrate, 820 

— — heptahydiatt, 820 

hexahydrate, 826 

- monohydrate, 820 

-trihydrate, 82() 

— selemurn trioxyoc toe hloi ido, 910 

— bodium persulphate, 479 

— sulpliatobelenate, 929 
sulphite, 286 

-hexahydrate, 285 

— — trihydrate, 285 
totiahydrotnselenite, 826 

— - - trihydrate, 826 
thallous selenate, 871 

-thiosulphate, 646 

— tiithionate, 609 

Manganese ammonium ditluonate, 696 

- bishexamethylenotetramiuopersul- 

phate, 480 

-dihydroxydisulphite, 310 

— dithionate, 696 

-hexahydrate, 696 

-trihydrate, 596 

--hydroselenite, 838 

-bydrosulphite, 310 

-monohydrate, 310 

- -trihydrate, 310 

-hydrotetrathionate, 619 

-oxyselemde, 780 

- persulphate, 480 

-potassium selenatosulphate, 930 

-selenide, 799 

-- -- sulphatoselenate, 930 

-pyroselemte, 838 

-- hemihydrate, 838 
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Manganese selenaie, 878 
-dihydrate, 878 

— --pentahydrate, 878 

-selenide, 798 

-selenite, 838 

-dihydrate, 838 

--monohydrate, 838 

- sulphite, 309 

-hemipentahydrate, 309 

-tetrahydroxypentaaulphite, 310 

-henahydrate, 310 

__—- octohydrate, 310 

Manganic diselenite, 839 

-oxydiselenite, 839 

-potassium selenatosulphate^ 930 

-selenium alum, 880 

-sulphatoselenate, 930 

--tetraselenate, 880 

-sulphite, 309 

-tetraselenite, 839 

-triseleuite, 839 

Manganous ammonium selenate, 878 

-sulphite, 311 

-otesium selenate, 879 

-hydrazinodihydrosulphite, 310 

-platinous <ran«-sulphitodiamminosul- 

phite, 321 

-potassium hexahydmte, 878 

-selenate, 879 

--sulphite, 311 

-trisulphite, 311 

-rubidiumselenate, 879 

-sodium pentasulphite, 311 

-sulphite, 311 

-trithiosulphate, 666 

-thallium sulphite, 311 

-thallous selenate, 879 

-thiosulphate, 666 

Matches, 1 

Mercuric amminosulphite, 292 

-amminoxysulpWte, 292 

-ammonium bromosulphite, 296 

-chlorosulphite, 292, 296 

-pentathiosulphate, 648 

-sulphite, 292, 294 

-bariiun sulphite, 300 

-cupric sulphite, 300 

-dihydropentoselenite, 828 

-dioxyselenate, 868 

-diselenodibromide, 914 

-diselenodichloride, 914 

-diselenodifluoride, 914 

-diselenodi iodide, 914 

-dithionate, 593 

-enneaselenite, 828 

-hydroselenita, 823 

-hydrosulphite, 292 

-hydroxyamidoselenate, 869 

—— oxydiselenide, 780 

-oxymercuriammonium sulphite, 296 

-oxysiilphite, 294 

-oxytetrasulphite, 296 

-oxytriselenite, 828 

-potassium bromosulphite, 300 

-chlorosulphite, 300 

-hexathiosulphate, 548 

-octothiosulphate, 648 

— --oxydisulphite, 296 

-monohydrate, 296 

-oxytrisulphite, 296 


Mercuric potassium sulphite, 296 

-monohydrate, 296 

-tetrathiosulphate, 648 

-selenate, 868 

-monohydrate, 868 

-selenide, 778 

-selenite, 828 

-selenochloride, 779 

-solenotritliionate, 928 

-silver sulphite, 300 

-sodium chlorosulphite, 296 

— -diiododithiosulphate, 649 

-oxydisulphite, 296 

-selenite, 829 

— -thiosulphate, 648 

-trisulphite, 296 

-strontium sulphite, 300 

----thiosulphate, 649 

-sulphite, 291 

-sulphoselenide, 780 

-tetramrainopersulphate, 479 

-tetramminosulphite, 292 

-tetraselenodibromide. 914 

-tetraselenodichloride, 914 

-thiosulphate, 547 

-trioxybisdithionate, 593 

-trioxytetraselenite, 828 

-trithionate, 609 

Mercurius philosophomm, 331 

Mercurosic sulphite, 289 

Mercurous ammonium persulphab?, 480 

-cuprous octothiosulphate, 649 

-dithionate, 693 

-hydroselenite, 828 

-oxydiselenite, 828 

-pentahydrate, 828 

-oxyhexaselenite, 828 

-oxypentaaelenate, 868 

-selenate, 868 

-selenide, 778 

-selenite, 828 

-sodium thiosulphate, 548 

-sulphite, 287 

-tetraselenite, 828 

—— thiosulphate, 647 

-triselenitodecamolybdate, 836 

-trithionate, 609 

Mercury disulphitotetramminocobaltate, 
317 

-glance, 780 

-sulphoselenide, 919 

-superphlogisticated, 206 

Metadisulphuric acid, 360, 444 
Metfisulphoxylic acid, 166 
Metasulphuric acid, 367 
Metasulphurous acid, 238 
Methyl sulphone, 162 

-sulphoxide, 161 

Milk of sulphur, 30 
Mists, chemical, 401 
Molybdatosulphites, 307 
Molybdenum diselenide, 797 

-hemipentaselenide, 797 

-hemitriselenide, 797 

-tetrathionate, 617, 619 

-- thiosulphate, 656 

-triselenide, 797 

-trithionate, 607 

Molybdomenite, 694, 833 
Monoselenotetrathionic acid, 926 

3 P 


vail. X, 
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N 

Naurnannite, 771 

Neodynuum ruproiiB disulphile, 302 
~ — ditliiosulphate, 550 
selenate, 872 

- - dodecahydrato, 872 

-octoliydrate, 872 

---pentahydrate, 872 

- - aelenito, 831 

—— uranyl snlphito, 309 
Nickel ammonium ditliioiiato, 598 
--persulphate, 480 

— -aolenato, 887 

--— sulphite, 319 

-bishexamethyJonedianiinot otral hio- 

nate, 620 

-bishexainethy Ion e t e t ra m i n o p e rs u l- 

phate, 480 

-Cflpsiiim aolenato, 889 

— ~ diliydrazinoaulphite, 319 

-dihydroxydisulphite, 319 

~ — diselenide, 801 

-disulphitotetramminocobaltate, 317 

—— dithionate, 598 
—— hemiaelenide, 801 

-hemitriselenide, 801 

--hexamminodithionato, 598 

-hexarnminoporsulphato, 480 

-hexamminoselonate, 887 

-hexamminototrathionate, G19 

~ hydroselenite, 841 
-oxyselonide, 780 

— pentitahexasolenide, 801 

-platinoua /raa^-sulphitodinmminosul- 

phite, 321 

— - potassium nitrosylthiosulphate, 558 

-pereulphate, 481 

-selenato, 888 

-selenatosulphate, 930 

— -sulphatoselenate, 930 

-rubidium selenate, 888 

-selenate, 887 

-selenide, 800 

^ - selenite, 841 

--- dihydrato, 841 

— -liomihydrate, 841 

- - sodium heptathiosulphate, 557 
-persulphate, 481 

— - sulphite, 318 

--tetrahydrate, 318 

-tetramminothiosulphate, 557 

-tetrapyridinot-etrathionate, 020 

-tetraselonite, 841 

-tetrathionate, 619 

-tetritatrihydrazinosulphite, 319 

-thallous selenate, 889 

-sulphite, 319 

-thiosulphate, 557 

-triamminosulphite, 319 

—- trihydrazinoaithionate, 698 

-trihydtazinosulphite, 319 

--tritatetraselenioe, 801 

-trithionate, 609 

Nitrogen hydrototrasulphatopentoxide, 345 
-selenide, 788 

Nitroeyl chloroanhydrosulphate, 345 
Nordhausen sulphuric acid, 361 


O 

Oleum, 351 

-giaeiale vitroli, 332 

-sulphuris, 332 

Oriofrite, 694, 780, 919 
Orthosulphoxylic acid, 165 
Orthosulphuric acid, 357 
()rtho8uli>hurou8 acid, 238 
Osinic barium sulphide, 324 

-potassium decasulphide, 324 

-- tetradecasulphite, 326 

-silver sulphide, 324 

Osmious potassium dihydropentasulphite, 
324 

- — sulphite, 324 
Osmium diselemde, 802 

-monosolenide, 802 

potassium disulphite, 324 
— sodium sulphite, 325 
Oxyacids of sulphur structure, 178 
Oxysulphoseleiiiurn compounds, 922 


P 

J^alladious ammonium selenate, 890 

-selenate, 890 

Palladium selenide, 801 
—— tetritaselenido, 801 
Palladous ammonium sulphatoselenate, 930 

-sodium tetrasulphite, 326 

Paradisulphuric acid, 360 
J^arasulphuric acid, 357 
Penroseite, 697, 800 
I^entathionates, 626 
l^entathionic acid, 621 

-anhydride, 623 

Pordisulphates, 475 

-preparation, 453 

-properties, 459 

Perdisulphuric acid, 449 

*-- preparation, 453 

—-properties, 459 

Pernionosulphates, 482 
Fermonosulphuric acid, 449, 482 
Peroxydisulphates, 460 
i^eroxymonosulphates, 460 
Poroxysulphates, 450 
Ferselonic acid, 852 
Persulphates, 476 
Poraulphuric acid, 419, 448, 449 
Perpyrostilphates, 465 
Phenyl sulphonic acid, 239 
Philosopher’s salt, 331 
l^hlogisticated sulphuric acid, 187 
l^hosphorus diiodotriselenide, 791 

-disulphoselenide, 922 

-ditritanhydrosulphatotetroxide, 346 

-hemiselenide, 790 

-hemitriselenide, 790 

-pentaselenide, 791 

-selenides, 930 

--selenoxide, 931 

-sulphosolenide, 791, 920 

-- tetracoaisulphotrhodide, 96 

-tetritaselenide, 790 

-tetritatriselenide, 790 

Platinic potassium oxydisulphite, 323 
-sodium oxydisulphite, 323 
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Platinic sulphite, 320 

-tetramminodisulphite, 321 

Platinous ammonhim cis-animoniuinrbloro- 
sulphitodiamieinOKulphite, 321 

- cia .(‘liloroammino^ulp h i t o d i a i n * 

Tuinosulphite, 

-— chlorodisulphito, 323 

-dichlorodifiulphito, 323 

--—- disulphite, 322 

--potassium chlorodisulphite, 323 

- —, -trichlorosulphito, 323 

--— rt«-8ulphitodiamnuno8ulpln t(', 

321 

-tro-a^-sulphitodiainminosulph i t o, 

320 

— —-totrasiilpliite, 322 

---- tnhydrate, 322 

-trirhlorohydrosulplute, 323 

-barium ns-sulphitodiamirunosulplnto, | 

321 

-/mtw^'Sulphitodiamminosulphit e, 

321 

—“ imn/»-f‘hlorammonio8ulphitodiammino, 
320 

-C7>-ohlorohydro8uIphatodiammine, 321 

-trans-ohlorohydrosulpliitodiammiuo, 

320 

-cobaltous ^mn«-8ulphitodiammino8ul- 

phite, 321 

-cupric ^miw-sulphitodiamminosulpbite, 

321 

-dithionate, 698 

-. hydrosulphito, 320 

-lead tm«^-sulphitodiamraiii 08 uljdutc, 

321 

mauganous t/ana-sulpbitodiammino« 
sulphite, 321 

-nickel/rajw-sulpb it odiarnminosulpbite, 

321 

-pentachlorosulpliite, 323 

— potassium decasulphifce, 323 

--tetrasulpliitc, 322 

-— trichlorosulphito, 323 

-— silver eta-sulphitodiamminosulphito, 
321 

-— <m#wr>8uIphitodiamminosuIphite, 

321 

--sodium disulphite, 322 

--heptatluosulphate, 668 

-pentafchiosulphate, 668 

-cMf-sulphitodiamminoKulphite, 

321 

-tma#-8ulphitodiammino8ulpliit e, 

320 

-tetrathiosulphate, 568 

-- sulphite, 320 

-tmns-sulphitodiammine, 320 

-tetrammmobishydrosulphite, 321 

-dihydrate, 321 

-tetrahydrate, 321 

-tetrammmodihydrotrisulphite, 322 

-tetramminodisulphite, 321 

-- tetramminosulphite, 321 

-triamminosulphite, 321 

-uranyl tram - sulphitodiamminosul* 

phite, 321 

-zinc trantf-siilphitodiamminosulphite, 

321 

Platinum dipropylsulphinoditiiiosulphate* 
558 


Platinum diselenide, 801 

— sclonide, 801 

-trisalemdo, 802 

Plntyiuto, C94, 796 
Polysulphates, 447 
Polythiome acids, 563 

— constitution, 670 
leactions of, 669 

J'otassium alummium seleuato, 869 

— — decamolybdtttotnsolplute, 3t>7 

— platinous chlo^odiMilpliitc, 323 

- _ — Inchloro'julphitc*, 323 

- selcuatoKulphot<‘. 930 

- - sulphaloselenolc, 930 

' trisokmitodocaiuols hdato, 836 

-ammonium Kulphito, 270 

anfuuouious tluosul[)hate, 653 
aquopeutftsul}>hitosmatP, 325 

— Hisoruous tliTosulpluitf', 563 

— - ~ auric oetosulphite. 281 

-tetramminohoxasulphite, 281 

™- aurous disulphite, 281 

-— beryllium trisulphitc, 286 

— bihiuiitli thiosulphate. 654 

— broiuo])vroReleTut'0, 913 

-cadmium octothiosulphatc, 547 

--- persulphate, 479 

- - — sclonate. 868 

— --lioxahydrate, 868 

-- - solcnatosulphatc, 930 

--sulphatoselenate, 930 

-sulphite, 287 

_ --tetrathiosulphato, 647 

— - calcium selenato, 862 
-thiosulphate, 641 

— ~ cerous sulphite, 302 
-c'hlorop 5 Toaelonito, 913 

~ cbromatosclenato, 876 

-chromic oxysulphite, 306 

--solenate, 876 

-- selenide, 797 

— --chromium selenatosulpJiate, 930 

--sulphatoselenate, 930 

- cobalt persulphate, 480 
-robaltic sulphite. 315 

— - - cobaltous disulphite, 314 

--hexasulphitodicobaltate, 315 

--Hclenate, 884 

-- selenatosulphate, 930 

-sulphatoselenate, 930 

— copper selenatosulphate, 929 

-sulphatoselenate, 929 

-cupric selenate, 859 

-thiosulphate, 634 

--trisulphito, 276 

-cuprosic heptasulphito, 278 

--- liexasulphite, ^278 

-tetrasulphite,'278 

- cuprous amminotrithiosulphate, 635 

(trilpotasRium cuprous dihydrotrisulphite, 
276 

--dithiosulphate, 634 

--sulpliite, 276 

— -- tetrathiosulphate, 635 

(tetra)TX)ta8sium cuprous trihydrotetrasul- 

phite, 276 

-- trithiosulphaie, 634 

...-dihydrate, 531- 

-- tetrahydrate, 634 

--— --- trihydrate, 634 
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Potafisium decahydropentaselonitododeca- 
vanadato, 835 

-docahy (irotet rasolenit ohexava n a d a t e, 

834 

-decamolybdatotrisulphite, 307 

- * didymiurn sulphite, 302 
-diferrisulphatototrasulphite, 313 

- difluoditlxioiiaie, 599 

-dihydrohexasuJpliitosmate, 325 

—dihydrotetra^hlorotetrusulpliito, 325 

-dihydrotetraaeleiiitohexav’^ariadato, 835 

-diselenitododocainolybdaits 837 

- diselonitopentamolybdate, 837 

-- dihydrato, 837 

--pentahydmt€‘, 837 

- - rv^-disulphitotetramtuino('obaltate,317 

-- - dithionate, 584 

- - diiiranyl disuliiliite, 308 

-enneahydrododeoaHolcrufohexa v ena- 

date, 835 

ferric dioxydihydrotrisulplute, 312 
--dioxytrisulphito, 312 

--selenatosulphate, 930 

- sulphatoselenato, 930 

- forriaulphatodisulpbit c, 313 

- ferrisulphatosulphite, 312 
-ferrosic sulphite, 312 

- - - ferrous persulphate, 480 

--selenate, 881 

— dihydrate, 881 
. - hexahydrate, 881 

-selenatosolonate, 930 

™ sulphatoselenato, 930 
— - tluosulphonate, 085 

- ' hemioosihydrodecaHolonitohexavana¬ 

date, 835 

heptadocahydroctoselenit oh o x a n a- 

date, 835 

— heptanhydrosul[)hato8ulphato, 345 

- hexabromoselenat e, 901 

-hexahydrotetrasolonitohoxavanadat o, 

835 

- hexaaeleiiitohepc;adecajnoIybdate, 830 

- hexathionate, 028 
liexavanadyl tetrasulphite. 305 

— liydrodifluodiselenate, 903 
-hydropyrosulphate, 440 

hydi’osolenate, 858 

— hydroselenatouranate, S77 
-hydroselenide, 708 

liydrosolenite, 822 

— - hydroselenophosphite, 931 
™ - hydrosulphite, 209 

-hydrototraselenitoliexuvanadato, 835 

—— hypos ulpliito, 182 

— — laiithanuni selenate, 872 
-— sulphite, 302 

-lead trithiosulphate, 562 

-lithium sulphite, 260 

--magnesium hexahydrate, 804 

— pt^rsulphate, 479 

-- selenate, 804 

— _ tetrahydratc, 864 

— - thiosulphate, 645 

-manganese selenatosulphate, 730 

„ -selonide, 799 

_—-sulphatostdenate, 930 

— manganic selonatosulfihate, 930 

--selenium alum, 880 

-sulphatoselenato, 930 


Potassium manganic tetrasclenate, 880 

— - manganous selenate, 878 

-- -hexahydrate, 879 

- - sulphite, 311 

-tnsulpViite, 311 

-- mercuric bromosulphite, 300 

-- ohlorosiilphito, 300 

-hoxathiosulphate, 548 

- --octothiosulpbate, o48 

--— oxydisulphito, 296 

_ - monohydrate, 290 

-oxytrisulphite, 296 

- sulphite, 296 

__— rnonohydrate, 296 

„- feet rat hiosulphat/e, 548 

— - motasclcnoarsonate, 874 

inonoselenothiosulphate, 926 

— - monoselenotrithionaie, 927 

— nickel nitrosylthiosiilphate, 558 

~ - persulphate, 481 

- -selenate, 888 

--selenatosulphate, 930 

sulphatoselenato, 930 

— nitroxylsulphate, 345 

- - icosihydrodecaselenitohexavanadate, 

835 

jodosulphonate, 089 

- indium chlorotrisulphito, 324 

pentaehlorodisulphite, 324 
tetrachlorotrisulphite, 324 
_ _ — trisulplute, 324 

- iridouH sulphite, 323 
-iron diselenide, 800 

- octosulphate, 447 

-ortlioselenoantirnonite, 834 

-osmie docasulphide, 324 

-tetradecasulphide, 326 

- ' osmious dihydropentasulphite, 324 

osmium disulphite, 324 

- oxynitrosotetrasulphite, 326 
oxytriselenophosphate, 932 
pentacyanidothiosulphate, 567 

— pontarnolybdatodisulphite, 307 
pentaselenatodiarsoriate, 875 

- pontasolenatodiphosphato, 932 
pontaselenide, 768 

- pentatliionate, 027 
perselenate, 852 
persulphat/O, 477 

- platinic oxydisulphite, 323 
“ platinous dec*a8ulphite, 323 

- - - tetrasulphite, 322 

- — dihydrate, 323 

-- tetrahydrate, 323 

— trichlorosulphite, 323 

-pyroselenate, 858 

-pyroselenite, 823 

pyrosulphate, 446 
pyrosulphite, 329 
rhodium trisulphite, 326 
ruthenium oxyoctosulphite, 326 

- - ruthenous disulphite, 326 

- - - samarium selenate, 872 

selenate, 856 

- sclenatoaluminate, 869 
solenatoarsenate, 875 

- selenatochroinate, 876 

- selenatomonoiodate, 914 
selenatophosphate, 932 
holonatosulpliate, 925 
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Potassium solenatothallate, 871 

-selenatotriiodate, 914 

-selenide, 787 

-enneadecahydrafe, 767 

-enneahydrate, 767 

-tetradecahydratc*, 767 

-selenite, 822 

--monohydrate, 822 

-selenitometavanadal e, 835 

-selenitomolybdate, 837 

-selenium oxytricliloride, 910 

-aelenodiphosphite, 931 

— — selenopliosphide, 930 
--—- selenomolybdate, 797 

-selenoselenate, 925 

-- selenostannate, 786 

-selenosulphostannate, 921 

-selenotetrantinionite, 834 

-selenoxanthate, 783 

-silver amininoctothiosulphat c, 539 

- —— octotliiosulphate, 539 

---sulphite, 280 

-tetrathiosulphate, 539 

-tritamminothiosulphate, 539 

-sodium chlorothiosulpliate, 529 

-hydrosulphito, 271 

-sulphite, 271 

-thiosulphate, 529 

-strontium thiosulphate, 54 i 

— - sulphite, 268 

-dihydrate, 268 

-monohydrate, 268 

-sulphoselenoantirnonito, 922 

-sulphoselenoarsenate, 921 

-sulphuryl bromide, 689 

-chloride, 689 

-nitrate, 689 

-thiocyanate, 689 

-tetradecasulphuryliodide, 690 

-tetrahydrodiselenatouranate, 877 

- tetrahydrosulphitopyrosulphito, 331 

-tetrahydrotriselenatoura n y 1 u r a n at e, 

878 

-tetraselenide, 768 

-tetrathionate, 617 

-tetrauranyl penteisulphite, 308 

-thallic selenate, 871 

-thallous dithionates, 594 

-thorium hydroxysulphite, 303 

-trihydrocMiuohenasulphitosmate, 325 

-trihydrodiselenite, 823 

-trioxypentaselenodiarsenato, 874 

-triselenide, 768 

-triselenotrithiophosphite, 931 

-tritkionate, 607 

-triuranyl disulphite, 308 

-triovanadyl disulphite, 305 

-uremyl disulphite, 308 

-hydroxysulphite, 309 

-selenate, 877 

-selenite, 838 

-vanadyl disulphite, 305 

-zinc hyposulphite, 183 

-persulphate, 479 

-— selenate, 866 

-dihydrate, 866 

-hexahydrate, 866 

-selenatosulphate, 930 

-sulphatoselenate, 930 

-sulphite, 286 


Potassium zinc thiosulphate, 546 
Praseodymium cuprous disulphite, 302 

~ -dithiosulphate, 550 

— diliydrotetraselenite, 831 

-dithionate, 594 

-selenite, 831 

-uranyl sulphite, 309 

J^seudocatalysis, 673 
Purpureochromic dithionate, 596 
Pyroselenitos, 820, 822 
Pyrosulphates, 440, 444 
Pyrosulphitos, 327 
Pyrosulphoxylic acid, 163 
Pyrosulphuric acid, 351, 357, 444 
J‘yrosulphurous acid, 327 
l*yrosulphuryl chloride, 678 


R 

Rare earth molybdatosuJphites, 307 

-thiosulphates, 549 

Rhaphanosmite, 788 

Rhodium brownish-red bodmm sulpliite, 326 
potassium trisulphitc, 32G 

- - sodium sulphite, 326 

-- trisulphite, 325 

Rhodochromicdithionate, 596 
Roiigalite, 163 

Rubidium aluminium selenate, 869 

-barium dithionate, 591 

-bismuth thiosulphate, 554 

- cafimium selenate, 868 

— chloropyroselenito, 913 

- - - chromic selenate, 876 
-cobalt selenate, 885 

- copper selenate, 860 

-- cuprous dithiosulphate, 535 

-tetrathiosulphate, 635 

— -trithiosulphates, 536 

-difluodithionate, 599 

-diseleiiitopentamolybdate, 837 

-dihydrate, 837 

-pentahydrate, 837 

-ci»-di8ulphitotetramminocobaltate,317 

-ditliionatc, 586 

-hemihydrate, 686 

-divanadyl trisulphite, 305 

-ferrous selenate, 881 

-fluosulphonate, 685 

-hexabromoselenato, 901 

-hydrodifluodiselenote, 903 

-hydroselenate, 868 

-hydroselonite, 823 

-hydrosulpliite, 270 

-hyposulphite, 182 

-lead trithiosulphate, 662 

-magnesium selenate, 864 

-thiosulphate, 545 

-manganous selenate, 879 

-nickel selenate, 888 

-octosulphate, 448 

-pentamolybdatodisulphite, 307 

-persulphate, 477 

--pyrosulphate, 446 

-selenate, 867 

-selenatoaluminate, 869 

- selenatoai'senate, 875 

-selenatochromate, 876 
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Rubidium solenatoferratc, 882 

-solenatophoHpbato, 022 

-- selenototriiodate, 914 

— - Helenitc, 822 

Hcleniiim oxytriohlorido, 910 
" — selenosulpliate, 925 

— ~~ selenotrithionato, 928 

-silver amminodiihioaiilpbato, 539 

-amrninuheptatliioKulphate, 639 

— --tiithiosiilphate, 539 

-sulphite, 270 

--hemialooholate, 270 

-tetraaulf)huryliodide, (>9J 

-tetratliionate, 018 

- thiosulpliate, 529 

—" trihydrodiseleuite, 823 

-trisulphuryliodide, 090 

--trithionate, 608 

-zinc selenate, 800 

Rubiesite, 094, 790 
Ruthenium diaelenidc, 802 

— - inonoselenide, 802 

-potassium oxyodosiilphite, 320 

sodium hydrosuJphite, 320 

--oxyoctoKul]>hitt', 320 

-tribulplate, 320 

Ruihenous di< hioriate, 599 
-potasbiiiin disiilpliito, 32() 


S 

Sal philoHophorum, 331 

- sulphnratum Stall hi, 208 

-volatile olei vitrioli, 332 

Samarium ammonium soh^nate, 872 

-dibydrototraselenitc, 831 

-oxyoctoselenite, 831 

-potassium selenate, 872 

-selenate octoliydrated, 872 

--- dodeealiydrate, 872 

-selenite, 831 

-sulphite, 302 

Sanocrysin, 541 

Scandium ammonium sulphite*, 302 

-hydroxythiofiulphatn, 549 

-sulpliite, 302 

Sc'hwefel, 1 
Seebachite, 694 
Selenates, 853 
Selenatobaric acid, 863 
Selenatodisulphuric acid, 925 
Selenato-Glauber’s salt, 855 
Selenatomolybdic acid, 877 

-liexoxide, 877 

-dihydratc. 877 

Selenatoftulphates, 929 
Selenatosulphuric* acid, 924 
Selenato-th^nardite, 855 
Selenatouranic acid, 877 
Selenatovanadic acid, 875 
Selenblei, 787 

-mit selenkobalt, 787 

-selenkupfer, 788 

-selenquecksilber, 788 

Selenbleiglanz, 787 
Selenbleikupfer, 788 
Selenic acid, 843, 844 

-monohydrate, 846, 847 

-tetrabydrate, 847 


Selenides, 764, 705 
Selenious acid, 813 

--properties, chemical, 816 

. _ -pliysical, 814 

Selenitcs, 820 
Seleiiitornoiybdic acid, 836 
Sclenitovaiiadates, 834 
Selenitovanndic acid, 834 

. --decahydrate, 834 

-dihydrate, 834 

- - lioxahydrate, 834 
Selenium, 093 

- ullotropes, 700 

— amorphous, 701 

-- antimony dioxyenneachloride, 906 

— — atomic number, 754 
-weight, 753 

-boride, 780 

-bridge, 725 

-bromodiiiitridc, 900 

-calcium trioxyoctochloride, 910 

-cell, 725 

-liard, 725 

-soft, 725 

chemical reactions, 751 

— chlororutride, 895 

-{‘olloidal, 702 

-dicliloride, 893 

-dioxide, 808, 809 

-- - monohydrated, 813 

--properties, eliemical, 811 

--- physical, 810 

-dioxydicliJondo, 911 

— - dioxydihydrochJoride, 913 

-dioxypentah> ilroOuoride, 912 

-dioxytetraliydrocJiloridc, 913 

—— disulphide, 910 

— -colloidal, 917 

-electronic structure, 754 

-ethide, 902 

- extraction, C9G 

“— - ferric dioxyhoptacliloride, 910 
-glassy, 701 

— glycerol sols, 704 
— — halides, 892 

-hemitrioxide, 809 

--hexachloride, 893 

-liexafluoride, 892 

-history, 693 

—— hydro<iioxyiodide, 913 

— hydrosol, 702 

-in sulphuric acid, 371 

-isotopes, 754 

-magnesium trioxyoctochloride, 910 

—metallic, 705 . 

-monobromido, 900 

-rnonochloride, 893 

--monoclinic, 704 

-a-, 704 

-704 

-monofluoridc, 892 

-monoiodide, 901 

-monosulphide, 917 

-monoxide, 808 

-nitride, 788 

-occurrence, 693 

-oxides, 808 

-.oxydibromide, 911 

-hydrated, 913 

-oxydichloride, 903, 913 
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Selenium oxydicbloride liydratod, 913 

-monoh^^drate, 904 

-oxyfluorido, 903 

-oxyhalides, 903 

phosphides, 930 

-physiological action, 752 

-potassium manganic alum, 880 

-oxytrichloride, 910 

-properties, chemical, 746 

-physical, 710 

-purification, 696 

-rubidium oxytrichloride, 910 

-sesquioxide, 809 

-stannic dioxyoctochloride, 910 

-sulphides, 9i5 

-sulphite, 306 

-sulphopentoxide, 924 

-sulphotrioxide, 923 

-tetrabromide, 900 

-tetrachloride, 893, 898 

-tetrafluoride, 893 

—— tetraiodide, 902 

-totramminoxydichloride, 906 

-titanium dioxyoctochloride, 910 

-trioxido, 843 

-tritatetroxide, 809 

-unit, 725 

-uses, 754 

-- valency, 753 

-vitreous, 701 

Selenkobaltblei, 787, 800 
Selenkupfer, 769 
Selenkupferblei, 788 
Selenkupferbleiglanz, 788 
Selenochromyl chloride, 911 
Selenolite, 697, 809 
Selenomium, 753 
Selenophosphates, 930, 931 
Selenophosphites, 930 
Selenosilicon, 783 
Selenquecksilberblei, 788 
Selenqueckeilberbleiglanz, 788 
Selenschwelelquecksilber, 780 
Selensilbor, 771 
Selensilberbloiglanz, 771 
Selensilberglanz,' 771 
Selensulphur, 915 
Selentellurium, 796 
Selenwismuthglanz, 795 
Selenyl bromide, 911 

-chloride, 911 

-dichloride, 903 

Sesquisolenide, 784 
Silaonite, 694, 795 
Silicon diselenide, 783 
Silver amminoselenite, $24 

-ammonium chlorosulphite, 280 

-decahydropentaselenitododeca- 

vanadate, 835 

-dibromotetratliiosulphate, 540 

-dichlorotetrathiosulphate, 539 

-diiodotetrathiosulphate, 540 

-heptasulphite, 280 

-heptathiosulphate, 636 

-sulphite, 280 

-tetrahydroenneasulphite, 280 

-thiosulphate, 536 

-► trithiosulphate, 536, 646 

-barium trithiosulphate, 646 

“ bismuth thiosulphate, 664 


Silver csesiiim trithiosulpliatc, 539 

-cobaltouH hexahulphitodecobaltate,3I5 

-copper selenide, 773 

-diselenide, 771, 772 

--disulphitotetramminocohaltate, 317 

-hexabromoselenate, 901 

-lioxamineselenate, 861 

-hexaaulphitocobaltate, 315 

-iron selenide, 800 

-lithium dithiosulphate, 637 

-mercuric sulphite, 300 

-osmic sulphide, 324 

-pordisulpliate, 478 

-persulphate, 478 

-platinous cw-sulphito diamminosul- 

phite, 321 

- trans -sulphitodiamminosulp h i t e, 

321 

- potassium amminoctothio8uIphate,539 

-octotliioBulphate, 639 

-sulphite, 280 

--tetrathiosulphate, 639 

-triamminothiosulphate, 539 

-- pyroBulphate, 446 

—— - rubidium arnminodithiosiilphate, 639 

-- amminoheptathioKulphate, 539 

-trithiosulphate, 539 

-selenate, 861 

-selenide, 771 

-selenite, 824 

-selenoantirnonate, 876 

-selenosulphide, 773 

-sodium chlorosulphite, 280 

-cuprous liexamminoc to thiosul¬ 
phate, 539 

-dithionato, 588 

-enneathiosulphate acetylide, 540 

-henathiosulphati' acetylide, 540 

-heptathiosulphate, 538 

-monamininothiosiilpliate, 638 

-sulphite, 280 

-tetrathiosulphate, 538 

-tridecasulphite, 280 

-•trithiosulphate, 638 

-— diliydrate, 538 

-monohydrate, 538 

-strontium dithiosulphate, 545 

-sulphite, 279 

-sulphoselenide, 919 

-tetramminodithionate, 688 

-tetramminoselenate, 861 

-tetramminoselenite, 824 

--tetreimminosulphite, 280 

-tetrathionate, 618 

-thiosulphate, 536 

-triselenitodecamolybdate, 836 

-trithionate, 609 

Sodium aluminium selenate, 869 

-ammonium cuprous hexarnminocto* 

thiosulphate, 533 

-hydrosulphite, 270 

-antimonious thiosulphate, 563 

-aquodisulphitotriamminocobaltate,318 

-dihydrate, 318 

-hexahydrate, 318 

-trihycLrate, 318 

-aquopentasulpitosmate, 326 

-arsenious hyposulphite, 183 

-thiosulphate, 662 

-arsenothiosulphate, 552 
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Sodium aurio sulphite, 281 
“ “ auxouB disulpbite, 280 

-dithiosulphate, 540 

-—_ dihydrate, 541 

---peiitahydrate, 541 

--heptathiosulphate, 541 

-barium dithionate, 591 

-benzylsulphinate, 163 

-bismuth thiosulphate, 553 

-brownish-red rhotliiiin sulfdiito, 326 

-cadmium dithiosulphate, 547 

-hyposulphite, 183 

-persulphate, 479 

-sulphite, 287 

-calcium nitratodithiosulphate, 544 

-selenate, 862 

-thiosulphate, 544 

-cerous sulphite, 302 

-chloropentasulphitosinate, 325 

-chloropyrosulphonate, 681 

-chlorosulphonate, 688 

■- chromic selenate, 876 

-cw-disulphitodiethylenediaminocobal- 

tate, 317 

-trihydrate, 317 

-ci>-disulphitotetramminocohaltate,317 

-cobalt heptathiosulphate, 556 

-persulpliate, 480 

-tetrathioaulphate, 556 

-cobaltic aquopentamrniiiotrisulpluto, 

316 

-hexamminohexasulphato, 318 

-octamminohexasulphite, 318 

-pentamminotrisulphito, 316 

-sulphite, 315 

-siilphitopentarnminot nsu 1 p h i t o, 

316 

-cobaltous disulpbite, 314 

-cupric amrninoRulphite, 279 

-cuprosic* octosulphito, 278 

-pentamniinot e trat h i o s u 1 j) h a t e, 

635 

-pentasulphite, 278 

---hexahydrate, 278 

-octohydrate, 278 

-tetrainminotetrathiosulp}iate,53o 

-dihydrate, 535 

•-tetrasulphite, 278 

-cuprous broraodecathiosulphate, 533 

-bromopentathiosulphatc, 533 

-ohlorodithioaulphatoBulphid©,634 

-chloroj^ntathioBulphate, 533 

-decathiosulphate, 632 

-oiineahydrate, 632 

-hemipentadecahydrate, 632 

----Jiexahydrate, 532 

--o^toh.^ drate, 532 

-diamminodit liiosulphate, 532 

-dichlorotrithiosulphate, 533 

-disulphatoctothiosulphule, 534 

-dit hiof*yauat opentathiosulp hate, 

-- —— dithiosulphate, 532 

-dihydrate, 532 

-hernipentahydi’ate, 532 

--monohydrate, 532 

-dithiosulphatodisulphide, 534 

-L dithiosuiphatosulphide, 631 

—--dodeoathiosulphate, 532 

---dodecahydrate, 533 


Sodium cuprous ferrosic sulphite, 312 
(tetra)eodium (deca)cuprous heptasulphite, 
276 

-heptathiosulphate, 632 

---enneahydrate, 632 

— --hexahydrated, 532 

- --hydroctosulphite, 276 

“—-lodobromopentathiosulphate, 633 

--oc tochlorotetradecathiosulpha t e, 

533 

(}}exa)8odium (tetra)cuprous pentasulpliito, 
276 

-—— pentathiosulphate, 531, 533 

--- hexahydrate, 531 

-— octohydrate, 631 

----pentahydrate, 531 

-— silver hexamminoctothiosiilphate, 

539 

-sulphite, 276, 276 

--hemihenahj drate, 276 

— -tetrachloropentathiosulphate,533 

{hepta)sodium cuprous tetrasulphite, 276 

--totrathiosulphate, 632 

__ _ „ — dihydrated, 532 

---hexahydrate, 632 

-thiosulphate, 530 

(penta)sodium cuprous trisulphite, 276 
-trithiosulphate, 632 

— decahy dropentaselen ito dodecavana- 

date, 835 

decahy drotet raselenitohexavan a d a t c, 
835 

-hexahydrate, 835 

-decamolybdatotrisulphite, 307 

-liexadecahydrate, 307 

-decaselenitotetradecavanadate, 835 

-decavanadyl hexasulphite, 305 

— diammoniurn triselenatouranate, 878 
- dicadiniuin trithiosulphate, 54 7 

—- dichlorott.trasulphitosmate, 325 

-dif orndihy drosulphatotet ra 8 u 1 p h i t e, 

313 

-difluodithionate, 699 

--dihydrotrisolenatourauate, 878 

-diseleuide, 768 

-diselenitopentamolybdate, 837 

—— diselenodisulphoarsenate, 921 

— disulphitodiamminocobaltate, 318 
-disulphopersulphate, 481 

-disulphuryhodide, 690 

— dithionate. 583 

-dihydrate, 583 

-diuranyl’trisulphite, 308 

-dodecahydropentaselenitoho xavana- 

diite, 836 

-ermeathionate, 629 

-ethylsulphinate, 163 

— ethyl sulphoxylate, 162 

-ferrisulphatosulphite, 813 

-ferrous persulphate, 480 

-- thiosulphate, 566 

~ — fluo.sulphonate, 686 

-formaldehydehydrosulphoxylate, 162 

-formaldohydohyposulphiio, 173 

-bexahydrotetraselenitohexavana da to, 

835 

-hexoselenido, 768 

-hexasulphitosmate, 326 

-hydroselenite, 822 

-hydrosulphite, 267 
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Sodium hydrosulphite (formaldehyde), 162 

--hydroxymethsne eulphiiiate, 163 

-hydroxymethane sulphonate, 163 

-hyposulphite, 181 

-dihydrate, 181 

—" iodosulphonate, 689 

-iridium enneammmohexasulphite, 324 

-—_ trisulphite, 324 

—— lanthanum selenate. 872 

“-lead hoptathiosulphate. 661 

- “ pentathionate, 628 

——-pentathiosulphate, 662 

-tetrathiosulphate. 662 

-- -trithiosulphate, 661 

- lithium selenate, 866 

—;-sulphite, 260 

-magnesium persulphate, 479 

—manganous pentasulphite, 311 

-sulphite, 311 

-~ trithiosulphate, 655 

-mercuric chlorosulphite, 296 

— - —- diiododithiosulphate, 649 

-oxydisulphite, 296 

-selenite, 829 

-- thiosulphate, 648 

---- trisulpliito, 296 

-mercurous thiosulphate, 648 

-monoselenoxanthat e, 920 

-nickel heptathiosulphato, 657 

— -persulphate, 481 

—' — octosulphate, 447 

-octoxytriselenodiarseiiatci, 874 

-orthoselenoantimonite, 834 

-orthoselenoarsenote, 874 

" ■— osmictetrasulphite, 324 

-osmium sulphite, 326 

-oxynitrosotetrasulphite, 326 

' --— oxytetrasulphitosmato, 326 

-oxytriselenophosphate, 932 

-palladous tetrasulphite, 326 

-pentamolybdatodisulphite, 307 

-pentaaelenide, 768 

— - pentasulpliate, 448 
—— pentathionate, 627 
-persulphate, 476 

-* platinic oxydisulphite, 323 

-platinous disulphite, 322 

-heptathiosulphate, 658 

-m-Hulphi todi a m m i n o 6 u 1 p h i t e, 

321 

— -pontathiosulphate, 568 

--tetrathiosulphate, 668 

-^mn^-sulphitodiamminoaulp li i t o, 

320 

-potassium chlorothiosulphate, 629 

-hydrosulphito, 271 

-sulphite, 271 

'-thiosulphate, 529 

-pyrosulphate, 446 

-pyrosulphite, 328 

-rhodium sulphite, 326 

-ruthenium hydrosulphite, 326 

--oxyoctosulphite, 320 

--— selenate, 866 

-—— decohydrate, 865 

-seienatochromate, 876 

-selenide, 766 

-decahydrate, 767 

--enneahydrate, 706 

--hemienneahydrate, 760 


Sodium selenide hexadecaliydrate, 767 
- - selenite, 821 

- -— selenoantimonate, 876 
-selenomolybdate, 797 

- aolonostannate, 786 

-selenotetrantimonite, 834 

-selenotrithionate, 927 

- silver chlorosulphite, 280 

--dithionate, 688 

--enneathiosulphato acetylide, 640 

--heriathiosulphate ewjetylide, 640 

__—-heptathiosulphate, 638 

--monamminothiosulphato, 638 

-- - sulphite, 280 

--tetrathiosulphate, 538 

_ „ _ ^ thiosulphate, 538 

„— —-dihydrate, 538 

__ _ -monohydrate, 638 

-tridooasulphito, 280 

- - —— trithiosulphate, 538 

-sulphite, 260 

-decahydrate, 261 

-— heptaliydrate, 261 

-sulphodxselenide, 919 

-sulphotriselenoarsenate* 921 

- — sulphoxylato, 162 

“ sulphuryl bromide, 689 
-chloride, 689 

— -nitrate, 689 

-thiocyanate, 689 

- tetraselenide, 768 

—^ tetrasulphuryliodide, 690 

-tetrathionate, 617 

-dihydrate, 617 

-tetrauranyl pentasulphite, 308 

- thallous dithionates, 594 
-pentathiosulphate, 549 

--trithiosulphate, 649 

— - thiosulphate, 516 

--ddiydrato, 519 

-520 

--520 

--hemihydrate, 619 

-— hexahydrate, 520 

--— monohydrate, 520 

- --a-, 620 

-520 

-peutahydrate, 619 

-a-, 620 

- p.^ 520 

— -- tetrahydrate, 520 

— -tritatetrahydrate, 620 

-thorium hydroxysulphite, 303 

-^rarw-disulphitotetramrninocobaltate, 

318 

-tricadmimn tetrathiosulphate, 647 

-trihydrodiselenite, 822 

-trioxyselenoarsenate, 874 

-trioxyselenophosphate, 932 

-triselonide, 768 

-triselenitode(*amolybdato, 836 

-trisulphitocobaltete. 316 

-trisulphosekmoantimonate, 922 

-trisulphoselenoarsenato, 922 

-trisulphuryliodide, 690 

-trithionate, 607 

-tciuranyl disulphitc, 308 

-tri vanadyl disulphite, 305 

— uranyl disulphite, 308 
-hydroxysulphite, 309 
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Sodium vanadyl disulphite, 305 
-5!inc hyposulphite, 183 

— _ persttiphate, ^79 

Solfo, 1 

Soufre, 1 

-nacr6, 26 

Spiritus sulfuiis a< idus, 180 

-sylvestris, 180 

Stahl’s sulphur salt, 208 

Stannic disulphodode^jachloride, 647 

--disiilphotetraiodide, 065 

-hydroselenite, 833 

-octohydroxyhexaselenite, 633 

— -aelenide, 785 

-selenite, 832 

-selenium dioxyoctochloride, 910 

Stannous dithionato, 594 

-heptoxyfiithionate, 594 

—— hyposulphite, 183 

-selenide, 784 

-- tJiiosuIphate, 550 

Stannyl selenate, 873 
Steric hindrance, 240 
Strontium antimonious tliiosulphate, 553 

-bismuth thiosulphate, 554 

-cadmium tetratliioaulphato, 547 

-diaulphuryldiiodide, 691 

-dithionate, 589 

-hydrodioxydiselenophospliatc, 932 

-hydroselenite, 825 

-hyposulphite, 182 

-lead thiosulphate, 552 

-mercuric sulphite, 300 

-thiosulphate, 549 

-pentamolybdatodisulpliite, 307 

-persulphate, 478 

-polyselonide, 775 

-potassium thiosulphate, 544 

-pyrosulphate, 440 

-selenate, 802 

-selenide, 774 

-selenite, 825 

-silver dithiosulphate, 546 

*-sulphite, 283 

--hemihydrate, 283 

-tetrasulphuryldiiodide, 091 

-tetrathionate, 618 

--dihydrate, 618 

--hexahydrate, 018 

-thallous dithionatoH, 594 

-thiosulphate, 643 

— --monohydrate, 543 

-pentoliydrato, 543 

-trithionate, 609 

Sulfite Lulfure de soude, 485 
Sulfur apyron, 1 

-vivum, 1 

Sulphates, 440 

-acid, 440 

—— complex, 440 

-double, 440 

-triple, 440 

Sulphatoseienates, 929 
Sulphhyposulfate de potasse, 600 
Sulphides, 141 
Sulphinates, 163 
Sulphinic acids, 165, 238 
Sulphites, constitution, 234 
Sulphohydrates, 141 
Sulphones, 162, 16o 


Sulphoselenides, 919 , , . . m i 

Sulphoselenium ermeaoxyoctooJilonde, 9JI 
- tetrox.vdihromide, 911 
trioxytetrabromide, 911 

_trioxytetrachloride, 911 

Sulphosulphurous acid, 603 
Sulphulhionyl chloride, 036 
Sulfihoxylates,' 106 
Sulphoxylic acid, 161, 238 
Sulphur, 1 
^ - a-, 23 

- 24 
-y-, 25 

— 25 

-— 25 

-28 

- - 17 -, 28 

— 28 

-A-, 46 

-p-, 40 

-49 

— active, 59 

- allotropic forms, 23 

amorphous, 29 

atomic disintei^ration, 112 

-numlx^r, 112 

---weight, 110, 112 

- •— bacteria, 7 

-black, 33 

-blue, 34 

— bromides, 049 

-Bungo, 15 

-chlorid€‘S, 631 

—— colloidal, 29, 38 

-- solution, 38 

- cycle, 9 

-diamminodicliloride, 646 

-dibromide, 052 

-dichloride, 632, 644 

-dioxide, 186 

--analytical, 233 

-hexahydrate, 210 

-physiological, 242 

--preparation, 198 

--properties, chemical, 203 

--physical, 190 

-uses, 243 

-dioxydianhydrosulphace, 346 

-ditritaiodide, 653 

-earth, 14 

- Electronegative, 419 

-electronic structure, 131 

-electropositive, 419 

-extraction, 14 

-flowers of, 3, 19 

-fluorides, 630 

-heminitrosyl trioxide, 346 

-heptoxide, 448 

-hexafluoride, 630 

-hexaiodide, 655 

-history, 1 

-holoxide, 449 

-hydrate, 161 

-hydrated, 91 

-hyperoxide, 449 

-iodides, 663 

-isotopes, 112 

-metallic, 33 

-milk of, 30 

-monobromide, 649 
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SuJphijr inonoc'hloride, (>33 

— — rnonocliuic, 24 

--rnonofluoride, 630 

-moiioiodide, 653 

-monoxide, 162, 205, 566 

-Mtithmann’s—J, 23 

-- IT, 23 

-Ill, 25 

- IV, 27 

-nacreous, 25 

-nitroxyltrioxide, 345 

--occurrence, 4 

— octahedral, 23 

-oxyhalides, 678 

-oxy tetrachloride, 681 

-pentanhydrosulphatochloride, 344 

-pentoxide, 449 

-philosophorum, 331 

-physiological action, 104 

-prismatic, 24 

-properties, chemical, 87 

— physical, 53 

-pump, Frascli’s, 15 

-rhombic, 23 

-rhombohedral, 25 

— rock, 10 
-roll, 19 

-selenido, 796 

-sesquioxide, 184 

-solubility in hydrogen persulphide, 

159 

-tabular, 25 

-tetrabromide, 652 

-tetrachloride, 646 

-tetrafluoride, 630 

-tetramminodichloride, 646 

-tetroxide, 449 

-tetritadichloride, 635 

-thiogen process, 17 

-trigonal, 25 

-trioxide, 331 

-a., 340 

-jS-, 340 

-y., 340 

--diliydrate, 352 

-formation, 332 

--- hemihydrate, 351 

-hydrates, 351 

-monohydrate, 351 

-pentahydrate, 352 

— --tetritahydrate, 352 

- -trihydrate, 362 

-tritetrahy^ate, 352 

—— trioxytetrachloride, 681 

-tritadichloride, 636 

-tritatetraoliloride, 632 

-uses, 106 

-valency, 110 

Sulphuric acid, 351 

-analytical reactions, 441~2 

-arsenic in, 370 

— -chlorohydrated, 686 

--cascade system, 369 

-Gaillard's spray process, 369 

-Kessler's hot air process, 

369 

-constitution, 366 

-dihydrate, 362 

-tetrahydrate, 362 

-trihydiate» 362 


Sulphuric acid formation, 364 
— fuming, 361, 444 

- “ - history, 362 

— manufacture, 362 

^ ~ _ -chamber process, 362 

--contact process, 377 

— -lead chambers, 366 

— _ --theory of, 372 

-Nordhausen, 361 

— — occurrence, 362, 363 

--physiological action, 440 

-properties, chemicfd, 432 

-physical. 384 

-purification, 369 

--selenium in, 371 

-uses, 440 

-chlorohydrine, 686 

Sulphiirite, 5, 24 
Sulphurium, 1 
Sulphurum, 1 
Sulphurous acid, 186, 234 
Sulphury 1 bromide, 676 
— chloride, 666 

-fluoride, 665 

-halides, 665 

—- hydroiodide, 690 
-hyperoxide, 449 

— — iodide, 676 

-peroxide, 449 

-sulphate, 347 

-sulphates, 690 

SulphurvHum sulphate, 357 
Svafvel,‘ 1 


T 

Tantalum selenide, 796 

Tautomerism, 240 

Tollunuin ammonium sulphite, 306 

-anhydrosulphatotetroxide, 345 

— selenate, 875 

-- solenide, 796 

——- sulphotrioxide, 306 
Tetranhydrosulphatoohlorine monoxide, 344 
Tetraselenitohexavanadic acid, 835 

-- octohydrate, 835 

-tetraliydrate, 835 

Tetraselenitovanadic acid, 835 
Tetrasulphates, 448 
Tetratliionates, 610, 017 
Tetrathionic acid, 610, 611 
-anhydride, 611 

Tetrauranyl ammonium pentaaulphite, 308 

-potassium pentasulphite, 308 

-sodium pentasulphite, 308 

Thallic amminoselenate, 871 

-hydroselenate, 871 

-hydroxyselenate, 871 

-potassium selenate, 871 

-selenite, 830 

Thallium cobaltous sulphite, 314 

-hexavanadyl tetrasulphite, 305 

- QCtosulphate, 448 

-pentaselenide, 782 

-triselenide, 782 

-trithionate, 609 

Thallosic bromoselenate, 913 
-chloroselenate, 913 
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Thallosic selenide, 782 
Thallous aluminium eelenate, 871 
- antimonious thiosulphate, ftSS 

-arsenious thiosulphate, 55H 

-barium dithionates, 594 

-bismuth thiosulphate, 654 

-cadmium sulpliite, 302 

-chromic selenate, 830, 876 

-copper selenate, 870 

-cupric sulphite, 301 

--hexahydrate, 302 

-thiosulphate, 549 

--cuprosic sulphite, 302 

-dithionate, 693 

-ferrous selenate, 882 

-sulphite, 312 

-hydroselenate, 870 

-hydroselenite, 830 

-hydrosulpliite, 301 

■-- hydroxy dithionate, 694 

-lithium dithionates, 694 

-magnesium selenate, 871 

-manganous selenate, 879 

--sulphite, 311 

-nickel selenate, 889 

-sulphite, 319 

-perselenate, 852 

-persulphate, 480 

-potassium dithionates, 594 

•-pyrosulphate, 447 

-selenate, 870 

-selenatoaluminate, 871 

-selenatochromate, 870 

-selenide, 782 

-selenite, 830 

-sodium dithionates, 694 

-pentathiosulphate, 549 

-trithiosulphate, 549 

- strontium dithionates, 694 

-sulphatodithionate, 594 

-sulphite, 301 

-thiosulphate, 649 

-zinc selenate, 871 

-sulphite, 302 

Thiogen process, sulphur, 17 
Thionyl, 665 

-bromide, 662 

—— chloride, 666 

-chlorobromide, 664 

-fluoride, 666 

-halides, 656 

--- hemipentamminofluorido, 656 

-lieptamminofluoride, 656 

-iodide, 664 

-oxide, 184 

Thioperinonosulphiiric acid, 004 
Thioschwefolsaum, 485 
Thiosulphates, 514 

-constitution, 507 

Thiosulphuric acid, 485 
Thiozone, 36 
Thiozonides, 36 

Thorixim cuprous ditbiosulphate, 650 

-decahydroenneaselenite, 832 

-dihydroxytrisulphita, 303 

-dithionate, 694 

-hexahydroheptaselenite, 832 

-hexahydropentaselenite, 832 

-hydrosulphite, 303 

-potasshim hydroxystilphite, 303 


Thorium selenate enneahydrated, 873 

-octohydrate, 873 

- — selenide, 784 

-selenite, 832 

_ --rnoiiohydrate, 832 

-octahydrate, 832 

-sodium iiydroxysulphite, 303 

- sulphite, 303 

-thiosulphate, 660 

Tiomannite, 694, 779 
Tilkerodite, 787 
Tin diselenide, 785 
-monoselenide, 784 

- — oxysulphite, 303 
Titanium selenide, 784 

— selenium dioxyoetoehloride, 910 

- ~ sulphoetochloride, 647 

- — sulphodecachloride, 647 

-tliiosulphate, 650 

Titanyl dihydroxy selenate, 873 

- — dihydroxy selenite, 832 
-selenate, 872 

- - — selenite, 832 
p'toluoyl hexathionate, 629 

- ~ j>entathionato, 627 

Trianliydrosiilphatophosphoric acid, 346 
Tricadrniurn sodium tetrathiosulphate, 647 
Triselenatoohromic acid, 876 
Triselenatouranie acid, 878 
I’riselenatouranyluranic acid, 878 
Tnsodium cadmium tetrathiosulpliate, 647 
--- _ liexahydrate, 647 

„ „„ trihydrated, 547 
Trisulphates, 448 
Trithionatee, 607 
Trithionic acid, 600, 601 

-anhydride, 601 

Triuronyl ammonium disulphite, 308 

-sodium disulpliite, 308 

Trivanadyl ammonium disulphite, 305 

-potassium disulphite, 306 

-sodium disulphite, 306 

-zinc disulphite, 305 

Tungsten diselenide, 798 

- thiosulphate, 665 

-triselenide, 797 


U 

Uebertragungskatalyse, 673 
Umangite, 694, 770 
Uranium diselenide, 798 
—— disulphito, 307 

-hemitriselenide, 798 

-trithionate, 609 

Uranous dithionate, 596 

-oxydithionates, 596 

-oxysulphite, 307 

Uranyl ammonium disulphite, 308 

-hydroxysulphite, 308 

-selenate, 877 

-selenite, 838 

-cerium sulphite, 309 

-dihydrotriselenite, 838 

-dithionate, 596 

-hexahydroxypentasulphite, 307 

-hydroselenate, 877 

-hydroselenite, 838 

-hydrosulphite, 308 
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Uranyl hydrotriselenate, 877 

-lanthanum sulphite, 309 

-neodymium sulphite, 309 

-platinous ^raiM-aulphitodiainminosul- 

phite, 321 

-potassium disulphite, 308 

-hydroxysulphite, 309 

-selenate, 877 

-selenite, 838 

-praseodymium sulphite, 309 

-pyrosulphate, 447 

-selenate, 877 

-selonide, 798 

-selenite, 837 

-dihydrate, 837 

-sodium disuJphite, 308 

-—-hydroxysulphite, 309 

-- sulphite, 308 

. _. -tetrahydrate, 308 

-tritalienaliydiate, 308 

-totrahydropentaselenite, 838 

--heptahydrate, 838 

-pentahydrate, 838 

thiosulphate, 565 


V 

Vanadatoselenic acid, 875 
Vanadium acetoselonate, 875 
Vanadyl ammonium disulphite, 306 

-dithionate, 595 

-potassium disulphite, 305 

-sodium disulphite, 305 

-sulphite, ,305 

-trisulphite, 305 

Venetian red, 351 
Vitriol, brown oil of, 368 
Vitriolstein, ,351 
Volcanite, 915 


W 

Wackenroder’s solution, 563, 621 
Weibullite, 694, 796 
Wittite, 694, 796 


X 

Xanthochromic dithionate, 596 


Y 

Ytterbium sulphite, 302 
Yttrium dihydrotetraseleiiitye, 832 

-dithionate, 694 

-selenate enneahydrated, 872 

-- octohydrated, 872 

-selenite, 832 

-sulphite. 302 


Z 

Zinc aminomethyl sulphoxylate, 162 
-ainminoselenite, 827 


Zinc amminosulphite, 286 

-ammonium dithionate, 592 

-hyposulphite, 183 

-— persulphate, 479 

-““— selenate, 866 

- -sulphite, 286 

-thiosulphate, 546 

-- cassium selenate, 867 

-calcium hyposulphite, 183 

- — diamminosulphite, 28() 

-diamminothiosulphaie, 516 

-dibenzylsulphone, 162 

-dihydrazinosulphite, 286 

-dihydroxy sulphite, 286 

-dithionate, 692 

-ethylsulphinate, 163, 2.38 

-heptoxyoctosulphite, 286 

-hydrazine selenate, 866 

hydrazinohydrosulphito, 286 

— hydroselenite, 827 

- - hydrosulphite, 286 

“ hydrotetratliionate, 619 

— octodecoxypentasuJphite, 286 

- — pentamminodithionate, 592 

-pentamminotet rathionato, 619 

-pentamminotliiosulphate, 546 

-pentatliionate, 628 

- - persulphate, 479 

- platinous ^mas-sulphitodiamminosul- 

phite, 321 

~ - potassium hyposulphite, 183 

--persulphate, 479 

-selenate, 866 

- . --dihydrate, 866 

-- --hexahydrate, 866 

— selenatosulphate, 930 

- — sulphatoselenate, 930 

- sulphite, 286 

— - " - thiosulphate, 546 

- - pyridinopersulphate, 479 

- - pyrosulphate, 447 
-nibidium selenate, 866 

- ~ selenate, 866 

--hexahyrlrate, 865 

— - —~ pentahydrate, 805 

-selenide, 776 

* - selenite, 826 

- --dihydrate, 826 

-sodium hyposulphite, 183 

---persulphate, 479 

-sulphite, 286 

- — dihydrrite, 286 

--liemipentahydrate, 286 

--raonohydrato, 286 

-sulpliitodihyposulphite, 183 

-siilphone, 162 

-sulphoxylate, 162 

-tetramminodithionate, 592 

-tetramminopersulphatc, 479 

-tetramminotetrathionate, 619 

-tetrapyridinotetrathionate, 619 

- “ tetraselonite, 827 
~ — tetrathionate, 619 

- thallous selenate, 871 
-sulphite, 302 

- — thiosulphate, 545 

-triamminosulphite, 286 

-triamminotetrathionate, 619 

- - triamminothiosulphate, 546 

— trithionate, 009 
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Zino trivanadyl disulphite, 305 
/irconium cuprous trithiosulphate, 550 

-oxysulphite, 303 

-selenato, 873 

-selenide, 784 

-selenite, 832 

-moriohydrate, 832 

-sulphite, 303 


INDEX 

I Zirconium Rulphochloride, 017 
thiosulphate, 550 
Zirconyl selenato, 873 

-- selenite, 832 

Zolfo, 1 

Zorgito, 694, 788 
Zuire, 1 
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